
 

 
 
 
 
 
 
 
 
 
 
 



 
This Energie publication is one of a series highlighting the potential for innovative non-nuclear energy technologies to 
become widely applied and contribute superior services to the citizen. European Commission strategies aim at influ-
encing the scientific and engineering communities, policy-makers and key market players to create, encourage, ac-
quire and apply cleaner, more efficient and more sustainable energy solutions for their own benefit and that of our 
wider society. 

Funded under the European Union’s Fifth Framework Programme for Research, Technological Development and 
Demonstration (RTD), Energie’s range of support covers research, development, demonstration, dissemination, repli-
cation and market uptake — the full process of converting new ideas into practical solutions to real needs. Its publica-
tions, in print and electronic form, disseminate the results of actions carried out under this and previous framework pro-
grammes, including former JOULE-Thermie actions. Jointly managed by the European Commission’s Directorates-
General for Energy and Transport and for Research, Energie has a total budget of EUR 1 042 million over the period 
1998-2002. 

Delivery is organised principally around two key actions, ‘Cleaner energy systems, including renewable energies’ and 
‘Economic and efficient energy for a competitive Europe’, within the theme ‘Energy, environment and sustainable de-
velopment’, supplemented by coordination and cooperative activities of a sectoral and cross-sectoral nature. With tar-
gets guided by the Kyoto Protocol and associated policies, Energie’s integrated activities are focused on new solutions 
which yield direct economic and environmental benefits to the energy user, and strengthen European competitive ad-
vantage by helping to achieve a position of leadership in the energy technologies of tomorrow. The resulting balanced 
improvements in energy, environmental and economic performance will help to ensure a sustainable future for 
Europe’s citizens. 
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0 Executive Summary 

0.1 Motivation 
Currently, the renewable energy market in Europe is relatively protected and non-harmonised among 
the individual Member States. In the future, due to the evolution of important EU energy-related poli-
cies, such as the EU-Directive on renewables in the electricity sector or the fulfilment of the Kyoto tar-
get in combination with the liberalisation of the electricity market, the structure of the European elec-
tricity market, in general, and the conditions for RES-E, in particular, will be fundamentally reshaped. 
Hence, it is necessary to find optimal strategies in order to generate a continuous and significant in-
crease in the development of RES-E.  

The core objective of this project is to facilitate a significantly increased RES-E generation in a liberal-
ised electricity market with minimal costs to European citizen. To identify most important strategies the 
dynamic toolbox Green-X has been developed. Related objectives are:  

• to find a set of efficient and sustainable dynamic instruments integrating strategies for RES-E, 
CHP generation, DSM activities and GHG-reduction;  

• to address / include major stakeholders and decision makers in the development process of the 
toolbox Green-X;  

• to disseminate the toolbox and the results to key stakeholders and policy makers.  

By disseminating the toolbox and the results of this project to policy makers and various stakeholders, 
acceptance of an EU-wide effective promotion system will be improved. 

 

0.2 Survey of RES-E policy strategies 
It is well known that RES-E requires public support in order to penetrate the electricity market. This 
has been recognised at the EU level and by the individual EU Member States, which have been pro-
moting RES-E for many years.  

At the EU level, a ’Directive of the European Parliament and the Council on the promotion of electricity 
from renewable energy sources in the internal electricity market (RES-E Directive)’ (European Parlia-
ment and Council, 2001 – Directive 2001/77/EC) was approved in 2001, setting targets for the de-
ployment of renewable electricity by 2010. In addition, the Directive states that, taking account of the 
wide diversity of promotion schemes between Member States, it is too early to set a Community-wide 
framework regarding support schemes. By 27th October 2005 the Commission should present a report 
on the experience gained with the application and coexistence of different support schemes in the 
Member States. The report may be accompanied by a proposal for a Community framework for RES 
support schemes (art.4.2). Therefore, at least in the short to medium term, support policies in Member 
States will continue to be crucial for the penetration of RES in the electricity market1.  

What are the currently implemented promotion schemes for RES-E within the EU 15 Member States? 

Almost all Member States have implemented some type of investment subsidy for technologies in their 
early phase of development, such as tidal stream and wave energy, photovoltaics, solar thermal electricity 
or offshore wind. 

                                                      
1 The ‘RES-E Directive’ also contains several prescriptions regarding mandatory guarantees of origin, ensuring 
grid access and reporting obligations. 
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Table 0.1 Current promotion strategies for RES-E in the EU-15 countries 
RES-E TECHNOLOGIES CONSIDERED  Major 

strategy Large 
Hydro Small Hydro ‘New’ RES (Wind on- & offshore, PV, Solar thermal electricity, 

Biomass, Biogas, Landfill gas, Sewage gas, Geothermal) 
Municipal 
Solid Waste 

Austria FITs No Renewable Energy Act 2003. (Ökostromgesetz). Technology-specific FITs guaranteed for 
13 years for plants which get all permissions between 1 January 2003 and 31 December 
2004 and, hence, start operation by the end of 2006. Investment subsidies mainly on 
regional level. 

FITs for waste 
with a high 
biodegrad-
able fraction 

Belgium Quota/TGC 
+ guaran-
teed elec-
tricity pur-
chase 

No Federal: The Royal Decree of 10 July 2002 (operational from 1st of July 2003) sets minimum prices for 
RES-E. Except for offshore wind it will be implemented by the regional authorities: Wallonia: Quota obliga-
tion (based on TGCs) on electricity suppliers – increasing from 3% in 2003 up to 12% in 2010. Flanders: 
Quota obligation (based on TGCs) on electricity suppliers – increasing from 3% (no MSW) in 2004 up to 6% 
in 2010. Brussels region: No support scheme yet implemented. 

Denmark FITs No Act on Payment for Green Electricity (Act 478): Fix settlement prices instead of former high 
FITs. Valid for 10 years. Tendering plans for offshore wind. 

No 

Finland Tax  
Exemption 

No Tax refund:  
4.2 € /MWh  
(plant <1MW) 

Mix of tax refund and investment subsidies:Tax refund of 6.9 €/MWh 
for Wind and of 4.2 €/MWh for other RES-E. Investment subsidies 
up to 40% for Wind and up to 30 % for other RES-E. 

Tax refund 
(2.5 €/MWh) 

France FITs No FITs for RES-E plant < 12 MW guaranteed for 15 years (20 years PV and Hydro). Tenders 
for plant >12 MW. FITs in more detail: Biomass: 49-61 €/MWh, Biogas: 46-58 €/MWh, Geo-
thermal: 76-79 €/MWh, PV: 152.5-305 €/MWh; Landfill gas: 45-57.2 €/MWh; Wind2: 30.5-
83.8 €/MWh; Hydro3: 54.9-61 €/MWh. Investment subsidies for PV, Biomass and Biogas 
(Biomass and Biogas PBEDL 2000-2006). 

FIT: 25.8-
47.2 €/MWh 

Germany FITs Only  
refur-
bishment 

German Renewable Energy Act: FITs guaranteed for 20 years4. In more detail, FITs for 
new installations (2004) are: Hydro: 37-76.7 €/MWh; Wind5: 55-91 €/MWh; Biomass & Bio-
gas: 84-195 €/MWh; Landfill-, Sewage- & Mine gas: 66.5-96.7 €/MWh; PV & Solar thermal 
electricity: 457-574 €/MWh; Geothermal: 71.6-150 €/MWh 

No 

Greece FITs +  
investment 
subsidies 

No FITs guaranteed for 10 years (at a level of 70-90% of the consumer electricity price)6 and a 
mix of other instruments:  a) Law 2601/98: Up to 40% investment subsidies combined with 
tax measures;  b) CSF III: Up to 50% investment subsidies depending on RES type 

No 

Ireland Tender No Tendering scheme – currently AER VI with technology bands and price caps for small Wind 
(<3 MW), large Wind (>3 MW), small Hydro (<5 MWp), Biomass, Biomass CHP and Bio-
gas. In addition, tax relief for investments in RES-E. 

No 

Italy Quota/TGC Quota obligation (based on TGCs) on electricity suppliers: 2.35% target (2004), increasing yearly up to 2008; TGC is-
sued for all (new) RES-E (incl. large Hydro and MSW) – with rolling redemption7; penalty in size of 84.2 €/MWh (2004) 
but market distortions appear8. Investment subsidies for PV (Italian Roof Top program). 

Luxembourg FITs No No FITs9 guaranteed for 10 years (PV: 20 years) and investment subsi-
dies for Wind, PV, Biomass and small Hydro. FITs for Wind, Bio-
mass and small Hydro: 25 €/MWh, for PV: 450 €/MWh.  

No 

Netherlands FITs + tax 
exemption 

 Mixed strategy: Green pricing, tax exemptions and FITs. The tax exemption for green elec-
tricity amounts 30 €/MWh and FITs guaranteed for 10 years range from 29 €/MWh (for 
mixed Biomass and waste streams) to 68 €/MWh for other RES-E (e.g. Wind offshore, PV, 
Small Hydro). 

No 

Portugal FITs +  
investment 
subsidies 

No FITs (Decree law 339-C/2001 and Decree law 168/99) and investment subsidies of roughly 
40% (Measure 2.5 (MAPE) within program for Economic Activities (POE)) for Wind, PV, 
Biomass, Small Hydro and Wave. FITs in 2003: Wind10: 43-83 €/MWh; Wave: 225 €/MWh; 
PV11:224-410 €/MWh, Small Hydro: 72 €/MWh  

No 

Spain FITs Depend-
ing on 
the plant 
size12 

 

FITs (Royal Decree 2818/1998): RES-E producer have the right to opt for a fixed price or 
for a premium tariff13. Both are adjusted by the government according to the variation in the 
average electricity sale price. In more detail (only premium, valid for plant < 50 MW): Wind: 
27 €/MWh; PV14: 180-360 €c/kWh, Small Hydro: 29 €/MWh, Biomass: 25-33 €/MWh. More-
over, soft loans and tax incentives (according to “Plan de Fomento de las Energías 
Renovables”) and investment subsidies on a regional level 

Premium FIT: 
17 €/MWh 

Sweden Quota/TGC No Quota obligation (based on TGC) on consumers: Increasing from 7.4% in 2003 up to 16.9% 
in 2010. For Wind Investment subsidies of 15% and additional small premium FITs (“Envi-
ronmental Bonus”15) are available. 

No 

United Kingdom Quota/TGC No Quota obligation (based on TGCs) for all RES-E: Increasing from 3% in 2003 up to 10.4% 
by 2010 – penalty set at 30.5 £/MWh. In addition to the TGC system, eligible RES-E are 
exempt from the Climate Change Levy certified by Levy Exemption Certificates (LEC’s), 
which cannot be separately traded from physical electricity. The current levy rate is 
4.3 £/MWh. Investment grants in the frame of different programs (e.g. Clear Skies Scheme, 
DTI´s Offshore Wind Capital Grant Scheme, the Energy Crops Scheme, Major PV Demon-
stration Program and the Scottish Community Renewable Initiative) 

No 

 

                                                      
2 Stepped FIT: 83.8 €/MWh for the first 5 years of operation and then between 30.5 and 83.8 €/MWh depending on the quality of site. 
3 Producers can choose between four different schemes. The figure shows the flat rate option. Within other schemes tariffs vary over time (peak/base etc.). 
4 The law includes a dynamic reduction of the FITs (for some RES-E options): For biomass 1% per year, for PV 5% per year, for wind 2% per year.  
5 Stepped FIT: In case of onshore wind 87 €/MWh for the first 5 years of operation and then between 55 and 87 €/MWh depending on the quality of site. 
6 Depending on location (islands or mainland) and type of producer (independent power producers or utilities) 
7 In general only plant put in operation after 1st of April 1999 are allowed to receive TGCs for their produced green electricity. Moreover, this allowance is lim-
ited to the first 8 years of operation (rolling redemption). 
8 GRTN (Italian Transmission System Operator) influences strongly the certificates market selling its own certificates at a regulated price – namely at a price 
set by law as the average of the extra prices paid to acquire electricity from RES-E plant under the former FIT-programme (CIP6). 
9 Only valid for plants up to 3 MW (except PV: limited to 50 kW). 
10 Stepped FIT depending on the quality of the site. 
11 Depending on the size: <5kW: 420 €/MWh or >5kW: 224 €/MWh. 
12 Hydropower plant with a size between 10 and 50 MW receive a premium FIT of 6-29 €/MWh depending on the plant size. 
13 In case of a premium tariff, RES-E generators earn in addition to the (compared to fixed rate lower) premium tariff the revenues from the selling of their 
electricity on the power market. 
14 Depending on the plant size: <5kW: 360 €/MWh or >5kW: 180 €/MWh 
15 Decreasing gradually down to zero in 2007 
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The most widespread mechanism promoting renewables production has traditionally been the so-called 
feed-in tariff systems. The countries that have been more successful in deploying RES-E are 
characterised by relatively high (feed-in) incentive-levels and long-term stable frameworks (Germany, 
Denmark & Spain are good examples in the development of wind energy). 
Tax incentives are applied in Finland, Netherlands and the UK. In Finland the tax break works almost as a 
feed-in scheme reducing the real cost of renewables significantly. In the Netherlands and the UK, the tax 
break is a small part of a broader scheme. In the first case, the tax reduction provides a “minus cost” of 
about 20 €/MWh to renewable producers, which in combination with the feed-in scheme represents the 
basic renewables incentive. In the case of the UK, the Climate Change Levy provides some 6.3 €/MWh 
exemption to renewable producers in addition to the revenues from the TGC system. 
Tendering systems have been applied in France for onshore wind projects, and are currently applied in 
Ireland through the AER scheme. According to recent discussions in Denmark and France, it is planned to 
reapply this type of instrument for offshore wind projects.  
Finally, quota systems based on Tradable Green Certificates (TGCs) schemes are applied in the UK 
(replacing the NFFO tendering system), Belgium, Italy and Sweden. 
The reasons behind this apparent variety have been explored to different degrees and include:  
• Technology and country specificity – different stages of development and costs, differing local re-

source conditions.  
• Political willingness and coherence – countries which have undergone past liberalisations and are 

embedded into market oriented policies (UK, Ireland) are prone to apply capacity-driven schemes 
as quotas based on TGCs;  

• Unlevelled electricity markets – Important differences appear when analysing the individual EU15 
electricity markets in terms of their work-arrangements, institutional set-ups and fiscal schemes 
(heterogeneous energy tax levels). 

From a technological point-of-view, RES-E options that receive greater attention in the EU15 are: wind, 
photovoltaics, small hydro and biomass in its different forms. Table 0.1 (see previous page) provides a 
summary of most important RES-E policies as currently implemented in EU 15 Member States. 
 

0.3 Method of approach 
Support instruments have to be effective for increasing the penetration of RES-E and efficient with re-
spect to minimising the resulting public costs (transfer cost for society) over time. The criteria used for 
the evaluation of various instruments are based on the following conditions: 

• Minimise generation costs 

This aim is fulfilled if total RES-E generation costs are minimised. In other words, the system 
should provide incentives for investors to choose technologies, sizes and sites so that generation 
costs are minimised. 

• Lower producer profits 

If such cost-efficient systems are found, – in a second step – various options should be evaluated 
with the aim to minimise transfer costs for consumer / society.16 This means that feed-in tariffs, 

                                                      
16 Transfer costs for consumer / society (sometimes also called additional / premium costs for society in this re-
port) are defined as direct premium financial transfer costs from the consumer to the producer due to the RES-E 
policy compared to the case that consumers would purchase conventional electricity from the power market. This 
means that these costs do not consider any indirect costs or externalities (environmental benefits, change of em-
ployment, etc.). The transfer costs for society are either expressed in Mio €/yr or related to the total electricity 
consumption. In the later case the premium costs refer to each MWh of electricity consumed. 
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subsidies or trading systems should be designed in a way that public transfer payments are also 
minimised. This implies lowering producer surplus17. 

In some cases both goals – minimise generation costs and producer surplus – may not be reached 
together so compromise solutions must be found.  

 

0.4 The toolbox Green-X 
As already mentioned, to be able to identify most important strategies the dynamic toolbox Green-X 
has been developed. It is an independent interactive dynamic simulation model on the basis of the ex-
isting static computer model ElGreen, developed for the previous EU project ElGreen, and the theo-
retical framework developed in this project. 

Figure 0.1 gives an overview of the core elements of the Green-X model. 18 The general modelling 
approach to describe both supply-side electricity generation technologies and electricity demand re-
duction options is to derive dynamic cost-resource curves for each generation and reduction option in 
the investigated region. Dynamic cost curves are characterised by the fact that the costs as well as 
the potential for electricity generation / demand reduction can change year by year. The magnitude of 
these changes is given endogenously in the model, i.e. the difference in the values compared to the 
previous year depends on the outcome of this year and the (policy) framework conditions set for the 
simulation year.  

Based on the derivation of the dynamic cost curve an economic assessment takes place considering 
the scenario specific conditions like selected policy strategies, investor and consumer behaviour as 
well as primary energy and demand forecasts.  

Policies that can be selected are the most important price-driven strategies (feed-in tariffs, tax incen-
tives, investment subsidies, subsidies on fuel input) and demand-driven strategies (quota obligations 
based on tradable green certificates (including international trade), tendering schemes). All instru-
ments can be applied to all RES and conventional options separately for both combined heat power 
and power production only. In addition, general taxes including energy taxes (to be applied to all pri-
mary energy carriers as well as to electricity and heat) and environmental taxes on CO2-emissions, 
policies supporting demand-side measures and climate policy options (trading of emission allowances 
on both the national and international level) can be adjusted and the effects simulated.19 As Green-X 
represents a dynamic simulation tool, the user has the possibility to change policy and parameter set-
tings within a simulation run (i.e. by year). Furthermore, all instruments can be set for each country in-
dividually. 

Within this step, a transition from generation and saving costs to bids, offers and switch prices takes 
place. It is worth to mention that the policy setting, e.g. the guaranteed duration and the stability of the 
planning horizon or the kind of policy instrument, which will be applied, influences the effective sup-
port.  

                                                      
17 The producer surplus is defined as the profit of the green electricity generators. If for example, a green producer 
receives a feed-in tariff of 60 € for each MWh of electricity he sells and his generation costs are 40 €/MWh, the re-
sulting profit would be 20 € for each MWh. The sum of the profits of all green generators defines the producer 
surplus. 
18 In the near future, it is planned to extend the geographical coverage of the model to the 10 new Member States, 
the candidate countries Bulgaria and Romania as well as Switzerland and Norway. A possible further extension to 
other neighbouring countries such as, e.g. the Balkan states and Turkey seems likely later-on. 
19 Thereby, various instrument-specific parameters can be defined, such as for example, in the case of a quota 
obligation the reference point of the quota (as share of total demand or generation), the imposed penalty in the 
case of non-compliance with the quota, etc. 
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Figure 0.1 Overview on the computer model Green-X 

 

The results on a yearly basis are derived by determining the equilibrium level of supply and demand 
within each considered market segment – e.g. tradable green certificate market (TGC both national 
and international), electricity power market, tradable emissions permit market. This means that the dif-
ferent technologies are collected within each market and the point of equilibrium varies with the calcu-
lated demand. 

The Green-X model provides the following outputs for each Member State and for the European Un-
ion as a whole as well as for each technology on a yearly base up to 2020: 

• General results, including:  
– Installed capacity [MW] 

– Total fuel input electricity generation [TJ, MW]  

– Total electricity generation [GWh] 

– National electricity consumption [GWh] 

– Import / export electricity balance [GWh, % of gen.] 

– Total CO2-emissions from electricity generation compared to selected scenario baseline [%] 

– Market price electricity (yearly average price) [€/MWh] 

– Market price Tradable Green Certificates [€/MWh] 

• Impact on producer, including: 
– Total electricity generation costs [M€, €/MWh] 

– Total producer surplus for electricity generation [M€, €/MWh] 
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– Marginal generation costs per technology for electricity generation [€/MWh] 

• Impact on consumer, including: 
– Additional costs due to promotion of RES-E [M€, €/MWh] 

– Additional costs due to DSM strategy [M€, €/MWh] 

– Additional costs due to CO2-strategy total [M€, €/MWh] 

– Total (transfer) costs due to the selected support schemes and policy options 

 

0.5 Results from the simulation runs with the Green-X toolbox 
 

0.5.1 Scenario definitions and assumptions 
Various simulation runs have been carried out to analyse the effect of RES-E policy on RES-E 
deployment, portfolio and costs. Thereby, it has been tried to consider the spread of possible RES-E policy 
deployment within the EU. In more detail the following scenarios have been defined:  

• No harmonisation, where currently implemented policies remains available (without any adapta-
tion), i.e. business as usual (BAU) forecast  

• After a transition period of 7 years (as indicated in the EU-Directive (EC/77/01), a harmonisation of 
the support schemes takes places. To be able to analyse the effect of different (harmonised) poli-
cies compared to the status quo (BAU) it is assumed that the same RES-E target as under BAU 
conditions should be reached by 2020. The following currently must promising and favourable 
policies have been investigated under harmonised conditions:  

– Feed-in tariff 

– International TGC system 

– National TGC system 

• To investigate how the RES-E target influences the efficiency of different support schemes, a sec-
ond more ambitious RES-E target should be reached in 2020. More precisely, a fictitious target for 
the year 2020 of 1000 TWh was set for RES-E generation in EU15 countries – assuming: 

– Current policy (BAU) up to 2012 - 7 year transition period - and a harmonised system thereaf-
ter. Again the goal should be reached by applying the following support mechanisms:  

- Feed-in tariff 

- International TGC system 

– Harmonisation should already take place in 2005 and the indicative RES-E target in 2010 
should be reached. Therefore, the effects of “early actions” and a high interim target (2010 
goal) can be shown.  

 

0.5.2 General model assumptions are:  
The model runs are based on the following general assumptions: 

• Gross electricity consumption is based on the baseline forecasts published by DG TREN “Euro-
pean Energy and Transport Trends to 2030 Outlook”, Mantzos et. al 2003; 

• Primary energy prices are based on WETO 2003 project “World Energy, Technology and Climate 
Policy Outlook” on behalf DG Research; 

• Biomass prices and projections are based on an assessment conducted within the Green-X pro-
ject and various among the Member States;  
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• The determination of the necessary rate of return is based on the weighted average cost of capital 
(WACC) methodology. Two options are considered in the analysis, namely 6.5% (default case) 
and 8.6% (higher risk case); 

• For most technologies the future investment costs are based on endogenous technological learn-
ing. Learning rates are assumed at least for each decade separately referring to the global devel-
opment of the considered technology. For the other (less mature) technologies standard cost fore-
casts are used (e.g. wave energy). 

As the effectiveness and the efficiency of the support mechanisms hugely depend on the design, the 
design options of the instruments are chosen in a way such that transfer costs for society are low. In the 
model run, it is assumed that all investigated strategies are characterised by: 

• Stable planning horizon;  

• Continuous RES-E policy / long term RES-E targets; 

• Clear and well defined tariff structure / yearly quota for RES-E technologies; 

• Reduced investment and O&M costs, increased energy efficiency over time; 

• Reduction in barriers and high public acceptance in the long term20.  

In addition, for all investigated scenarios, with the exception of the BAU scenario (i.e. currently 
implemented policies remain available without adaptations up to 2020) the following design options are 
assumed  

• Financial support is restricted to new capacity only; 21 

• Restriction of the duration in which investors can receive the (additional) financial support. 22  

For the policy instrument “quota obligation in combination with tradable green certificates” the following 
options are chosen:  

• Tradable green certificates are standardised; 

• Full competition, i.e. (i) a high level of market transparency exist, (ii) an appropriate level of trading 
volume is available, (iii) investors are seeking the most efficient RES-E resources, leading to an 
idealised, fully competitive TGC market;23  

• Additional support for less mature RES-E technologies does not exist; 

• Constant yearly interim targets; 24 

• Penalties for not fulfilling the quota obligation are set to high amounts (up to 150 €/MWh).  

For the policy instrument “feed-in tariff” the following design criteria have been used:  

• Guaranteed tariffs are technology specific; 

• Tariffs are set as low as is reasonable without causing a lower deployment rate over the RES-E 
portfolio; 

• Guaranteed tariffs decrease over time or at least remain constant for certain RES-E technologies; 

• Tariffs for wind energy are designed as a stepped feed-in tariff. 25 

                                                      
20 In the scenario runs it is assumed that the existing social, market and technical barriers (e.g. grid integration) 
can be overcome in time. The reduction depends on the assumed target, i.e. a more optimistic view is assumed 
for reaching the 1000 TWh target in 2020 compare to the BAU target. 
21 This means that only plants constructed after the start year of the different scenarios (2004 and 2013 respec-
tively) are allowed to receive the support. 
22 In the model runs it is assumed that the time frame is restricted to 15 years. 
23 Otherwise costs rise due to strategic price setting. 
24 Interim targets are set in a way that the percentage increase between the single years is constant in the period 
2013-2020 (for the case of a harmonised strategy beyond 2012) and in the period 2006-2010 and 2011-2020 (for 
the case that the indicative target in 2010 should be reached). 
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0.5.3 Key results of the simulation runs 
Total amount of RES-E generation within the EU 15 was around 449 TWh/a in 2004.26 Without any 
changes in the support scheme the electricity production will rise to about 581 TWh/a in 2010 (19,0%) 
and 848 TWh/a in 2020 (24,3%). This amount is - following the BAU demand projection from Mantzos 
et. al. (2003a) – around 93 TWh/a or 2% less than the EU target as described in the “RES-E Directive” 
(01/77/EC).27 Remaining the current policy schemes, the EU target 2010 can be reached with a delay 
of around 3 years (efficiency demand according to Mantzos et. al (2003)) and 5 years (BAU demand 
according to Mantzos et. al (2003)), respectively.  

Figure 0.2 compares the dynamic development of RES-E generation for the BAU case (left-hand side) 
and the application of a harmonised feed-in tariff scheme starting already in 2005 for the 1000 TWh 
target (right-hand-side). 

The highest electricity production from new RES-E plants will come from wind energy, both onshore 
and offshore up to 2020. Assuming that around 848 TWh/a will produced by RES-E technologies in 
2020 (BAU target), it can be expected that approximately 45% (30%) of the new generation is coming 
from wind onshore (offshore), leading to a total share of around 30% wind onshore and 15% wind off-
shore. Other significant increases can be expected for solid biomass (plus 8%) and biogas (plus 6%). 
Due to less public support and acceptance, the amount of large scale hydro power will increase only 
marginally in absolute terms. In relative terms the share drops significantly from around 60% (2004) to 
33% in 2020.  

The portfolio reaching the 1000 TWh differs partly significantly compared to fulfilling the lower BAU 
target (848 TWh by 2020). For example the share of wind onshore on the new RES-E generation 
2005-2020 drops from around 45% to 36% as less additional potential is available contributing to a 
higher RES-E target. The share of wind offshore decreases too; but to a much lower extent. In con-
trast, electricity generation from (solid) biomass increases dramatically, from around 9% to 17%. With 
respect to the total RES-E production the portfolio is more homogenously distributed among the RES-
E technologies, i.e. a higher spread of RES-E technologies is necessary fulfilling the ambitious target. 

 

                                                                                                                                                                      
25 This means that the feed-in tariff will be reduced if actual generation is high. To set an incentive for investors to 
implement the most efficient technologies and locations, the reduction in the guaranteed price must be less than 
the total revenue that can be gained if an efficient plant and location are chosen. Profits will thus be higher at 
more cost effective sites. A stepped tariff e.g. is implemented in Germany 
26 Note: RES-E generation in 2004 refers to available potential of RES-E times normal (average) full load hours of 
the technologies. This means actual generation can differ from this value due to (i) variation of generation from 
average conditions (e.g. for hydropower or wind) and (ii) new capacity build in 2004 is not fully available for the 
whole period 2004.  
27 Assuming an electricity demand projected according to the efficiency scenario (Mantzos et. al., 2003b), the 
share of RES-E amounts 20% in 2010 and 26.9% in 2020.  
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Figure 0.2 Development of RES-E generation 2004-2020 within EU 15 in the BAU scenario (left) 

and under a harmonised feed-in tariff scheme reaching a RES-E production of 1000 TWh 
in 2020 (right).  

 

High investments are necessary to be able to build up the new capacity. Figure 0.3 shows the total in-
vestment needs for RES-E over time assuming BAU policy up to 2020. While necessary investments 
into wind onshore and biogas plants are relative stable over time, investments into solid biomass 
plants (including biowaste) mainly occur in the first years (2005-2015) and for wind offshore and 
photovoltaic mainly after 2010. The investments (within the EU and worldwide) stimulates technologi-
cal learning, leading to lower generation costs in the future. 

Assuming a RES-E target of 1000 TWh in 2020, investment needs can be estimated with around 
14.000 to 16.000 M€/a. Similar to the BAU cases, investments for biomass mainly take place in the 
first decade. In the later phase investments needs increase for wind offshore, tide & wave as well as 
biogas.  
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Figure 0.3 Total investment needs in the period 2005-2020 within the EU-15 in the BAU scenario 

(B1) 
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Most interesting for the evaluation of the efficiency of the different support mechanism is to compare 
the necessary financial public support. The yearly necessary transfer costs for consumer on EU level 
reaching the BAU target over time are depicted for the four investigated cases in Figure 0.4. The 
yearly burden is highest remaining the current policy schemes. In this case transfer costs for society 
rise continuously over time. Costs are relative stable applying a technology specific feed-in tariff from 
2013 on. In the case of a TGC scheme burden in the first years drop compared to the 2012 level, but 
increases over time.  
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B4b: BAU (2005-2012), national TGC scheme (2013-2020) - no risk premium
B4a: BAU (2005-2012), national TGC scheme (2013-2020) - risk premium
B3b: BAU (2005-2012), international TGC scheme (2013-2020) - no risk premium
B3a: BAU (2005-2012), international TGC scheme (2013-2020) - risk premium
B2: BAU (2005-2012), harmonised FIT scheme (2013-2020)
B1: BAU policy (2005-2020)

 
Figure 0.4 Comparison of necessary transfer costs for consumer reaching the BAU target 2020 

(848 TWh in 2020) 

 

Harmonisation reduces the distortion with respect to the required transfer costs for the societies in the 
countries. The same promotion of one unit of new RES-E for each technology in the different Member 
States (harmonisation of the schemes), however, does not automatically results in a uniform burden 
for the consumer per MWh electricity consumption.  

• In the case of a feed-in tariff or tender scheme the transfer costs (premium costs) for society de-
pends on the actual national RES-E deployment. This means that the burden for the consumer is 
high in countries with a relative high potential as a high total electricity generation from RES-E oc-
cur. In addition, the costs rise if the share of relative “expensive” RES-E technologies is high too. 
In the case of an international TGC scheme the burden depends on the agreed national RES-E 
target, i.e. the costs are independent from the actual national RES-E production; the different to 
the quota level can be sold at or must be purchased from the international TGC market.28 Applying 
a national TGC scheme the transfer costs for consumer depends on the agreed TGC target too, 
however, without the opportunity to use all efficient RES-E generation options if the target setting 
among the countries is inappropriate. 

• In addition, the yearly transfer costs for consumer depend on the historical promotion of RES-E. 
These costs are independent from the actual RES-E policy if it is assumed that existing capacity 
remains in their old promotion scheme, i.e. the new schemes are applied to new capacity only.  

                                                      
28 In this investigation it is assumed that each country is imposed by the same RES-E target for new plants. This 
means that the burden for RES-E policy after 2012 is equal among the consumer in the Member States (uniform 
quota for new RES-E generation). 
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The yearly transfer costs for society for all investigated 1000 TWh cases are depicted in Figure 0.5. 
For the case that harmonisation should be taken place after a transition period of 7 years the following 
main effects can be observed: Yearly transfer costs are higher in the early phase applying a feed-in 
tariff scheme compared to an international TGC scheme as, firstly, the tariff is designed in a way that it 
drops over time and, secondly, a higher deployment occur in this (early) period. Assuming a full har-
monisation already in 2005 the following conclusion can be drawn: Transfer costs within a TGC 
scheme are (much) higher if the target (quota) is very ambitious (high interim target 2010 target) and 
with advanced RES-E deployment, i.e. from 2018 onwards.29  
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Figure 0.5 Comparison of necessary transfer costs for consumer reaching the 1000 TWh target in 

2020 starting 2005 and 2013 with a harmonised approach (H1 – H6) 

 

Note that the yearly transfer costs represent the actually yearly imposed costs for society and are not 
fully comparable among each other with respect to the total burden for the consumer30. For example in 
the case of the BAU scenario some countries are granting investment incentives, leading to a high 
yearly costs for the new RES-E capacity but lower costs in the years thereafter. As the time horizon 
ends by 2020 in Figure 0.4 and Figure 0.5 the total burden for the consumer seams to be ‘too high’ in 
the BAU scenario compared to the other cases as a higher share of the costs is already paid up to 
2020.31  

The yearly burden can be influenced by changing the guaranteed duration of the support. For example 
the yearly amount increases by guaranteeing a tariff for 10 years instead of 15 years. In this case, 
however, premium costs must be paid only 10 years, so total burden remains approximately constant.  

 

                                                      
29 Note: Due to the high support level also less mature technologies will be stimulated. Therefore, in the later 
phase (after 2020) TGC price may be drop again.  
30 However, they are fully comparable regarding the yearly burden for the consumer. 
31 For the harmonised cases a guaranteed duration of 15 years is assumed. This means that a capacity, which is 
built in 2019 will receive a public support up to 2034. In Figure 0.4 and Figure 0.5, however, only the costs for the 
years 2019 and 2020 are depicted, neglecting the full “sunk costs” (up to 2034) in the period after 2020.  
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Figure 0.6  Comparison of total transfer costs for the consumer reaching a moderate target (BAU – 

left) and an ambitious target (1000 TWh – right).  

Note: All transfer costs refer total costs for society retaining the BAU policy  

 

A comparison of the full transfer costs for the consumer is given in Figure 0.6. In all investigated cases 
the application of a technology specific support scheme (in this case design as a technology specific 
feed-in tariff with a dynamically decreasing guaranteed amount according to the technological pro-
gress) leads to the lowest financial transfer costs for society. In the case of a moderate RES-target 
(BAU), differences are relative low. Total transfer costs for society are lowest applying technology spe-
cific support, followed by an international and a national TGC scheme and are highest retaining the 
current policy up to 2020.  

In the case of an ambitious RES-E deployment it can be clearly conclude that technology specific sup-
port mechanisms are preferable from the consumers point-of-view compared to schemes, which do 
not consider a technology specific support to fulfil the ambitious RES-E target in the future. In all in-
vestigated cases the necessary average financial support is lower applying a well designed technol-
ogy specific feed-in tariff system compared to a non technology specific TGC scheme.  

 

0.6 Conclusions and recommended actions 
The following conclusions can be drawn from the project Green-X.  

• The future penetration of a RES-E technology depends on how it prevails over two categories of 
existing obstacles 

– Economic barriers – they are reflected by the net generation costs, i.e. inclusive of policy 
strategies. 

– Non-economic barriers (mostly social, administrative, market and technical obstacles), – they 
restrict the available potential of electricity generation for the current year(s). 

• There is no clear favoured support mechanism, as each instrument has its pro and cons. Which 
instrument is to be preferable depends on the specific policy objective, see Table 0.2.  
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Table 0.2 Optimal RES-E policy in dependency of the core issue32 

Policy issue Feed-in tariff A National TGC 
system B 

International 
TGC system B 

Tender  
procedure C 

Ensure a broad RES-E technology port-
folio + + - - -  + + 

Allow an ambitious RES-E target for a 
short period + + - - - / + + 

Minimise generation system costs - /+ + / - + / - + 

Minimise transfer costs for consumers + + - - / + + 

Encourage competition among genera-
tors - - + + + + + 

Leads to a homogeneous burden 
among consumers over time + + - - + + 

Can contribute to a fair international 
burden sharing for consumers - - + - 

Note: The discussed effects refer to the most common design option of the instrument, i.e. by changing the design most effects can be 

changed too.  
A Feed-in tariffs are technology specific and decreases with technological progress 
B  Quota obligations are uniform, i.e. there are neither technology specific quotas nor additional support for less cost efficient instruments 

(e.g. tax relief or investment subsidies) 
C  Tender schemes are technology specific, but to maintain competition less specific than under a feed-in tariff system 

 

• Considering dynamics is essential, as the impact of the instruments significantly varies from a 
static viewpoint. Of special importance is:  

– Technological diffusion due to changes of existing barriers over time 

– Decreasing generation costs and hence lower necessary financial incentives 

– Non-linear dynamic target /quota setting 

• The design of an effective strategy is by far the most important success criteria. The effects on 
RES-E deployment, investor stability, etc. are similar if the design of the instrument is similar too. 
Of course, as the instrument differs, the effort, the efficiency and complexity of reaching a similar 
impact varies among the support schemes too; 

• To ensure a significant RES-E deployment in the long-term, it is essential to build up a broad port-
folio of different RES-E technologies. 

– To increase experience and confidence in new technologies. This issue is important to pre-
pare the market for the case that these technologies can be used in the future. 33  

– Demonstrating the viability of new technologies is important for achieving market maturity, as 
the overcoming of barriers depends on the confidence and experience gained from real pro-
jects. For example, banking institutions must be familiar and must trust in new technologies, 
and the risk assessment for new technologies will be reduced as the learning effect in the con-
struction and administration occurs; 

                                                      
32 Note: Quite different effects occur applying different design options (e.g. implementing technology specific quo-
tas within a TGC scheme or using no technology specific feed-in tariffs). 
33 Especially if the RES-E target increases significantly in the future. 
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• The maximum RES-E deployment rate depends on the technological differentiation of the single 
RES-E technologies. Applying technology specific support schemes, the dynamics with respect to 
the total RES-E deployment can be significantly increased; 

• The effects of different RES-E instruments on RES-E deployment, conventional power generation 
and its emission and prices, mainly depend on the design of the instruments, too. This means, if 
they are set in a similar way, the effects are similar too; 

• The development of a national RES-E industry requires a continuous RES-E policy; 

• Implementing national policies in a different ambitious way among the countries is problematic 
within a liberalised power market. The benefits of ambitious policies only partly remain within the 
respective countries. Harmonisation of framework conditions and the associated burdens for con-
sumer should be pursued; 

• The future development of societal costs due to the promotion of RES-E is crucially influenced by 
the development of electricity prices on the conventional market. Thereby, a higher societal bur-
den due to higher electricity prices will be compensated by lower societal costs related to the pro-
motion of RES-E; 

• The achievement of most policy targets for RES-E at acceptable societal costs is closely linked to 
the development of the electricity demand, too. Therefore, besides setting incentives on the sup-
ply-side for RES-E, accompanying demand-side measures would help to minimise the overall so-
cietal burden; 

• Accompanying strategies to promote RES-E, such as a TEA system or an active DSM policy, are 
less efficient if they are introduced in an uncoordinated manner (on a national level) within an in-
ternational power market, as the power price only reacts marginally on such policies compared to 
both an isolated electricity market and an internationally coordinated policy. 

Summing up, a coordination and harmonisation of the support between the Member States can be 
recommended. Figure 0.1 provides a suggested design of efficient instruments so as to minimise 
costs for consumers. 
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General rules (harmonised)

• High investor confidence (stable planning horizon, 
predictability, creditability);

• Pursue a continuous RES-E policy (no stop-and-go 
nature);

• Existing capacities and new capacities should not be 
mixed;

• Financial support given by any instrument should be 
restricted to a certain time frame;

• Encourage competition among the manufacturer;
• Remove non economic barriers
• Compatibility with other policies (climate policy, agricultural 

policy , demand-side measures);

Quota obligation

• Ensure reciprocity of TGCs
(mutually approval)

• Set correct penalty (higher than 
marginal production costs)

• Ensure a sufficient market size 
(try to form an international 
trading system

• Give higher additional support 
for less matured technologies (if 
appropriate)

Tender procedure

• Ensure a continuity of calls and 
predictability over time

• Set technology-cluster specific 
tender

• Call of right technology specific 
tender capacity 

• For large projects predefined 
size, site, interconnection, etc. 
(co-ordinated development for 
capacity, grid feasible)

Feed-in tariff

• Use technology specific tariffs
• Apply a stepped feed-in tariff 

scheme (where appropriate)
• Considering dynamics! Tariffs 

should decrease over time 
when optimal time path for their 
implementation is reached

 
Figure 0.7 Efficient design options for RES-E support instruments from the consumer’s perspective 
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1 Introduction 

1.1 Motivation 
Even though there is a common agreement within the EU to increase the share of electricity from re-
newable energy sources (RES-E), each country has decided to take a different approach to its imple-
mentation. Different support mechanisms have been and still are used in different Member States. In 
addition, new instruments such as tradable green certificates and emission allowance systems are be-
ing designed in order to work within the liberalised market.  

Quite a number of different instruments are being used in the attempt by the individual countries and 
the EU to support the development of renewable energy technologies and at the same time to reduce 
greenhouse gas emissions. The most important ones are mentioned below: 

• Feed-in tariffs (FIT) 

• Tradable green certificates (TGC) 

• Tendering systems 

• Emissions trading schemes / tradable emission allowances (TEA) 

• Demand side measures (DSM) 

• Distributed combined heat and power (CHP) obligation 

• Clean development mechanism (CDM) and joint implementation (JI) 

These policy instruments may be used individually or simultaneously either at the national level or at 
the EU level. Moreover, the Member States and the EU may want to achieve not only one but several 
targets in applying these instruments. For example, this is the case for the indicative targets for the 
use of renewable energy and the national GHG-reduction targets.  

Analysing the interaction of these instruments with each other and with different targets is not trivial. 
Instead, such analyses turn out to be highly complex theoretically and methodologically. The different 
instruments might influence a number of issues, the most important ones being: 

• Prices at the power spot market 

• Consumer prices for electricity 

• The volume of implemented renewable power capacity 

• The national and international GHG emission levels;  

The many instruments that exist to support renewable energy technologies and they interact at multi-
ple levels. Although within the scope of this project it has not been feasible to investigate all possible 
issues within this field, the cases analysed cover not only the needs and opportunities at the level of 
the national Member States, but also those at the level of the EU. However, the most important ones 
have been treated thoroughly. 

 

 

1.2 Objective of this project 
The overall objective of the Green-X project is to analyse the possibility for a continuous and signifi-
cant increase in the development of RES-E with minimal costs to European citizens. In order to make 
these analyses, it is important to understand the different policy instruments available for supporting 
renewable sources, how these instruments interact, and what this implies for EU and national policies 
for implementing renewable energy technologies and for achieving GHG-reductions. The project has 
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determined a cost efficient dynamic time-path for the deployment of renewables across the EU. To 
identify the most important strategies a dynamic computer model has been developed. 

The general interactions of the different work-packages within the Green-X project are depicted in 
Figure 1.1 and are described briefly below.  
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Figure 1.1 Work-packages and their Interactions within the project Green-X 

 

WP 1 – Dynamics of cost curves: The aim of this package has been to analysis the dynamics of 
cost curves (= potential and costs) for the different RES-E technologies, for conventional electricity 
and CHP generation, and the most important demand-side activities for electricity applications in vari-
ous EU countries. In addition, potential and costs for GHG reduction has been investigated for the 
electricity sector. 

WP 2 - Impact of decision makers (Decision making by stakeholders): The major objective has 
been to understand the relationship between risks, required profits and project feasibility as seen and 
judged from the perspective of different stakeholders involved in the decision making process for new 
investments. These insights has been translated for the dynamic market model into rules and ap-
proaches which (i) promote the growth of renewable energy, (ii) provide stable market conditions and 
(ii) take into account the position of various stakeholders. 

WP 3 - Impact of Policies (Evaluation of promotion strategies and barriers): The objective of this 
work package has been to identify and evaluate the appropriate policy instruments in place in EU 
Member States. These seek to (i) promote RES-E, (ii) support a more rational use of electricity (indus-
try, household and tertiary sectors), (iii) regulate conventional electricity production, and (d) control 
GHG emissions (taxes, emissions trading).  
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WP 4 - Trade-offs: The objectives of this work package have been to analyse the various interactions 
of different types of policy instruments and market conditions, society restrictions, stakeholder behav-
iour in a dynamic way, as well as the linkages between RES-E, CHP, conventional electricity genera-
tion and GHG-reduction, and to evaluate how new environmental markets, such as CO2 emission per-
mits/credits, may affect or overlap with the promotion of CHP and/or RES-E. In addition, a theoretical 
framework for the Green-X toolbox has been derived. 

WP 5 – Development of the Green-X toolbox: The toolbox has been developed, based on a formal 
framework, on the dynamic cost curves and on the determination of various promotion schemes 
gained in previous packages. The core element of this tool is the computer model aiming to maximise 
societal benefit for the EU. This allows a comparative, quantitative analysis of interactions between 
RES-E, conventional electricity and CHP generation, demand-side activities and GHG-reduction in the 
electricity sector, both within the EU as a whole and its Member States. The interactive dynamic simu-
lation model has been created on the basis of the existing static computer model ElGreen, developed 
for a previous EU project. In addition, a comprehensive database for various cost curves and CO2 re-
duction costs in the electricity sector (initiated in WP1) have been created and integrated within the 
new model.  

WP 6 – Recommendations for dynamic policies: Results and recommendations have been derived 
based on various simulations using the Green-X computer model and insights gained from the formal 
assessment model and the evaluation of current promotion schemes. The objective of this phase has 
been to integrate and update the results from the previous work packages and to extract dynamic pol-
icy recommendations for a European-wide enhanced introduction of RES for electricity generation, 
more efficient use of electricity including linkage to conventional electricity and GHG reduction meas-
ures. The Action Plan aims to help policy makers find a set of efficient and sustainable policies to inte-
grate RES-E with other EU related objectives, such as energy efficiency and climate change abate-
ment over time, and to help various stakeholders derive an economically efficient portfolio strategy in 
a liberalised electricity market under the constraints of RES-E development and GHG reduction.  

WP 7 – Conferences and Dissemination: The dissemination of the products, results and recommen-
dations is of high importance to reach the core objective of this project, i.e. the achievement of a signi-
ficant increase in the share of RES-E and a more rational generation and use of electricity.  

WP 8 – Management: The objective of the management work package has been to organise the 
whole project to ensure timely inputs and to disseminate information widely, including via the project 
web-site. 

 

 

1.3 Outline of this report 
This report is divided into 7 chapters. After a short introduction, explaining the motivation, the objective 
and the work programme of this project, chapter 2 gives a survey on different types of promotion 
strategies and policy instruments historically and currently applied within EU member states.  

The method of approach is explained in chapter 3. Firstly, the criteria used to evaluate the different 
policy schemes are defined. Secondly, the core product of this project, the Green-X computer model 
is presented in brief. Its structure and the methodology are elaborated and illustrative Figures provide 
an impression of how the model looks.  

Chapter 4 evaluates the different policy schemes in a dynamic framework and describes the effects of 
the policies – promotion of renewable energy sources for electricity generation (RES-E), climate 
change (emissions trading), demand side activities (DSM) and support of combined heat and power 
production (CHP) – with respect to RES and conventional electricity deployment, greenhouse-gas-
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emissions (GHG), electricity demand, market prices, generation costs and the transfer costs imposed 
on society.  

The trade offs of using RES-E policy instruments with the other policy schemes (climate change, 
DSM, CHP) are described in the chapter 5. 

The main results from simulations with the Green-X computer programme are presented in chapter 6, 
using two different targets: business as usual (BAU) and an ambitious RES-E target for 2020. To ana-
lyse the effects of the different policy instruments, these targets would be reached by applying differ-
ent support schemes. 

Finally, the main conclusions and recommendations resulting from this study are derived in chapter 7. 
It includes ‘action plans’ describing policy adjustments needed to implement the recommendations. 
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2 Survey of promotion strategies 
The environment and energy contexts have traditionally been a major focus of attention of EU and 
Member State (MS) policy. This attention has intensified in recent years, as a response to both inter-
nal and external events and strategies (e.g. the Kyoto Protocol). 

In this context, the EU and its MS have set ambitious goals in the environmental and energy policy 
realms. Although there might be conflicts between both policies, there are also interesting synergistic 
and reinforcing effects, which have significant policy implications. Actually, as stated in the Amsterdam 
Treaty, environmental protection is one of the major goals of energy policy (together with “security of 
supply” and “competitive energy systems”). The energy sector is instrumental in determining the suc-
cess or failure of environmental policy. 

The EU and its MS have a wide array of instruments at their disposal to achieve these goals. Particu-
larly, Demand Side Management (DSM) activities, promotion of electricity from renewable energy 
sources (RES-E) and measures aimed at the mitigation of Greenhouse Gas (GHG) emissions are ar-
guably three of the main instruments which have the potential to contribute to energy and environ-
mental goals.  

A brief overview of promotion strategies in these areas follows. Obviously, those instruments having 
the most direct influence on RES-E deployment are RES-E support schemes, and the use of these 
measures at both the EU and Member State levels is the main focus of the section below. 

 

2.1 RES-E Policy 
It is well known that RES-E requires public support in order to penetrate the electricity market. This 
has been recognised at the EU level and by the individual MS, which have been promoting RES-E for 
many years.  

At the EU level, a ’Directive of the European Parliament and the Council on the promotion of electricity 
from renewable energy sources in the internal electricity market (RES-E Directive)’ (European Parlia-
ment and Council, 2001 – Directive 2001/77/EC) was approved in 2001, setting targets for the de-
ployment of renewable electricity by 2010. In addition, the Directive states that, taking account of the 
wide diversity of promotion schemes between Member States, it is too early to set a Community-wide 
framework regarding support schemes. By 27th October 2005 the Commission should present a report 
on the experience gained with the application and coexistence of different support schemes in the 
Member States. The report may be accompanied by a proposal for a Community framework for RES 
support schemes (art.4.2).  

Therefore, at least in the short to medium term, support policies in Member States will continue to be 
crucial for the penetration of RES in the electricity market34. These policies can be classified according 
to different criteria (i.e., whether they affect demand or supply of RES-E or whether they support ca-
pacity or generation). Support schemes can be grouped in several categories – see also Table 2.1: 

• Investment incentives establish an incentive for the development of renewable energy projects as 
a percentage over total costs, or as an amount of Euros per installed kW. The levels of these in-
centives are usually technology-specific and may vary significantly between regions. 

• Feed-in Tariffs (FITs) are generation based fixed price incentives that usually take the form of ei-
ther a total price for renewable production, or an additional premium on top of the electricity mar-

                                                      
34 The ‘RES-E Directive’ also contains several prescriptions regarding mandatory guarantees of origin, ensuring 
grid access and reporting obligations. 
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ket price paid to RES-E producers. Besides the height of the tariff its guaranteed duration repre-
sents an important parameter for an appraisal of the actual financial incentive (compare for exam-
ple the case of Spain and Germany). Furthermore, feed-in tariffs easily allow technology-specific 
promotion as well as an acknowledgement of future cost-reductions by implementing decreasing 
tariffs. 

• Production tax incentives are generation-based price-driven mechanisms that work through pay-
ment exemptions of electricity taxes applied to all producers. This type of instrument differs from 
feed-in schemes in terms of the cash flow of RES-E producers, since it represents a minus cost 
instead of an additional income. 

• Tendering systems can either be investment-focussed or generation-based, but in both cases they 
are capacity-driven mechanisms. In the first case, a fixed amount of capacity to be installed is an-
nounced and contracts are given following a predefined bidding process, which offers winners a 
set of favourable investment conditions, including investment subsidies per installed kW. The gen-
eration based tendering systems work in a similar way. However, instead of providing one-time in-
vestment incentive, they offer a ‘bid price’ per kWh given to winner projects that may receive it 
through out the duration of the contract. 

• Quota obligations based on Tradable Green Certificates (TGCs) are generation-based capacity-
driven instruments. These instrument are usually implemented through government defined tar-
gets and obligations on consumers or suppliers of electricity. Once defined, a parallel market for 
renewable energy certificates is established and their price is set following demand and supply 
conditions (forced by the obligation). 

Besides these regulatory instruments voluntary approaches appear today which are mainly based on 
the willingness of consumers to pay premium rates for renewable energy. Nevertheless, so far in 
terms of effectiveness – i.e. actual installations resulting from their appliance – their impact on total 
RES-E development is negligible.  

 

Table 2.1 Classification of promotion strategies for RES-E 

  Price-driven Capacity-driven 

Investment focus-
sed 

• Rebates 

• Tax incentives 
• Tender systems  

Regulatory 

Generation based 
• Feed-in tariffs 

• Production tax incentives 

• Quotas (RPS) based on TGC 

• Tender systems 

Investment focus-
sed 

• Shareholder Programs 

• Contribution Programs Voluntary 
Generation based 
 • Green tariffs 

 

 

In the following section a short overview is given on currently implemented promotion strategies for 
RES-E in the EU-15 countries. Table 2.2 provides a brief overview on this topic – listing countries, 
promotion strategies and the technologies addressed. 
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Table 2.2 Current promotion strategies for RES-E in the EU-15 countries 
RES-E TECHNOLOGIES CONSIDERED  Major 

strategy Large 
Hydro Small Hydro ‘New’ RES (Wind on- & offshore, PV, Solar thermal electricity, 

Biomass, Biogas, Landfill gas, Sewage gas, Geothermal) 
Municipal 
Solid Waste 

Austria FITs No Renewable Energy Act 2003. (Ökostromgesetz). Technology-specific FITs guaranteed for 
13 years for plants which get all permissions between 1 January 2003 and 31 December 
2004 and, hence, start operation by the end of 2006. Investment subsidies mainly on 
regional level. 

FITs for waste 
with a high 
biodegrad-
able fraction 

Belgium Quota/TGC 
+ guaran-
teed elec-
tricity pur-
chase 

No Federal: The Royal Decree of 10 July 2002 (operational from 1st of July 2003) sets minimum prices for 
RES-E. Except for offshore wind it will be implemented by the regional authorities: Wallonia: Quota obliga-
tion (based on TGCs) on electricity suppliers – increasing from 3% in 2003 up to 12% in 2010. Flanders: 
Quota obligation (based on TGCs) on electricity suppliers – increasing from 3% (no MSW) in 2004 up to 6% 
in 2010. Brussels region: No support scheme yet implemented. 

Denmark FITs No Act on Payment for Green Electricity (Act 478): Fix settlement prices instead of former high 
FITs. Valid for 10 years. Tendering plans for offshore wind. 

No 

Finland Tax  
Exemption 

No Tax refund:  
4.2 € /MWh  
(plant <1MW) 

Mix of tax refund and investment subsidies:Tax refund of 6.9 €/MWh 
for Wind and of 4.2 €/MWh for other RES-E. Investment subsidies 
up to 40% for Wind and up to 30 % for other RES-E. 

Tax refund 
(2.5 €/MWh) 

France FITs No FITs for RES-E plant < 12 MW guaranteed for 15 years (20 years PV and Hydro). Tenders 
for plant >12 MW. FITs in more detail: Biomass: 49-61 €/MWh, Biogas: 46-58 €/MWh, Geo-
thermal: 76-79 €/MWh, PV: 152.5-305 €/MWh; Landfill gas: 45-57.2 €/MWh; Wind35: 30.5-
83.8 €/MWh; Hydro36: 54.9-61 €/MWh. Investment subsidies for PV, Biomass and Biogas 
(Biomass and Biogas PBEDL 2000-2006). 

FIT: 25.8-
47.2 €/MWh 

Germany FITs Only  
refur-
bishment 

German Renewable Energy Act: FITs guaranteed for 20 years37. In more detail, FITs for 
new installations (2004) are: Hydro: 37-76.7 €/MWh; Wind38: 55-91 €/MWh; Biomass & Bio-
gas: 84-195 €/MWh; Landfill-, Sewage- & Mine gas: 66.5-96.7 €/MWh; PV & Solar thermal 
electricity: 457-574 €/MWh; Geothermal: 71.6-150 €/MWh 

No 

Greece FITs +  
investment 
subsidies 

No FITs guaranteed for 10 years (at a level of 70-90% of the consumer electricity price)39 and 
a mix of other instruments:  a) Law 2601/98: Up to 40% investment subsidies combined 
with tax measures;  b) CSF III: Up to 50% investment subsidies depending on RES type 

No 

Ireland Tender No Tendering scheme – currently AER VI with technology bands and price caps for small Wind 
(<3 MW), large Wind (>3 MW), small Hydro (<5 MWp), Biomass, Biomass CHP and Bio-
gas. In addition, tax relief for investments in RES-E. 

No 

Italy Quota/TGC Quota obligation (based on TGCs) on electricity suppliers: 2.35% target (2004), increasing yearly up to 2008; TGC is-
sued for all (new) RES-E (incl. large Hydro and MSW) – with rolling redemption40; penalty in size of 84.2 €/MWh (2004) 
but market distortions appear41. Investment subsidies for PV (Italian Roof Top program). 

Luxembourg FITs No No FITs42 guaranteed for 10 years (PV: 20 years) and investment sub-
sidies for Wind, PV, Biomass and small Hydro. FITs for Wind, Bio-
mass and small Hydro: 25 €/MWh, for PV: 450 €/MWh.  

No 

Netherlands FITs + tax 
exemption 

 Mixed strategy: Green pricing, tax exemptions and FITs. The tax exemption for green elec-
tricity amounts 30 €/MWh and FITs guaranteed for 10 years range from 29 €/MWh (for 
mixed Biomass and waste streams) to 68 €/MWh for other RES-E (e.g. Wind offshore, PV, 
Small Hydro). 

No 

Portugal FITs +  
investment 
subsidies 

No FITs (Decree law 339-C/2001 and Decree law 168/99) and investment subsidies of roughly 
40% (Measure 2.5 (MAPE) within program for Economic Activities (POE)) for Wind, PV, 
Biomass, Small Hydro and Wave. FITs in 2003: Wind43: 43-83 €/MWh; Wave: 225 €/MWh; 
PV44:224-410 €/MWh, Small Hydro: 72 €/MWh  

No 

Spain FITs Depend-
ing on 
the plant 
size45 

 

FITs (Royal Decree 2818/1998): RES-E producer have the right to opt for a fixed price or 
for a premium tariff46. Both are adjusted by the government according to the variation in the 
average electricity sale price. In more detail (only premium, valid for plant < 50 MW): Wind: 
27 €/MWh; PV47: 180-360 €c/kWh, Small Hydro: 29 €/MWh, Biomass: 25-33 €/MWh. More-
over, soft loans and tax incentives (according to “Plan de Fomento de las Energías 
Renovables”) and investment subsidies on a regional level 

Premium FIT: 
17 €/MWh 

Sweden Quota/TGC No Quota obligation (based on TGC) on consumers: Increasing from 7.4% in 2003 up to 16.9% 
in 2010. For Wind Investment subsidies of 15% and additional small premium FITs (“Envi-
ronmental Bonus”48) are available. 

No 

United Kingdom Quota/TGC No Quota obligation (based on TGCs) for all RES-E: Increasing from 3% in 2003 up to 10.4% 
by 2010 – penalty set at 30.5 £/MWh. In addition to the TGC system, eligible RES-E are 
exempt from the Climate Change Levy certified by Levy Exemption Certificates (LEC’s), 
which cannot be separately traded from physical electricity. The current levy rate is 
4.3 £/MWh. Investment grants in the frame of different programs (e.g. Clear Skies Scheme, 
DTI´s Offshore Wind Capital Grant Scheme, the Energy Crops Scheme, Major PV Demon-
stration Program and the Scottish Community Renewable Initiative) 

No 

                                                      
35 Stepped FIT: 83.8 €/MWh for the first 5 years of operation and then between 30.5 and 83.8 €/MWh depending on the quality of site. 
36 Producers can choose between four different schemes. The figure shows the flat rate option. Within other schemes tariffs vary over time (peak/base etc.). 
37 The law includes a dynamic reduction of the FITs (for some RES-E options): For biomass 1% per year, for PV 5% per year, for wind 2% per year.  
38 Stepped FIT: In case of onshore wind 87 €/MWh for the first 5 years of operation and then between 55 and 87 €/MWh depending on the quality of site. 
39 Depending on location (islands or mainland) and type of producer (independent power producers or utilities) 
40 In general only plant put in operation after 1st of April 1999 are allowed to receive TGCs for their produced green electricity. Moreover, this allowance is lim-
ited to the first 8 years of operation (rolling redemption). 
41 GRTN (Italian Transmission System Operator) influences strongly the certificates market selling its own certificates at a regulated price – namely at a price 
set by law as the average of the extra prices paid to acquire electricity from RES-E plant under the former FIT-programme (CIP6). 
42 Only valid for plants up to 3 MW (except PV: limited to 50 kW). 
43 Stepped FIT depending on the quality of the site. 
44 Depending on the size: <5kW: 420 €/MWh or >5kW: 224 €/MWh. 
45 Hydropower plant with a size between 10 and 50 MW receive a premium FIT of 6-29 €/MWh depending on the plant size. 
46 In case of a premium tariff, RES-E generators earn in addition to the (compared to fixed rate lower) premium tariff the revenues from the selling of their 
electricity on the power market. 
47 Depending on the plant size: <5kW: 360 €/MWh or >5kW: 180 €/MWh 
48 Decreasing gradually down to zero in 2007 
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Almost all countries have implemented some type of investment subsidy for technologies in their early 
phase of development, such as tidal stream and wave energy, photovoltaics, solar thermal electricity 
or offshore wind. 

The most widespread mechanism promoting renewables production has traditionally been the so-
called feed-in tariff systems. The countries that have been more successful in deploying  
RES-E are characterised by relatively high (feed-in) incentive-levels and long-term stable frameworks 
(Germany, Denmark & Spain are good examples in the development of wind energy). 

Tax incentives are applied in Finland, Netherlands and the UK. In Finland the tax break works almost 
as a feed-in scheme reducing the real cost of renewables significantly. In the Netherlands and the UK, 
the tax break is a small part of a broader scheme. In the first case, the tax reduction provides a “minus 
cost” of about 20 €/MWh to renewable producers, which in combination with the feed-in scheme repre-
sents the basic renewables incentive. In the case of the UK, the Climate Change Levy provides some 
6.3 €/MWh exemption to renewable producers in addition to the revenues from the TGC system. 

Tendering systems have been applied in France for onshore wind projects, and are currently applied 
in Ireland through the AER scheme. According to recent discussions in Denmark and France, it is 
planned to reapply this type of instrument for offshore wind projects.  

Finally, quota systems based on Tradable Green Certificates (TGCs) schemes are applied in the UK 
(replacing the NFFO tendering system), Belgium, Italy and Sweden. 

The reasons behind this apparent variety have been explored to different degrees and include:  

• Technology and country specificity – different stages of development and costs, differing local re-
source conditions.  

• Political willingness and coherence – countries which have undergone past liberalisations and are 
embedded into market oriented policies (UK, Ireland) are prone to apply capacity-driven schemes 
as quotas based on TGCs; and,  

• Unlevelled electricity markets – Important differences appear when analysing the individual EU15 
electricity markets in terms of their work-arrangements, institutional set-ups and fiscal schemes 
(heterogeneous energy tax levels). 

From a technological point-of-view, RES-E options that receive greater attention in the EU15 are: 
wind, photovoltaics, small hydro and biomass in its different forms. 

 

2.2 GHG policy 
The EU has committed itself to reducing its GHG emissions by 8% from the 1990 base year level in 
the first commitment period 2008–2012 of the Kyoto Protocol, with differentiated commitments per 
Member State. The Kyoto Protocol (KP) was ratified by the EU and its Member States on 31 May 
2002. Thereby, according to its Article 4, a single ‘bubble’ was formed for the EU in total – i.e. it allows 
EU countries to share their joint commitments differently from the common target. Accordingly, under 
the Burden Sharing Agreement (BSA), which became legally binding for the Member States with EU’s 
ratification of the Kyoto Protocol, the 8% target was shared between the 15 Member States, allowing 
some countries to increase their emissions and obliging others to reduce. 

Although the entering into force of the Kyoto Protocol is pending on Russian ratification, the EU has 
continued to take the lead in GHG mitigation and has approved a Directive establishing a European 
Emission Trading Scheme (EU ETS) (European Parliament and Council, 2003 – Directive 
2003/87/EC). The EU ETS covers carbon dioxide emissions from large stationary sources including 
power and heat generators, oil refineries, ferrous metals, cement, lime, glass and ceramic materials, 
and pulp and paper. It is estimated that these sources will emit 46% of the Community’s carbon diox-
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ide emissions in 2010. A linking Directive approved in April 2004 allows the use of CDM credits 
(CERs) to be used to comply with the targets established for the EU ETS in the first commitment pe-
riod (2005-2007). However, the long lead times of CDM projects and the risks and transaction costs 
which discourage their realisation makes it unlikely that they will make a large contribution to compli-
ance with the Directive’s targets. The relatively generous allowance allocations of National Allocation 
Plans also support to this conclusion.  

The EU ETS will coexist with measures taken by MS to mitigate GHG in sectors included and not in-
cluded in the Directive with the aim to comply with the BSA commitments. In general, these measures 
can be grouped in two categories: cross-cutting and sectoral measures. The latter applies only to one 
sector (e.g. energy transformation, manufacturing and construction, transport, residential and service, 
industrial processes, agriculture and waste). The former applies to more than one sector49.  

Although different emphasis may be given to certain policies in different MS, there seems to be a 
common pattern in the sectoral measures applied. In general, MS policies to tackle climate change 
rely mostly on measures for the mitigation of emissions in the energy sector. Some measures referring 
to the energy sector can be regarded also as cross-cutting measures, since they may have an impact 
on the emissions of more than one sector (e.g. industry and residential sectors). 

Widely used planned or implemented measures include50: 

• Energy. Promotion of renewable energy, investment support (tax reductions, subsidies, R&D sup-
port) for energy efficiency, information and awareness measures aimed at reduction of energy 
demand and energy efficiency (demonstration projects) and voluntary agreements with energy-
intensive industries in order to optimise energy efficiency (or cost-efficient GHG reductions) in sev-
eral sectors. 

• Industry. Measures aimed at energy savings and efficiency (investment support, voluntary agree-
ments, etc.), actions to reduce nitrous oxide and to limit fluoride gas emissions, measures aimed 
at reduction of non-energy related emissions and implementation of BATs in the context of the 
IPPC Directive. 

• Building, commercial and residential sectors: energy savings and energy conservation, increased 
energy efficiency for public buildings, insulation standards for buildings (ordinances...), increased 
energy efficiency of household appliances and labelling schemes. 

• Transport: promotion and improvement of public transport (multimodal systems), fiscal incentives 
for low fuel consumption vehicles, promotion of biofuels, increased fiscal pressure on private 
transport aimed at internalisation of external costs of road transport / private traffic, promotion of 
economic driving, public awareness raising measures aimed at reduction of individual private traf-
fic, speed limits and spatial / physical transport planning to reduce traffic. These measures should 
be effective in order to mitigate the emissions from this sector, which are forecast to show the 
highest growth rate in the following decade.  

• Agriculture and forestry. Measures to reduce methane and NOX emissions, actions to reduce the 
factors of production and to improve farming practices, production of biofuels, promotion of refor-

                                                      
49 The report “Integrated policy analysis of demand side energy efficiency & CHP, GHG and RES-E schemes in 
EU 15 countries” (Del Rio et.al., 2004) as composed within work package 3 of the project Green-X provides a de-
tailed description of these policies per MS and sector. Of course, it has to be taken into account that no review of 
national policies and measures to mitigate climate change can ever be complete due to the ever evolving nature 
of policy development and that some measures specifically aim at GHG mitigation, whilst many others reduce 
GHG emissions only as a secondary effect. 
50 Of course, not all these measures are specifically aimed at GHG mitigation but they certainly affect GHG emis-
sions. 
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estation and forest conservation (grants), maintenance and enhancement of diversity, productivity, 
regeneration capacity and vitality of forests. 

• Waste Management. Reduction of disposal of waste on landfills, promotion of waste recycling and 
waste recovery. 

In contrast to sectoral measures, the implementation of cross-cutting measures differs by country. 
Austria, Denmark, Finland, France, Germany, Italy, the Netherlands, Sweden and UK have relied on 
the implementation of some form of energy/carbon tax (although the link with the carbon content of 
energy is sometimes weak). Voluntary agreements now exist in most countries (Netherlands, Ger-
many, Spain, Finland, France, Belgium, Ireland and Italy) while only Denmark and UK have imple-
mented a domestic emission trading scheme.  

Apart from the EU ETS, some of these policies (i.e. environmental taxes) may significantly affect  
RES-E deployment in the EU. 

 

 

2.3 Demand Side Energy Efficiency Policy & CHP 
In a context of growing global energy demand, energy efficiency plays a crucial role in the transition 
towards sustainable development. Efficiency does not only depend on the quantity of energy being 
supplied by the product but, also, on the effectiveness of the service which is being demanded 
(through a process which transforms the fuel into heat or electricity). Therefore, fuel demand depends 
on the final use of energy, which determines the degree of substitution between factors of production. 
Thereby, the concept of energy service allows us to link energy demand and supply. This link is es-
sential to reach a sustainable consumption. Therefore, it is necessary to improve the energy efficiency 
not only within the chain of energy supply but, also, according to the energy being demanded. 

Table 2.3 shows the most relevant measures and standards applied to improve the energy efficiency 
at EU level. 

Table 2.3 Major energy efficiency measures at the EU level 

Climate Change 

• Directive 3/76  
• Decision April 25th 2002 
• Directive 2003/87/EC  

2.3.1.1.1.1.1 Energy efficiency 

• COM 1998  
• Decision 647/2000 (further at the back in the text) 
• COM 2000 (247) 
• Directive 2000/55/CE  
• Decision 2001/469  

2.3.1.1.1.1.2 Energy performance 

• Directive 92/42  
• Directive 96/57  
• Directive 2003/66 

2.3.1.1.1.1.3 CHP 

• CHP Directive (COM 2002 (415)) 
 

A wide range of initiatives have been taken at the Member State level to improve energy efficiency 
and introduce CHP over the last decades (especially during the 1990s). These measures have been 
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taken in the industrial, household and tertiary sectors. An analysis of the policies included in the 
MURE II Data Base reveals that more than 1100 measures have been adopted by the MS aiming at 
energy efficiency improvement in the period 1970 to 2004.  

Policy instruments can be classified into four main categories:  
• education / information / training; 
• financial / fiscal; 
• legislation;  
• others.  

Strategies adopted by policy makers seem to have been mostly concentrated in the household sector. 
While in both the household and tertiary sector the predominant policies were those related to legisla-
tion, it can be observed that financial / fiscal measures were merely the predominant strategy among 
the industrial sector. For more details, see Del Rio et. al. (2004).  

Regarding the technology / uses affected by the policy, the measures in the MURE II Database can be 
classified in several categories: specific sector appliances (in the case of households these include 
measures concerning appliances, in industry and the tertiary sectors other sector-specific issues such 
as motors and drivers, compressed air and process integration were also included), spatial tempera-
ture (including measures that were classified as heating, space heating, ventilation and conditioning, 
high and low temperature and refrigeration), hot water (including sanitary hot water), lighting and CHP. 
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3 Method of approach 

3.1 Evaluation criteria 
The evaluation of the various promotion instruments for RES-E will be based on the selection criteria 
described below. It must be kept in mind that such instruments have to be effective for increasing the 
penetration of RES-E and efficient with respect to minimising the resulting public costs (transfer cost 
for society) over time. The criteria used for the evaluation of various instruments are based on the fol-
lowing conditions: 

• Minimise generation costs 
This aim is fulfilled if total RES-E generation costs (GC) are minimised. In other words, the system 
should provide incentives for investors to choose technologies, sizes and sites so that generation 
costs are minimised. 

• Lower producer profits 
If such cost-efficient systems are found, – in a second step – various options should be evaluated 
with the aim to minimise transfer costs for Consumer / society.51 This means that feed-in tariffs, 
subsidies or trading systems should be designed in a way that public transfer payments are also 
minimised. This implies lowering producer surplus (PS)52. 

 

quantity
[MWh]

price, costs
[EURO/MWh]

Market clearing
price = price of

certificate

MC

Quota Q

pC

MC ... marginal 
generation costs

pC ... market price for 
(conventional) 
electricity

pMC ... Marginal price 
for green 
electricity (due to
quota obligation)

pMC

Generation Costs (GC)

Producer surplus (PS)

Transfer costs for consumer 
(additional costs for society) = PS + GC – pC * Q

 
Figure 3.1 Basic definitions of the cost elements (illustrated for a TGC system) 

                                                      
51 Transfer costs for consumer / society (sometimes also called additional / premium costs for society in this re-
port) are defined as direct premium financial transfer costs from the consumer to the producer due to the RES-E 
policy compared to the case that consumers would purchase conventional electricity from the power market. This 
means that these costs do not consider any indirect costs or externalities (environmental benefits, change of em-
ployment, etc.). The transfer costs for society are either expressed in Mio €/yr or related to the total electricity 
consumption. In the later case the premium costs refer to each MWh of electricity consumed. 
52 The producer surplus is defined as the profit of the green electricity generators. If for example, a green producer 
receives a feed-in tariff of 60 € for each MWh of electricity he sells and his generation costs are 40 €/MWh, the re-
sulting profit would be 20 € for each MWh. The sum of the profits of all green generators defines the producer 
surplus. 
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In some cases both goals – minimise generation costs and producer surplus – may not be reached 
together so compromise solutions must be found. For a better illustration of the used cost definitions 
the various cost elements are expressed in Figure 3.1. 

 

 

3.2 The computer programme Green-X  
The evaluation of the different promotion policy strategies and their trade-offs with other instruments 
and policies is based on both theoretical analysis carried out within the project Green-X and the calcu-
lations made with the help of the computer model Green-X. Before these results are presented, the 
computer programme Green-X is briefly described.53  

 

3.2.1 Overview of the computer model Green-X 
The Green-X computer model is the core product of the project Green-X. It is an independent com-
puter programme and has been developed with Microsoft Visual Basic as the programming tool and 
Microsoft Access as the database. Necessary requirements to run the computer programme Green-X 
are Microsoft Windows, Microsoft Office XP (and later).  

The Green-X computer model allows to simulate different scenarios, which enable a comparative and 
quantitative analysis of the interactions between RES-E, CHP, DSM activities and GHG-reduction 
within the liberalised electricity sector both for the EU as a whole and individual EU 15 Member 
States54 over time.  

The general modelling approach to describe both supply-side electricity generation technologies and 
electricity demand reduction options is to derive dynamic cost-resource curves for each generation 
and reduction option in the investigated region. Dynamic cost curves are characterised by the fact that 
the costs as well as the potential for electricity generation / demand reduction can change year by 
year. The magnitude of these changes is given endogenously in the model, i.e. the difference in the 
values compared to the previous year depends on the outcome of this year and the (policy) framework 
conditions set for the simulation year. The equilibrium level of the dynamic cost-resource curves for 
both supply and demand in each market segment on an annual basis provides the model outputs.  

Figure 3.2 gives an overview of the core elements of the Green-X model. In the following section the 
individual components will be described in brief. 

                                                      
53 Please note, the following characterisation of the Green-X toolbox refers to the extended version as developed 
within the project Green-X for in-depth analysis as described in the following chapters.  

For the interested user, a public version is available at the end of the research project in October 2004. This ver-
sion – in contrary to the extended version – is characterised by its clear focus on renewable energy sources. This 
includes a tool to calculate the impact of various promotion strategies on the development rates of RES-E, and a 
cost assessment (generation costs, costs for customers) of various strategies is available in its full function. Other 
uses of the extended Green-X version, such as for analysing interactions of RES-E with the conventional power 
market, demand-side measures, CHP strategies, complex climate change strategies, and electricity flows (import / 
export balances) within a liberalised power market considering grid restrictions are not applicable in all details as 
they require in-depth knowledge on the modelling behind to undertake the necessary settings. Instead the user 
can select between various default cases (regarding conventional power market, impact of GHG-emission trading, 
etc.). 
54 In the near future, it is planned to extend the geographical coverage of the model to the 10 new Member States, 
the candidate countries Bulgaria and Romania as well as Switzerland and Norway. A possible further extension to 
other neighbouring countries such as, e.g. the Balkan states and Turkey seems likely later-on. 
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Figure 3.2 Overview on the computer model Green-X 

 

3.2.2 General database 
A comprehensive database is required to carry out a detailed country- and technology-specific impact 
analysis of different policies. The database covers potentials and costs most important electricity gen-
eration technologies, both from renewable energy sources for electricity generation (RES-E) and con-
ventional plants within each EU 15 Member State as well as sector-specific options to reduce electric-
ity demand.  

In the Green-X toolbox it is assumed that most of the parameters (data) are not constant within one 
country and one technology respectively. Therefore, technologies are split into “bands”, which are 
characterised by similar economic characteristics, such as 
• the same fuel input, e.g. solid biomass: forestry products (wood), forestry residues (bark, sawmill 

by-products), agricultural products (energy crops), agricultural residues (straw etc.), biogenic frac-
tion of waste (MSW+ISW), 

• the same sub-technology and energy efficiency categories, e.g. photovoltaics systems: facade in-
tegrated systems, roof system, 

• the same range of full-load hours, e.g. wind energy onshore: 2600 h/a, 2500 h/a, 2400 h/a, 
2100 h/a, …. , 1500 h/a. 

• the same range of plant-sizes, e.g. biomass: small-, medium- and large-scale plant. 

 

Supply-technology database 

To meet all necessary requirements, as background data a comprehensive supply-technology data-
base covers the most important parameters for both existing plants and possible new options. The da-
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tabase contains data to determine electricity generation costs and the potential for this generation at 
band (plant) level for pure electricity and combined heat and power plants for each of the EU 15 Mem-
ber States. In order to obtain results which are consistent with the classification according to the  
RES-E Directive, similar technology groups and sub-groups are used. This means that renewable en-
ergy sources for electricity generation (RES-E) are divided into 10 RE technologies split into 17 sub-
technologies in the database.  

The database for conventional power plants is split according to the primary energy carriers (hard coal 
and lignite, oil, gas and nuclear). To derive a precise cost-resource curve, an additional distinction is 
made for each fuel input category according to the conversion technology applicable to the corre-
sponding primary energy carrier. Generally speaking, these are combined cycle gas turbine, gas en-
gine, gas turbine (open- and closed cycle), steam turbine (split into sub-critical and over-critical), fluid-
ised bed combustion, internal gasification combined cycle and internal combustion engine. Table 3.1 
summarises the available technologies on the supply side.  

The following key information is available in the supply technology database.  

• construction year of existing plants 

• electricity / heat generation of existing plants 

• long-term potential (year 2020) of electricity / heat generation from new plants 

• full-load hours electricity / heat generation 

• efficiency electricity / heat generation  

• current investment costs 

• current operation and maintenance costs 

• specific CO2 emissions 

 

Table 3.1 Considered technologies for pure electricity as well as and combined heat and power 
generation (if technically feasible) 

RES-E technologies Conventional electricity technologies 
Biogas Coal and coal products 
Biomass Hard coal 

Forestry products (wood),  Lignite / brown / peat coal 
Forestry residues (bark, sawmill by-products etc.),  Liquid fuel and refinery gas 
Agricultural products (energy crops),  Natural gas and gas work gas 
Agricultural residues (straw etc.),  Nuclear power plants 
Biogenic fraction of waste (MSW+ISW)   

Geothermal electricity  
Hydro power  

Small scale hydro power (<10 MW)  
Large scale hydro power (>10 MW)  

Landfill gas  
Sewage gas  
Solar  

Photovoltaics  
Solar thermal electricity  

Tidal energy  
Wave energy  
Wind  

Wind on-shore  
Wind off-shore  
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Electricity demand reduction database 

The background database for the Green-X model with respect to electricity saving options is based on 
existing information, such as on the MURE-II database, the IKARUS database and extended to the 
assessment of costs for energy saving options. It contains information for the three sectors of industry, 
households and tertiary, thus covering almost all areas of an economy. Each sector is divided into a 
number of different sub-sectors, see Table 3.2.  

In contrast to the supply side, only data for new DSM options are necessary on the demand side. Key 
information per sub-technology and sector are: 

• investment costs for standard and energy saving technologies 

• operation and maintenance costs for standard and energy saving technologies 

• electrical efficiency standards for standard and energy saving technologies 

• full-load hours for standard and energy saving technologies 

• lifetime expectancy for standard and energy saving technologies 

• mid-term energy saving potential of energy saving technologies compared to standard technolo-
gies 

The database containing information with respect to costs and potentials for electricity supply and 
electricity saving options is independent from the simulated scenario, i.e. data is used independent of 
the chosen scenario setting. In contrast, other important input parameters depend on the selected 
scenario. This means the user can select the framework conditions depending on the specific case to 
be analysed. These parameters are analysed in the following way.  

 

Table 3.2 Considered sectors and sub-sectors for energy saving options  

Industry Household Tertiary 
Cement Clothes dryers Commercial offices 
Ceramics Dishwashers Education 
Chemicals Freezers Health 
Dairies Lighting Hotels and catering 
Engineering Refrigerators Distribution and warehousing 
Foundries Television Public building 
Glass and glass products Washing Retail 
Iron & steel  Sports and leisure 
Non-ferrous metals   
Other industries   

 

3.2.3 Framework conditions / exogenous inputs 
Two major items are required as scenario-dependent model inputs, namely primary energy prices and 
electricity demand forecasts, both in a dynamic context. These parameters depend on the macro-
economic development and are exogenously given in the Green-X model – included in the back-
ground database as time-series.  

In more detail, primary energy prices forecasts up to 2020 are needed for all fossil and nuclear fuel-
based supply-side generation options on a country-level. Default figures are available for both bio-
genic and fossil fuels in the database of the model Green-X. The price forecasts for biogenic energy 
sources are based on an assessment conducted within the Green-X project. Fuel Price forecasts for 
fossil energy have been extracted from the WETO study (WETO, 2003) and the European Energy 
Outlook 2003 (Mantzos et. al. 2003) 



Final Report of the project Green-X  17 

    

With respect to electricity demand, a default forecast of the gross national electricity demand has to be 
provided as a model input for the whole investigation-period (i.e. up to 2020). The forecasts are based 
on two different scenarios (baseline and energy efficiency) made within the Europen Energy Outlook 
2003 (Mantzos et. al. 2003a, b). By applying DSM strategies, default figures will be endogenously 
adapted. 

 

3.2.4 Social and investor behaviour  
The impact of both consumer and investor behaviour is, to a certain extend, integrated in the Green-X 
computer model.  

With respect to the consumer, the willingness to pay for green electricity products like labelling for 
RES-E (Green Certificates), and combined heat and power is considered. In addition, the price elastic-
ity – determining the reaction of the consumer on electricity price changes with changes in their de-
mand – can be adjusted in the model.  

Another important issue in the model Green-X refers to the investor behaviour. The decision of stake-
holders, whether to invest or not into a certain technology depends on in the stability of the planning 
horizon, the kind of promotion instrument (variation in risk premium) and the technology itself. These 
parameters are considered by determining the weighted average costs of capital (WACC) in the 
Green-X model.  

For both consumer and investor behaviour, parameters characterising their behaviour are available as 
time series in the database.  

 

3.2.5 Policy setting 
The setting of the policy instruments represents, beside above explained supply-side and demand-
side structural database, the major input for the dynamic simulation model. In more detail, instruments 
are categorised as follows: 

• General taxes including: 

– Energy taxes (to be applied to: electricity, heat, lignite / brown coal, hard coal, gas, fuel oil) 

– Environmental taxes on CO2-emissions  

• Promotion instruments for RES and conventional options in the field of electricity generation - in-
cluding: 

– Price-driven strategies (feed-in tariffs, tax incentives, investment subsidies, subsidies on fuel 
input) 

– Demand-driven strategies (Quota obligations based on tradable green certificates (including 
international trade), tendering schemes) 

Note, all instruments can be applied to all RES and conventional options separately. In addition, 
separate settings can be selected for combined heat and power. With respect to nuclear power 
plants pre-defined phase-out scenarios can be also investigated. 

• Demand-Side-Measures (DSM): Instruments to reduce the demand for electricity (i.e. quota obli-
gations, tax incentives, investment subsidies) can be applied on a sectoral level, i.e. for industry, 
tertiary (public and private) and household sector (single and multi-family dwellings) 

• Climate Policy: Trading of emission allowances on both the national and international level can be 
analysed. 
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Thereby, various instrument-specific parameters have to be defined, such as for example, in the case 
of a quota obligation the reference point of the quota (as share of total demand or generation), the im-
posed penalty in the case of non-compliance with the quota, etc.  

Note, all instruments can be set for each country individually. Furthermore, all settings can be 
changed in a dynamic context (i.e. for each year of the simulation). Of course, all default settings refer 
to currently implemented energy policy strategies (business-as-usual).  

 

3.2.6 Development of the dynamic cost-resource curve  
The general modelling approach to describe both supply-side electricity generation technologies and 
electricity demand reduction options is to derive dynamic cost-resource curves for each generation 
and reduction option in the investigated region. Dynamic cost curves are characterised by the fact that 
the costs as well as the potential for electricity generation / demand reduction can change year by 
year. The magnitude of these changes is given endogenously in the model, i.e. the difference in the 
values compared to the previous year depends on the outcome of that year and the (policy) frame-
work conditions set for the simulation year. In principle, the approach is carried out in three steps: 

• The development of static cost-resource curves for each generation and demand reduction option, 
on a technology and country-level;  

• The dynamic assessment, including a dynamic assessment of costs as well as of potential restric-
tions, in order to derive annual dynamic cost-resource curves. 

• The derivation of the dynamic cost-resource curve. 

In the following, the individual steps are described in more detail.  

 

3.2.6.1 Static cost-resource curve 

A static cost-resource curve describes the relationship between (categories of) technical available po-
tentials (for example wind energy generation, demand reduction from lighting) and the corresponding 
(full) costs of utilisation of this potential at this point-of-time. This means, that no dynamic effects are 
included in static cost-resource curves.  

On the supply side a distinction between already existing plants and potentially new ones must be 
made. For existing plants, the economic conditions are given by the short-term marginal costs and the 
generation potential is given by the installed capacity times the full-load hours. For new plants the 
long-run marginal costs are relevant. With respect to the potentials, realisable additional mid-term po-
tentials have been assessed for each RES and conventional generation category by country. They 
represent the maximal additional achievable potential up to the year 2020 assuming that all existing 
barriers can be overcome in a dynamic context and all driving forces are active. 

The static cost curve on the demand side is characterised by the electricity price level at which it is ra-
tional to use energy saving technologies compared to a standard technology as well as the long-term 
potential of electricity saving. 

In the Green-X computer model, for both supply and demand, stepped cost-resource curves are ap-
plied. For illustration purpose, on the left-hand side of Figure 3.3 a theoretically ideal continuous static 
cost-resource curve for the supply side is depicted, taking into account that every location is slightly 
different from each other and, hence, looking at all locations e.g. for wind energy in a certain geo-
graphic area, a continuous curve emerges after these potentials have been classified and sorted in a 
least cost way. The stepped function, as shown on the right-hand side of Figure 3.3, represents a 
more practical approach. Thereby, sites with similar economic characteristics (e.g. in case of wind, 
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sites with same range of full-load hours) are described by one band and, hence, a stepped curve 
emerges.  

 

band 1

costs

potential

band 2
band 3

costs

potential

Static cost-resource curve
costs = f (potential); t = constant

continuous function stepped (discrete) function

 
Figure 3.3 Characteristic run of a static cost-resource curve: Continuous (left-hand side) and 

stepped function (right-hand side)  

 

3.2.6.2 Dynamic assessment 

Dynamics are reflected within the model Green-X on an annual basis. For existing electricity plants 
and energy saving equipment dynamics is – beside dynamic operation and maintenance costs (fuel 
prices changes over time according to the selected scenario) – restricted to decommissioning activi-
ties of power plants at the end of their lifetime and exchange of energy saving applications, respec-
tively.  

For new power plants, dynamic costs and potential information must be derived considering:  

• the selected policy instruments;  

• investor and social behaviour; 

• general framework conditions.  

In order to derive dynamic cost-resource curves for each year, a dynamic assessment of the previ-
ously described static cost-resource curves is undertaken. It consists of two parts: the dynamic cost 
assessment and the application of dynamic restrictions. 

 

Dynamic cost assessment 

Forecasting technological development is a crucial activity, especially for the long time horizon. Con-
siderable efforts have been made recently to improve the modelling of technology development in en-
ergy models. A rather ‘conventional’ approach relies exclusively on exogenous forecasts based on 
expert judgements of technology development (e.g. efficiency improvements) and economic perform-
ance (e.g. described by investment and O&M-costs). Recently, within the scientific community, this 
has often been replaced by a description of technology-based cost dynamics which allow endogenous 
forecasts, at least to some extent, of technological change in energy models. This approach of so-
called technological learning or experience / learning curves takes into account the ‘learning by doing’ 
effect.  

In general, experience curves describe how costs decline with cumulative production. In this context, 
the latter is used as an indication for the accumulated experience gained in producing and applying a 
certain technology. In many cases empirical analysis have proven that costs decline by a constant 
percentage with each doubling of the units produced or installed, respectively. In Figure 3.4 the char-
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acteristic run of an experience curve is illustrated: As indicated, by plotting such a curve on a log-log 
scale, a straight line occurs. Thereby, the gradient of the line reflects the corresponding learning rate.  
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Figure 3.4 Characteristic run of an experience curve: On a linear (left-hand side) and on a log-log 

scale (right-hand side)  

Note: Parameter settings: LR=15%, C0=100. 

 
The chosen approach within the model Green-X differs by technology. Generally, the model includes 
these two different approaches – standard cost forecasts or endogenous technological learning. De-
fault settings have been applied as follows: 

• For a set of RE technologies like, e.g. wind power or PV, it was decided to adopt the approach of 
technological learning. Learning rates were assumed at least for each decade separately referring 
to the global development of the considered technology.55  

• For conventional power generation technologies as well as some RE technologies, it was decided 
to adopt well-accepted expert judgements to establish a standard cost forecast. 

 
Dynamic potential assessment 

To derive realisable potentials for each single year of the simulation, dynamic restrictions are applied 
to the predefined additional realisable mid-term potentials. Thereby, a complex procedure is used, 
which differs by considered restriction. Default figures which can be adapted within the model, are de-
rived from an in-depth assessment of the historical development of the various RES and conventional 
generation technologies and the corresponding barriers, which are categorised as follows:  

• Social barriers:  
Social acceptance of additional electricity generation represents an important parameter influenc-
ing the penetration of different technologies. In general, a decreasing social acceptance can be 
observed if penetration of a specific technology increases.56 For all generation options social ac-
ceptance is considered to be technology specific and will vary form region to region in a country. 

                                                      
55 The existence of a global learning system is preconditioned – i.e. the future development of investment and 
O&M-costs is pending on the worldwide deployment of the technology. Accordingly, the scenario-specific penetra-
tion within all investigated EU 15 countries as given endogenously and for the rest of the world external forecasts 
(as given by (IEA, 2004)) are summed up to determine the global development in terms of installed capacities 
year by year.  
56 Note, however that this generally only applies once a certain threshold number of schemes have been installed, 
as below this level there is likely to be a tendency for low social acceptance for unfamiliar technologies.  
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Figure 3.5 illustrates the constraint for different barrier levels, which can be edited within the 
model.  

• Technical barrier:  
For the integration of certain decentralised capacity, e.g. wind power, the existing grid represents 
an important barrier. Grid restrictions lead to longer project lead times and are considered within 
the Green-X model as technology specific dynamic limitations of the yearly realisable potential on 
a local (i.e. band) level. As with social barriers, technical obstacles increase with the additional 
deployment.  
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Figure 3.5 Yearly realisable potential due to social restriction, assuming different barrier levels - 

low barrier if bS is high, high barrier if bS is low (left-hand side) and resulting maximal 
deployment of the additional available potential due to social restriction  
(right-hand side) 

 

• Market and administrative constraints:  
The maturity of the market represents is one of the key issues influencing the penetration of a 
technology in the future. In accordance with general diffusion theory, penetration of a market by 
any new commodity typically follows an ‘S-curve’ pattern, see Figure 3.6. The evolution is charac-
terised by a growth, which is nearly exponential at the start and linear at half penetration before it 
saturates at the maximum penetration level. With regards to the technical estimate of the logistic 
curve, a novel method has been employed by a simple transformation of the logistic curve from a 
temporal evolution of the market penetration of a technology to a linear relation between annual 
penetration and growth rates. This novel procedure for estimating the precise form of the logistic 
curve is more robust against uncertainties in the historic data. Furthermore, this method allows the 
determination of the independent parameters of the logistic function by means of simple linear re-
gression instead of nonlinear fits involving the problem of local minima, etc. 

In general, market barriers are closely linked to administrative barriers described above and, 
hence, are described within the model Green-X by one specific indicator on a country-level. 

The actual technology-specific growth rates of the market are derived by an econometric analysis 
conducted for each country and RES-E technology within the EU projects ‘FORRES 2020’ and 
Green-X. For each RES-E category the ‘best practise’ market curve is characterised by those 
(two) countries with the best performance.  
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Figure 3.6 ‘S-curve’ pattern: Market penetration of a new commodity 
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Figure 3.7 Yearly realisable potential due to market and administration restriction, assuming dif-

ferent barrier levels - low barrier if bM is high, high barrier if bM is low (left-hand side) 
and resulting maximal deployment of the additional available potential due to social 
restriction (right-hand side) 

 

Figure 3.7 illustrates the applied approach for different barrier levels: On the left-hand side result-
ing yearly realisable potential in relation to the applied barrier level and on the right-hand side re-
lated deployment – in case that no other constraint would exist – is depicted. 

• Industrial barriers:  
In general, the availability of a certain production technology in one country depends on the total 
global demand. For example, if the (policy-driven) demand for a certain technology, for example 
wind power plant, would increase rapidly at the international level, then a bottleneck situation 
might occur with respect to the industrial production of wind turbines. As a result less capacity 
could be installed also on a country-level. The limitation of a certain technology is considered in 
Green-X on an international level. 

The actual available yearly potential is obtained by combining the different barriers on the band, coun-
try and international level. This means, depending on the already achieved deployment rate, different 
barriers limit the additional yearly available potential.  

The assessment on the demand-side is less complex compared to the supply side, because the exist-
ing barriers and obstacles are given exogenously in the model Green-X, i.e. they are not derived 
within the simulation process. Nevertheless, yearly dynamic restrictions of the total technology specific 
energy saving potentials can vary over time and depend on the already additionally achieved potential 
of this certain technology in the sector and country. 
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3.2.6.3 Dynamic cost-resource curve 

The technology and country-specific dynamic cost-resources for the simulation year are derived by 
combining the static cost-resource curves with the dynamic assessment. This dynamic cost-resource 
curve on the supply side contains information about actual generation costs and the possible potential 
for electricity generation for various technologies for the simulation year. Figure 3.8 illustrates this pro-
cedure for one technology on the supply side.  

Similarly, a dynamic cost-resource curve on the demand side contains technology specific information 
about the electricity price level, at which it is cost efficient to use electricity saving technologies and 
the possible potential for electricity demand reduction for the simulated year. 

 

TheThe GreenGreen--XX approach: approach: 
costcost--resource curvesresource curves

Potentials
•by RES-E technology (by band)
•by country

Costs of electricity
•by RES-E technology (by band)
•by country
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•Costs: Dynamic cost assessment
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DYNAMIC
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Figure 3.8 Method of approach regarding dynamic cost-resource curves for RES-E (for the model 
Green-X) 

 

3.2.7 Economic assessment 
For the analysis of the interactions of different promotion schemes as well as among different markets 
and market conditions, a further adaptation of the ‘dynamic cost curve’ is necessarily both on the sup-
ply and the demand side. More precisely, an economic assessment of the dynamic supply and de-
mand reduction curve is made, considering the possible policy support (at the country and technology 
level).  

In general, a (public) support reduces the effective electricity generation costs in the case of supply-
side technologies and the electricity price level at which it is economic to use the electricity saving 
technology in the case of demand side options. Note that the policy setting, e.g. the guaranteed dura-
tion and the stability of the planning horizon or the kind of policy instrument, which will be applied, in-
fluences the effective support.  
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Figure 3.9 Influence of a constant (fixed) premium feed in tariff on the net generation costs / offer 

price on the power market 

 

Within this step, a transition from generation and saving costs to bids, offers and switch prices takes 
place. Figure 3.9 gives an impression of the economic assessment approach via the example of a pre-
mium feed-in tariff. As already mentioned, the duration of the tariff influences the ‘price reduction’, i.e. 
if the guaranteed duration is rather restricted (lower than the deprecation time), the economic support 
over the considered depreciation time is lower compared to the case of a high guaranteed duration of 
the tariff.  

 

3.2.8 Trade-off supply and demand 
The general modelling approach is to derive the equilibrium level of supply and demand within each 
considered market segment – e.g. tradable green certificate market (TGC-both national and interna-
tional), electricity power market, tradable emissions permit market -  on a yearly basis. This means 
that the different technologies are collected within each market and the point of equilibrium varies with 
the calculated demand. Figure 3.10 illustrates this procedure for a TGC and power markets.  
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Figure 3.10 Interactions of supply and demand in different considered markets  
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3.2.9 Model results 
After completion of the simulation run, the Green-X model aims to deliver a broad set of results on a 
national level as well as per technology for the electricity and – in an extended version – also for the 
grid-connected heat sector on a yearly basis, i.e. for each year 2004-2020. 

In more detail, model outputs can be categorised as follows: 

• General results, including:  
– Installed capacity [MW] 

– Total fuel input electricity generation [TJ, MW]  

– Total electricity generation [GWh] 

– National electricity consumption [GWh] 

– Import / export electricity balance [GWh, % of gen.] 

– Total CO2-emissions from electricity generation compared to selected scenario baseline (BAU, 
Kyoto-target, etc.) [%] 

– Market price electricity (yearly average price) [€/MWh] 

– Market price Tradable Green Certificates [€/MWh] 

• Impact on producer, including: 
– Total electricity generation costs [M€, €/MWh] 

– Total producer surplus for electricity generation [M€, €/MWh] 

– Marginal generation costs per technology for electricity generation [€/MWh] 

• Impact on consumer, including: 
– Additional costs due to promotion of RES-E [M€, €/MWh] 

– Additional costs due to DSM strategy [M€, €/MWh] 

– Additional costs due to CO2-strategy total [M€, €/MWh] 

– Total (transfer) costs due to the selected support schemes and policy options 

Note, as mentioned above all results can be provided on a country and if expedient, – also on a tech-
nology level. 

As Green-X represents a dynamic simulation tool, the user has the possibility to change policy and 
parameter settings within a simulation run (i.e. by year). In addition, intermediate results are also ac-
cessible. 

 

3.2.10 Illustration of the computer model Green-X 
For illustration of the computer model Green-X, some screen shots are copied in Figure 3.11 to Figure 
3.18.  

 



26 Final Report of the project Green-X 

 
Figure 3.11 Starting page Green-X  

 

 
Figure 3.12 Design options in the case of a feed-in tariff 
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Figure 3.13 Design options in the case of a quota obligation 

 

 
Figure 3.14 Result table - country specific results  
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Figure 3.15 Result table - technology specific results on country level 

 

 
Figure 3.16 Result figure – time series total costs for society 
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Figure 3.17 Result figure – technology specific distribution per country 

 

 
Figure 3.18 Result figure – country specific distribution per technology 



30 Final Report of the project Green-X 

4 Evaluation of different policies schemes in a dynamic 
framework 

The aim of this part of the report is to evaluate the different policy instruments and to describe the pos-
sible effects. Thereby, general observations as valid for all kind of instruments are depicted first, fol-
lowed by an in-depth discussion of each instrument – listed in a topical order (i.e. policies for RES-E, 
GHG-emission reduction, demand side activities (DSM), or combined heat and power (CHP) policy). 
In addition, as in most cases the impact of the different instruments depends on the level they act, a 
distinction is made between promotion strategies set at the national and international level. This 
means the effects of non-harmonised versus harmonised policies are investigated separately, if ap-
propriate. The trade-offs of RES-E policy instruments with respect to the other policy schemes (cli-
mate change, DSM, CHP) are described in chapter 5.  

 

4.1 The role of risk and risk perception in renewable energy in-
vestments 

Before the effects of different policy instruments should be evaluated in detail, the general aspect of 
risk – which is often underestimated in the assessment of support mechanisms – should be dis-
cussed.  

 

4.1.1 Risk and upward potential 
Risk in relation to investments in RES-E can be described by the negative impact which uncertain fu-
ture events may have on the financial value of a project or investment. Risks form the counterpart of 
the upward potential: the increase in value due to future events. It is important to note that risk is not 
identical to uncertainty. Uncertainty of the financial value of a project can be both positive and nega-
tive in comparison with the expected value. The term ‘risk’, however, relates exclusively to the events 
which might occur and would lower the expected financial value. Events which may take place and 
would increase the expected value, form the ‘upward potential’.  

Although both risk and upward potential are related to the uncertainty of future events, risks usually 
play a more dominant role in investment decisions since investors are risk averse in most cases. 
When it comes to investment risks for RES, three categories seem to play the most dominant role: 

• regulatory risks which can be found in project development or are related to possible changes in 
the financial support for RES-E due to changing government policies 

• market and operational risks which are related to for instance increasing costs for operation or 
feedstock, such as biomass 

• technological risks which follow from malfunctioning of the technology used and potentially can 
be large for some RES-E technologies since these have entered only recently on the market. 

It is important to note that risk is discussed at this place as perceived by stakeholders in RES-E.57  

 
                                                      
57 This is a different viewpoint than the one taken by Awerbuch et. al. (2003) who have applied portfolio theory to 
EU electricity planning and policy-making. They remark that adding wind, PV and other fixed-cost RES-E tech-
nologies to a portfolio of conventional generating assets serves to reduce overall portfolio cost and risk, even 
though their stand-alone generating cost may be higher. For energy planning purposes the relative value of gen-
erating assets should be determined not by evaluating alternative resources, but by evaluating alternative re-
source portfolios. 
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4.1.2 Sources of risk in renewable energy investments 
A serious issue in the development of RES projects is how future events affect the value of the project 
and which risks are involved for the investment planned. Figure 4.1 illustrates the total risk a company 
in operation may face. Dealing with risk (i.e. uncertainties in future developments which have a nega-
tive impact on the operation and profit of a company) is a key element when it comes to value a new 
project and decide on investing in it. This situation applies not only to the actual investor, but also to 
other stakeholders who are involved, such as banks, insurance companies, suppliers of the technol-
ogy and the off-takers of the energy. The sources of risk and its impact, however, can differ substan-
tially for each of these stakeholders. 

 

Operational risk
•installation breaks down
•product defects increase
•weather affects operation
•grid imbalance increases

Input risk
•input prices rise
•labour strikes
•key employees leave
•supplier fails

Product market risk
•customor loss
•product obsolesence
•compitition increases
•prpduct demand decreases

Financial risk
•capital costs increase
•exchange rates change
•inflation
•covenant violation
•default debt Legal risk

•product liability
•restraints of trade changes
•shareholder law suits

Tax risk
•income tax rises
•revenue bonds end
•sale tax rises

Regulatory risk
•environmental laws change
•price support ends
•import protection ceases
•stricter anti trust enforcement

Total 
company

risk

Total Total 
companycompany

riskrisk

 
Figure 4.1 A variety of risk sources make up the total risk of a company58 

 

The importance of each risk category depends strongly on the nature of the company and the sector 
and market in which it operates. For trading in green electricity the following risk sources which are 
relevant for sellers and buyers on the market can be identified, see Table 4.1. 

                                                      
58 Taken from L. Meulbroek (2000). 
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Table 4.1 Risk elements which are relevant for producer and buyer of green energy  

Risk element Producer of green energy Buyer of green energy 
(in case of a certificate system) 

Operational risk 

prediction capability of load and grid im-
balance is crucial 

for less mature technology performance 
is a risk factor 

depends on banking strategy of certifi-
cates, otherwise possibly relatively low 
risk 

Product market risk 
demand expected to rise (favourable), but 
at same time competition may  
increase strongly as well 

demand expected to rise (favourable), 
but at same time competition may in-
crease strongly as well 

Input risk 

bio-energy options: 
fuel costs important 

wind and hydro: 
varies with climate 

large profits at risk when long-term con-
tracts are closed and prices change 

Regulatory risk 
very important: 
profit strongly depends on price support  
import protection  

very important: 
profit & sales strongly depend on  
price support / tax breaks 

Financial risk 
in particular relevant without long-term 
contracts and for sources where capital 
costs dominate (wind, hydro) 

depends on inventory size (banking) 
and portfolio of contracts 

 

4.1.3 Relevance of risks for investors in renewable energy projects 
A more detailed overview of risk elements which are relevant for investors in RES-E projects is given 
in Table 4.2. This overview includes a selection of measures which can be taken to minimise these 
risks. 

For generators trading in green electricity, the following risk sources which directly affect prices (be-
sides other risks mentioned) can be distinguished: 

• price development of electricity which is determined by supply and demand of electricity as well as 
by fossil fuel prices; 

• price development of green certificates which is determined in part by supply and demand, but to 
a large extent also by changes in government policy, subsidies and regulation. 

Uncertainties in price developments due to supply and demand are relatively easy to quantify and 
translate into a risk premium based on historic developments. Fluctuations in prices due to develop-
ments on the world’s fossil fuel market are more difficult to capture, but a tradition for this has been 
developed and can be incorporated through different scenarios. Also, for the value of green electricity, 
such developments are probably of lesser importance.  

The most important and most difficult source of uncertainty, in particular for the long-term, concerns 
the role of government policy. This is most likely to change, as can be learned from the past, but it is 
difficult to predict when, in what direction and to which extent. However, for the value of green electric-
ity these developments can be crucial. 
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Table 4.2 Overview of risks with which an investor in renewable electricity is confronted when his 
installation is in operation.  

Note: For every risk we have indicated whether the generator can influence this risks and which measures he 
can take to limit the risk (within the company or externally on the market) 

Type of risk Description of the 
risk 

Can be 
influenced 

External 
measure 

Internal 
measure 

imbalance in 
delivery to the grid yes outsource load bal-

ancing 

planning & manage-
ment 
load forecasting 

larger 
maintenance 

 
yes 

 

guarantees equipment 
supplier 

Maintenance 
strategy 

lower plant avail-
ability yes guarantees equipment 

supplier 

load management  
apply conservative 
budgeting 

Operational risks 

lower generation ef-
ficiency yes guarantees equipment 

supplier 

optimise  
apply conservative 
budgeting 

lower demand partly hedging 
pricing policy 

market monitoring 
marketing 
pricing policy 

higher fuel pur-
chase prices yes 

contract length & con-
ditions 
hedging 

market monitoring 
purchase policy 

lower market prices yes ditto 
market monitoring 
pricing policy  
load forecasting 

Market risks  

new entrants no ditto 
 
market monitoring 
 

change in renew-
able energy policy no 

changes in specific 
regulation no Regulatory risks 

decrease in finan-
cial support no 

long-term contracting 
fixed pricing 

apply risk analysis  
monitor value-at-risk 
profit requirements  
rate of return require-
ments 

 

4.1.4 Relevance of risks in buying green energy 
Buyers of green energy, such as green suppliers for voluntary demand or suppliers with a government 
obligation to buy and sell a certain amount, are confronted, like investors in projects, with risks. How-
ever, the risk profile can be different. First of all, buyers of green energy are likely to be exposed to 
risks of the wholesale market for electricity (or heat or gas). Also, regulatory risks due to changes in 
government policies related to price support of RES apply as well and are equally important and domi-
nating. 

In addition, however, green suppliers also face risk on the retail market. This risk is in part determined 
by changes in government policies to promote and support RES and in part by the dynamics of the re-
tail market. Considering the liberalisation process of the energy market, risk on the retail market can 
be expected to increase in the near future compared with the present situation. Driving forces for this risk 
are:  

• switching behaviour of customers  

• increased competition between suppliers 

• new entrants in the market. 

The short-term dynamics of developments on the retail market (in e.g. prices, market share, customer 
preferences) may impose conflicts with the current situation to contract renewable electricity in long-
term contracts.  
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When furthermore regulatory risk comes on top of retail market risk, green suppliers have to consider 
a suitable bidding and pricing strategy to close long-term contracts with generators. Otherwise their 
profit-at-risk (PaR) may run out of control and a potential loss-making situation can emerge if certain 
risks become reality in the future. 

 

4.1.5 Why risks influence cost 
On the one hand, the heart of entrepreneur-ship is that there is no financial return without associated 
risks. On the other hand it does not make sense to take risks if there are no expected returns that can 
be envisaged are negligible. 

The level of risk that a project developer is able and willing to absorb depends on many factors and is 
difficult to judge. They entail evaluation not just of economic capital capacity, but also liquidity consid-
erations, tolerance for earnings volatility, creditor and shareholder awareness of and tolerance for risk-
taking, management capacity to maintain business investment plans, and even on occasion, regula-
tory acceptance. 

Project risk does not come without a price. Project developers have higher financial demands in case 
of high risk projects, which leads to a risk premium for the energy produced. Bankers, who run the 
risks that their loans or interested cannot be paid by the borrowers, will charge more for the debt capi-
tal they provide or they may require a lower debt to equity ratio. 

Long-term subsidies offered by the government may reduce the project developer’s risk considerably, 
which can even result in a lower subsidy level. 

The risk premium is not always made explicit, but is a result of another approach adopted by project 
developers. For higher risk level a higher rate is used for discounting the future cash flows. Thus, the 
future cash flows have to increase to obtain the same net present value, which can only be realised 
when the energy is sold at a higher price. 

 

4.1.6 The relation between support mechanism and project risk 
It is generally accepted that risk levels are reflected in the cost of capital required for funding renew-
able projects. There are two main reasons for this observation: 

• Higher project risks limit the amount of debt that can be raised for a project. In general equity is 
more expensive than debt 

• Higher project risks imply that equity providers require higher returns in the project 

In the Green-X project the WACC (Weighted Average Capital Cost) is used as measure for the cost of 
capital. WACC is composed of the debt interest rates and required returns on equity. 

The two predominant support mechanisms in the EU are: 

• systems where a guaranteed feed-in tariff is paid for renewable electricity for a period of time 

• generators receive TGCs when RES-E is fed into the grid. These TGCs may be sold in the market 
to (i) offset a RES-E quota obligation or (ii) to provide buyers of electricity with certified green elec-
tricity. 

In case of feed-in tariffs, the government takes over an important part of the risk a generator faces. A 
generator receives a fixed price (guaranteed by the government) for the power he generates during a 
usually fixed period. The height of the feed-in tariff is set by the government and generally determined 
such that the generator is able to make a reasonable profit taking into account the reduced risk he is 
exposed to. 
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In case of a TGC scheme, the price a generator can get for the renewable electricity produced is not 
fixed. Instead the price is determined by the demand in the market for renewable electricity, which can 
either be an artificial demand created by either a RES-E quota obligation or by creating generous 
price conditions for consumers of renewable electricity. The market conditions are reflected in price 
uncertainty, but the financial return of generators is not limited by price level set by the government. 
The largest risk a generator faces is the regulatory risk because the market conditions can dramati-
cally change, e.g. in case the governments changes future targets, or new entrants of competing 
RES-E generators enter the market with competing price offers. 

In general it is seen that the cost of capital in TGC markets is higher, because: 

• Maximum debt is limited because cash flows are less secure. 

• Investors require a higher risk premium because the expected project returns are less certain. 

As participants (banks, investors, etc.) build up experience with the market conditions, confidence in 
the system may grow leading to a decrease in the required risk premiums. 

 

4.2 Evaluation of RES-E policies 
In the following, instruments with a clear and direct focus to promote an increased deployment of 
RES-E are analysed briefly. Thereby, the argumentation derived from the theoretical analysis will be 
underpinned by simulation results gained from appliance of the computer model Green-X (mainly on 
country level).59 To facilitate understanding these illustrative examples are depicted in boxes, separate 
from the main text. 

 

4.2.1 General observations 
In the long-term a substantial penetration of RES-E technologies can only take place if framework 
conditions are set such that various barriers in the different areas will be removed. This ‘institutional 
context’ issue is of high relevance. Such aspects of importance are discussed in a topical order in the 
following. 

 

4.2.1.1 Beneficial conditions for investors and stakeholders 

• Appropriate financial support  
A minimum support level is necessary to overcome economic barriers and, hence, to attract an 
appropriate number of new investors to the field. The required financial incentive mainly depends 
on the generation costs of the considered RES-E option. Thereby, the impact of risk differing by 
promotion instrument in general and its design in detail (e.g. guaranteed duration of financial sup-
port) has to be taken into account. 

• High investor confidence 
The lack of a long-term policy perspective has been and is still one of the main barriers to a 
stronger deployment of renewable electricity. The effectiveness of various RES-E support 
schemes largely depends on the stable long term planning security provided by the system. A sta-

                                                      
59 Note some of the theoretical investigations – neglecting dynamic effects – had been conducted in a previous 
EU research project - namely ElGreen (Huber et. al., 2001) – and were extended herein to take into account dy-
namic considerations and more detailed investigations. 
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ble planning horizon is important to create a sound investment climate and to lower social costs 
due to lower risk occurring for investors. Investor confidence depends on the expected continuity 
of the scheme influenced by its political foundation. Long-term stability, especially for independent 
power producers, is important to offer an acceptable risk-return profile. 

• Simple and transparent design and implementation 
A support scheme that is transparent and easy to understand and handle ensures low transaction 
costs for developers and investors as well as low administrative costs of public bodies.  

• Continuous RES-E policy  
A continuous and mid to long-term oriented energy policy scheme is important  

– to attract the interest of potential investors in RES-E technologies; 

– to increase the confidence of bank institutions, leading to lower interest rates for loans for in-
vestments (risk premium); 

Such a policy can be implemented, for example, by defining long-term RES-E targets (such as 
those implemented in the UK or Germany). Accordingly, also every fundamental change of the 
promotion policy causes a leap time in RES-E deployment as project investors / developers have 
to get familiar with the new instruments and regulations applied. 

 

4.2.1.2 Beneficial conditions for society and policy 

• Low premium prices (due to the RES-E policy) for power consumers 
To avoid an over-subsidising of RES-E represents a crucial task for policy maker. It is necessary 
to keep societal transfer costs as low as possible and, consequently, to ensure a high public ac-
ceptance for the applied RES-E policy. Lower generation costs of RES-E should be reflected in 
prices paid by consumers. With respect to the costs for society, the careful design of the strategy 
is at least as important as the question of which policy instrument should be implemented.  

The following design criteria help to bring down costs for consumers: 

– Within any support mechanisms, existing and new capacities should not be mixed. Sup-
port should no longer be provided to plants that are fully depreciated or those that were ade-
quate financially supported in the past;  

Box 4.1  Transfer costs for society including / excluding existing capacities in a new 
promotion scheme 
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The figure above shows the impact of including / excluding existing RES-E plant in a promotion 
scheme on resulting total transfer costs for society. In this illustrative example it is assumed that a 
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TGC-system (covering all RES-E options) is introduced in 2005 in France in order to achieve a rather 
moderate RES-E target of 19% (on total demand) in 2020. Two variants are investigated: (A) applying 
the new promotion scheme only to new capacities (installed after 2004) and keeping the already exist-
ing ones in their old scheme; and (B) including in the new TGC-system both new and existing plant. 
The resulting impact can be interpreted as dramatic: The necessary transfer costs – expressed as pre-
mium per MWh total demand for the period up to 2020 on the left-hand side in the figure above – are 
more than three times higher during the whole period if existing plant are included in the new scheme. 
Taking into account also the (estimated) residual costs for the years after 2020 a similar result occurs: 
As depicted on the right-hand side total transfer costs are in size of more than 350% compared to the 
reference case where the new policy is solely applied to new to-be-built capacities.  

– The time frame for a particular financial support mechanism should be restricted. The 
duration should depend on the policy instrument (e.g. development of the TGC price), on the 
maximum of yearly transfer costs (due to RES-E policy) that can be imposed on society, and 
on the dynamic of the RES-E target (over time). In addition, it also depends on some charac-
teristics of the envisaged technology, such as their maturity. This means that the level of ma-
turity of the technology (learning curve) should also be taken into account; 

Box 4.2  Transfer costs for society in the case of a restricted duration versus an 
unlimited support  
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This example illustrates the effects of restricting the duration of financial support versus providing 
support over the whole lifetime of a RES-E plant. Assuming a TGC-system is introduced in 2005 in 
Germany for the promotion of new RES-E capacities to achieve a comparable ambitious RES-E target 
of 24% (on total demand) in 2020. Two variants are investigated: (A) restricting the duration of sup-
port to the first 10 years of the lifetime; and (B) granting unlimited support - i.e. a case where RES-E 
producer are allowed to produce and sells TGCs during the whole lifetime of their plant. 
On the left-hand side the dynamic development of the necessary transfer costs for society up to 2020 is 
shown – expressed as premium per MWh total demand. Due to the fact that support can be received 
over a longer period in case of variant (B), bid prices of RES-E producers and, consequently, societal 
transfer costs are slightly lower compared to variant (A) in the early years. Hence, in the later phase 
societal costs rise as a higher amount of RES-E has to receive support. Hence, for this illustrative case 
total costs as depicted on the right-hand side of the figure above are by roughly 50% higher if support is 
not restricted to a certain period of time.60  

– Provide a stable planning horizon. The lack of a stable planning horizon increases the risk 
for potential investors and, hence, increases the costs for society (significantly) due to the 
higher necessary internal rate of return demanded by investors.  

                                                      
60 Although cumulated transfer costs up to 2020 are in case of unlimited support (variant (B)) by 5% lower com-
pared to variant (A) with the restricted duration, but taking into account also the (estimated) residual costs for the 
years after 2020 (i.e. the dashed bars on the right-hand side of the figure in Box 4.2) the situation changes dra-
matically: Total transfer costs are for variant (B) more than 50% higher compared to variant (A). 
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Box 4.3  Transfer costs for society in the case of stable versus an unstable planning 
horizon 
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The figure above shows the impact of providing a stable verus an unstable planning horizon on result-
ing total transfer costs for society. Assuming a TGC-system is introduced in 2005 in Sweden with a 
rather moderate RES-E target for 2020 in size of 8% (on total demand) for electricity produced by new 
RES-E capacities (installed 2005 to 2020). Two variants are investigated: Variant (A) represents the 
case where a stable planning horizon is provided; and variant (B) which is characterised by unstable 
conditions from an investors point-of-view. Within the simulation runs the stability of the planning 
horizon is described – in accordance with section 4.1 and 6.2.4 – by differing weighted average cost of 
capital (WACC) applied in the database for new RES-E options. In principle, these WACC’s illustrate 
the differing risks of potential investors. More precisely, for variant (A) the default figure of 6.5% is 
used, whilst for variant (B) the WACC is set to 12%. 
The resulting impact can be interpreted as huge: Financial support (i.e. the required premium to power 
price) for new RES-E generation is 60 to 90% higher during the investigated period up to 2020 (see 
left-hand side of figure above) in case of an unstable planning horizon. Consequently, total transfer 
costs as expressed on the right-hand side above increase by roughly 60% compared to the reference case.  

– Admitting least cost technology options of RES-E may contribute to reduce the additional 
transfer costs for society. For example, co-firing of biomass in thermal power plants or retrofit 
of large-scale hydropower plants are two of the commercially most interesting cost-efficient op-
tions. From a society point-of-view the use of the full basket of available RES-E technologies is 
highly recommended. The effects of neglecting some technologies – especially ‘cheap’ options 
– increase both generation costs and costs for society.61  

Box 4.4  Effects of including / excluding least cost RES-E options (i.e. co-firing of 
biomass, biowaste and large hydropower) in a TGC-system 

The example below describes the effects of admitting least cost RES-E options (i.e. co-firing of biomass, 
biowaste and large hydropower) in a TGC-system compared to the case where these technology options 
are excluded. Thereby, it is assumed that a TGC-system is introduced in 2005 in France with a rather 
ambitious RES-E target for 2020 in size of 11% (on total demand) for electricity produced by new 
RES-E capacities (installed 2005 to 2020). In more detail, variant (A) refers to the case where these op-
tions are included; whilst variant (B) describes the case where they are excluded. 
On the left-hand side of the figure below the dynamic development of the average generation costs of 
new RES-E capacities (installed 2005 to 2020) is depicted. As long as the potential of these cheap op-
tions is not fully exploited, generation costs are on a higher level if they are excluded from the promo-
tion system (as described by variant (B)). In the long run, differences on average costs become compa-
rable small. A similar result occurs for total transfer costs: As depicted on the right-hand side of the 
figure below total transfer costs are – in order to achieve a similar RES-E target – by roughly 25% 

                                                      
61 But be careful to support only new capacity, otherwise the inclusion can be counterproductive, e.g. including 
(large)-scale hydro power plants instead of supporting the retrofit of old plants only.  
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higher if support is restricted to only a set of RES-E options, where especially cheap options are ex-
cluded and hence, consequently, contribute much less to achieving the overall target.  
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– Applying differentiated tariffs or support prices to different RES-E technologies might 
decrease the cost of reaching a certain amount of RES-E due to different supply costs be-
tween the technologies, i.e. the cheaper technologies can be promoted by a lower tariff.62 The 
impact of considering / neglecting technology-specific support is explained e.g. in Box 4.8 

• Increasing public acceptance of RES-E technologies 
In the medium to long-term, the public acceptance of RES-E technologies represents one of the 
driving forces behind a continuation of RES-E deployment. As they have to bear the additional 
costs occurring by the extension of RES-E capacity policy makers sensitively react on the soci-
ety’s acceptance. The support schemes as well as their design, influence the public acceptance of 
RES-E technologies significantly. Some support schemes hinder, while others facilitate the accep-
tance of renewable technologies. In general, the following issues influence the acceptance: 

– Additional costs for RES-E paid by the final consumer, which depends on the RES-E targets, 
the support scheme, the design and the administration costs as well as the transparency of 
these costs 

– The stability of premium costs to consumers over time. If transfer costs increase abruptly, 
pressure to change the promotion strategy (or the announced and planned RES-E targets) will 
increase. Such conditions lead to a lower stability and confidence in the system, with the con-
sequences of higher risk (and, hence, higher costs for society) 

– Investment structure (public and regional involvement)  

– Portfolio of RES-E technologies (a broad mix of technologies better than full development of a 
certain technology)  

– Regional distribution of RES-E technologies (harmonised distribution within a country versus 
hot spots in development at a national or international level) 

– Regional side-effects, such as encouragement of local and regional development, employment 
and income generation 

– National energy and environmental benefits, such as greenhouse-gas reduction and higher 
security of supply 

                                                      
62 In the case of a feed-in tariff and – to a less extent – for a tender scheme, the creation of a technology specific 
support does not represent a huge problem in practise. In the case of a TGC-system the application of separate 
quotas for different RES-E technologies only makes sense if the market volume is big enough. However, applying 
a technology specific setting requires a benchmarking process, which is not easy to implement and costly.  
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– A transparent and continuous RES-E policy helps to strengthen public awareness of energy 
and sustainability issues; 

• Encouraging local and regional benefits 
The development of RES-E technologies has a significant impact on local and regional areas, both 
due to their installation and manufacturing – of course, these impacts like employment, rural de-
velopment etc. differ by RES-E technology. Avoiding a stop-and-go policy will help to build up a 
national RES-industry. 

• High effectiveness in deployment of RES-E 
A particular scheme should be fast and effective in increasing the capacity of renewable energy 
technologies. 

 

4.2.1.3 Beneficial conditions for the market 

• High conformity with the power market and with other policy instruments 
EU member states are to an increasing extent liberalising their power markets, and new policies 
such as emissions trading, and other Kyoto instruments will be introduced in the EU. The RES-E 
policy scheme should be compatible with, or at least should not hinder the integration of the liber-
alised power market, and its effectiveness in functioning together with existing and new policy in-
struments. In general, the following criteria should be considered: 

– Free entrance to the grid  

– Free entrance to the power market (no discrimination)  

– No distortion for new entrance with respect to administrative procedures 

– Equal burden on all suppliers (utilities) or consumers in a country  

• Separation of support schemes in the transition process 
In practice it is unavoidable that over a long-time horizon support schemes for RES-E have to be 
adapted or replaced by other promotion mechanisms. The transition phase between the new sup-
port scheme and the replacement of the existing one is important as distortions may occur. In this 
respect the following should be taken into account – see also Figure 4.2: 

– A clear starting point for a new support scheme has to be defined. From then on, during the 
transition period two independent schemes should exist in parallel. This issue may be in con-
flict with administrative simplicity and low transaction costs. 

– All new and retrofitted capacities, but no existing capacities should be included into the new 
scheme.  

– The support for already existing plants should be phased out continuously over time. This 
means that there is no need to change the strategies for existing RES-E capacity. Note, it is 
important to keep the old support scheme for not fully depreciated RES-E capacity otherwise 
instability of the planning horizon with its negative effects like higher costs (due to higher risk 
premiums), lower installed capacity etc. occur. 
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Current strategy
remains upright

NEW
PLANTS

EXISTING
PLANTS

Old support scheme

Start of new support scheme

self sun-setting
system

New support scheme for new and retrofit RES-E capacity,
Old support scheme for existing RES-E capacity

New support
scheme

for all new and maintained
capacity, but no existing
capacity generation, no
other subsidies allowed

New support
scheme

for all new and maintained
capacity, but no existing
capacity generation, no
other subsidies allowed

Transition phase old and new
support scheme coexists  

Figure 4.2 RES-E support in the transition period 

 

4.2.1.4 Beneficial conditions for long term strategies and technological development 

• Comparable support provided for a diverse range of technologies 
Some support schemes tend to support only the cheapest, more mature RES-E technologies dis-
regarding the development of innovative, initially more expensive RES-E technologies. However, 
in the long-term these novel technologies can play a significant role. In this context, the following 
issues should be considered in the design of a new support scheme: 

– The promotion of currently less cost effective technologies helps to reduce generation costs in 
the long term as costs may drop (significantly) due to technological learning / progress (learn-
ing by doing, learning by using and economics of scale); 

– The RES-E support structure should also be directed to support small-scale projects, as these 
small-scale projects – with a rather short lead-time – could contribute crucially to increase 
RES-E capacity in the short-term, entail additional benefits related to distributed generation 
and, hence, reduce capacity shortage in the electricity supply. Of course, in general, costs for 
small-scale projects are comparably higher than for large-scale;  

– It is useful to build up a broad portfolio of different technologies. The preparation of market 
conditions for less matured technologies is essential, especially if the policy target is ambi-
tious. Small-scale projects demonstrating the utilisation of these technologies are helpful to in-
crease experience and confidence in new technologies and, consequently, path the way for 
market maturity (necessary for financial risk assessment, learning from administrative bur-
dens, etc). E.g. Box 4.11 illustrates the impact of this issue on transfer costs for society.  

• Encouraging lower manufacturing costs 
In the longer run, it is the objective to make renewable technologies fully competitive with conven-
tional ones. Therefore, a particular scheme should encourage competition among manufacturers, 
so helping to drive down the costs of RES-E. In a dynamic context (at least) two options exist:  
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– Support current already most cost-efficient technologies: Following this strategy no support for 
these technologies should be necessary in the future; 

– Promote currently less cost-efficient technologies: In this context, a high decrease of invest-
ment costs seems likely in case of less matured technologies.63 Consequently, this will lead to 
lower system costs in the future. 

• Integration of other policies 
– Climate policy 

RES-E and climate policy are closely linked with each other. One the one hand, RES-E policy 
has a positive impact on GHG emissions. On the other hand, a strategy for GHG reduction 
leads generally to an increase of the costs of conventional power and, consequently, in-
creases the economic efficiency of RES-E and, in addition, reduces the societal transfer costs 
due to the promotion of RES-E. 

Box 4.5 The impact of TEA on RES-E deployment (due to an increase of the 
wholesale price on the conventional power market) 
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This example illustrates the (indirect) impact of a climate policy based on tradable emission allowances 
(TEA) to achieve a reduction of GHG emissions on RES-E deployment. Thereby, Spain has been se-
lected as a country case – taken from the BAU forecast as presented and discussed on a European level 
in chapter 6. This BAU-forecast describes the development of RES-E under the assumption that cur-
rently implemented policies remain available (without any adaptation) until 2020.  
In general, TEA have an indirect impact on RES-E deployment due to an increase of the wholesale 
price for (conventional) electricity – which leads to an increased competitiveness of RES-E options on 
the electricity market. For a country like Spain, where currently RES-E are promoted via a premium-
FIT scheme – i.e. where RES-E producer receive a guaranteed premium tariff in addition to the reve-
nues from selling the electricity on the conventional market – the increase of the wholesale price is di-
rectly reflected in a higher financial incentive for RES-E.  
In more detail, three variants have been investigated: (A) represents the reference case where no impact 
of TEA on the future development of electricity prices can be observed. Variant (B) describes a moder-
ate impact of TEA on the electricity price – i.e. where within the emission trading scheme a certificate 
price of roughly 10 € per ton CO2 occurs. Finally, variant (C) is based on a price assumption of 
20 €/ton-CO2 within the market for TEA – equal to a strong impact on future electricity prices.  
The impact on the wholesale power price for the period up to 2020 is illustrated on the left-hand side 
above. As there can be seen, for Spain a moderate impact of TEA is characterised by a price increase in 
size of roughly 20% over the investigated period compared to the reference development. In contrary, a 
assuming a strong impact TEA would occur, prices would rise by 40 to 50%.  

                                                      
63 In general, less matured technologies are characterised by higher learning rates (compared to already matured 
options). In addition, following the approach of technological learning, less deployment (in terms of capacity) has 
to take place to achieve a doubling of installed units.  
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The resulting impact on RES-E deployment is shown on the right-hand side of the figure above. In the 
reference case electricity generation from new RES-E capacities (installed 2005 to 2020) achieves a 
share on total demand in size of 8.6% in 2020. For variant (B) this share rises to 11% and, hence, for 
variant (C) a share of 13.8% occurs. 

In contrast to the ‘extreme case’ of Spain (due to the direct impact of TEA-prices on the financial in-
centives for RES-E) on a European Union level, in particular for the EU-15, the impact of TEA on 
RES-E deployment is not as impressive: For the EU-15 the reference case shows a share of 12% (elec-
tricity generation from new RES-E capacities (installed 2005 to 2020) as share of total demand in 
2020), whilst assuming a moderate impact of TEA RES-E deployment rises to 12.5% and, finally, a 
strong impact of TEA results in a share of 13.2%.  

 
Box 4.6 The impact of TEA on (additional) transfer costs for society for (direct) 

RES-E policies 
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This example illustrates the (indirect) impact of a climate policy based on tradable emission allowances 
(TEA) to achieve a reduction of GHG emissions on the (additional) transfer costs for society due to the 
(direct) promotion policies for RES-E. Thereby, similar to Box 4.5 (see above) a country case – i.e. Ger-
many – is taken from the BAU forecast as presented and discussed on a European level in chapter 6. 
This BAU-forecast describes the development of RES-E under the assumption that currently imple-
mented policies remain available (without any adaptation) until 2020.  
In general, TEA have an indirect impact on transfer costs for society (related to direct promotion poli-
cies for RES-E) due to an increase of the wholesale price for (conventional) electricity – which helps to 
reduce the gap in terms of costs / prices between RES-E and conventional options. For a country like 
Germany, where currently RES-E are promoted by feed-in tariffs the increase of the wholesale price is 
directly reflected in a lower burden for the society due to the promotion of RES-E.  
Again, three variants have been investigated: (A) represents the reference case where no impact of TEA 
on the future development of electricity prices can be observed. Variant (B) describes a moderate impact 
of TEA on the electricity price – i.e. where within the emission trading scheme a certificate price of 
roughly 10 € per ton CO2 occurs. Finally, variant (C) is based on a price assumption of 20 €/ton-CO2 
within the market for TEA – equal to a strong impact on future electricity prices.  
The impact on the wholesale power price for the period up to 2020 is shown on the left-hand side of the 
figure above. For Germany a moderate impact of TEA is reflected in a price increase in size of on aver-
age 11% over the investigated period compared to the reference development, whilst a strong impact 
TEA is characterised by price increase in size of 30% in the short term, dropping to roughly 25% for 
the second decade up to 2020..  
The resulting impact on transfer costs for society – due to the applied RES-E policy for new RES-E ca-
pacities (installed 2005 to 2020) – is shown on the right-hand side above. Compared to the reference 
case total costs decrease to 85% for variant (B), whilst for variant (C) these societal costs drop to a level 
of 78%.  

In contrast to the ‘extreme case’ of Germany (due to the direct impact of TEA-prices on societal trans-
fer costs for RES-E policies), for the EU-15 the impact of TEA is not as impressive: Assuming a mod-
erate impact of TEA societal costs drop to 93%, and a strong impact of TEA results in a decrease to a 
level of 87% - both compared to the reference case (i.e. no impact of TEA). 
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– Agricultural policy  
Integration of agriculture and energy policies is one element that might largely enhance the 
opportunities for biomass. The formal integration of agricultural and energy policy, if supported 
at the highest level, could assist a more rapid deployment of affordable RES 

– Lower energy consumption 
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, besides setting in-
centives on the supply-side for RES-E, accompanying demand-side measures would help to 
minimise the overall societal burden. 

– Industrial policy, employment policy, rural and regional development.  
Of course, energy policy should be linked to other policy issues like industrial and regional de-
velopment, employment, etc..  

Note that some of the above mentioned criteria are in conflict with other issues. Therefore, compro-
mises and cut-backs are necessary to reach an appropriate overall solution. 

 

 

4.2.2 Evaluation of a feed-in tariff scheme 
 

4.2.2.1 Introduction 

Feed-in tariffs (FITs) permit independent producers of RES-E to feed (export) electricity into the grid 
and to receive therefore a minimum price (the feed-in tariff), usually for a specified period of time. 
Such tariffs should in theory relate to the long-term marginal generation costs and are set by a regula-
tory authority.64 Usually the feed-in tariffs differ between various technologies, depending on the dif-
ferent production costs.  

One core argument for feed-in tariffs is to reduce the financial risk of independent power producers by 
guaranteeing a secure revenue for them over a specified period, e.g. 10 or 15 years. 

The amount of electricity generated from RES will depend mainly on the magnitude of the feed-in tariff 
and its guaranteed duration. Of course, if the tariff and its guaranteed duration are both set high 
enough, the policy instrument gives a strong incentive to invest in RES. If it is low, only a moderate 
expansion can be expected.  

 

4.2.2.2 Main conclusion 

The main conclusions with respect to the application of a guaranteed tariff scheme are: 

(a) Proven to be successful and effective 
FITs have been successful for triggering a significant increase of RES-E technologies in almost all 
countries where they have been introduced.65  

 

                                                      
64 In some cases feed-in tariffs are designed to reflect not only long-term marginal generation costs, but also a 
‘reasonable profit’ in order to make it particular attractive to invest. 
65 With the exception of Greece – a country where RES-producer have faced comparable high administrative bar-
riers in the past. 
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Box 4.7 Comparison of historical wind deployment in countries with FITs vs. other 
promotion instruments  
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Please note, this illustrative example is not based on a simulation run of the Green-X model. It represents an out-
come of the evaluation of empirical data. 

The figure above shows the increase in wind plant capacities in the period 1997 to 2002 in EU-15 
countries. As there can be seen – indicated by the red bars above – FITs have proven to be successful in 
promoting wind energy in utmost all countries where they have been applied.  
Source: Eurostat (2003), own investigations.  

(b) RES-E target cannot be exactly reached - flexible in use and time 
A guaranteed tariff system can be applied in a flexible way by adapting the tariff level for new con-
tracts over time (e.g. on a yearly basis), is relatively easy to install and to replace. This is important 
for changing (e.g. harmonising) the RES-E policy as the conditions for the transition period are 
easy to implement. However, a given RES-E target cannot be exactly reached as the incentive re-
fers to the supply and not the demand. 

(c) Low (to medium) administration and transaction costs 
In general both administration and transaction costs are low. Nevertheless, administration efforts 
rise with an intensive benchmarking of RES-E to define the ‘correct’ tariff levels. Consequently, 
administrative (as well as transaction) costs might rather rise to a medium level in case of a com-
plex tariff scheme. 

(d) Does not encourage competition among investors 
One disadvantage of a feed-in tariff scheme is that it does not encourage competition among the 
investors in the early phase, i.e. as long as enough low cost (potential) options are available.66 On 
the one hand the full potential of cost reduction of the single components will not be fully used and 
on the other hand the gap in the investment cost reduction will be – to a certain extend – compen-
sated by an increase of other ‘additional’ costs (e.g. rent and lease costs) due to strategic reac-
tions of other involved groups (e.g. farmers). Hence, it does not force the full reduction in the unit 
price of electricity.67  

                                                      
66 For example if enough good wind sites with high wind speeds are available.  
67 Costs could be reduced to a higher degree if the feed-in tariff scheme were designed in such a way that the 
guaranteed tariffs decrease over time. For more detail see point (g).  
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(e) Helps to develop high-quality components 
In the case where a longer duration of the tariff is guaranteed, e.g. 20 years in Germany, the de-
velopment of components with a higher technical efficiency or a longer lifetime compared to the 
situation of full competition can be encouraged.68  

(f) Does not necessarily lead to minimisation of generation costs (if RES-E specific tariffs are 
applied) 
Under the assumption that technology-specific tariffs should be offered, total generation costs may 
not be minimised in the early phase of policy appliance as distortions among the different tech-
nologies may occur.69 More precisely, where these technologies receive a too high tariff, they are 
‘overrepresented’ in the RES-E portfolio compared to technologies receiving less support. Of 
course this issue depends on the technology specific tariff setting.70 

Box 4.8 Comparison of generation costs applying technology specific versus equal 
tariffs 
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The figure above shows the impact of applying technology specific versus equal feed-in tariffs on result-
ing generation costs. Assuming enhanced FITs are introduced in 2005 in Italy in order to achieve an 
ambitious RES-E target for 2020 in size of 12% (on total demand) for electricity produced by new 
RES-E capacities (installed 2005 to 2020). Two variants are investigated: Variant (A) represents the 
case where an equal tariff is applied for all RES-E options; and  variant (B) characterised by a FIT 
scheme where technology specific tariffs are set. Note, in both cases the overall target is met and both 
schemes are based on dynamically decreasing tariffs. 
The resulting impact on the dynamic development of generation costs of new RES-E capacities (in-
stalled 2005 to 2020) is shown in the figure above – in absolute terms on the left-hand side and in rela-
tive terms depicting the deviation to the reference case (A) on the right-hand side. 
In the short term differences are comparatively higher for variant (B) (i.e. +4% in the period 2005 to 
2008) as due to the technology-specific promotion distortions among the different technologies occur – 
although costs are still in a similar range. Up to 2020 the differences disappear over time –resulting in 
less than 1% deviation in 2020.  

                                                      
68 The provision of more efficient components for wind plants partly explains the low cost reduction of wind tur-
bines in Germany. 
69 In the later phase low generation costs may occur also for initially less mature RES-E options due to the cost 
reduction stimulated by technological learning. 
70 Under the assumption that the less mature technologies are not supported extensively, total generation costs 
can be minimised too. Under this constraint the entity of a FIT is similar to a TGC system.  
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(g) Leads to low costs for society 
Transfer costs for society can be reduced if: 

(i)  Stepped feed-in tariffs are applied (as far as possible)  

Stepped FITs appear to be a proper tool to reduce the producer surplus and, consequently, 
the societal burden. A stepped FIT is characterised by a decreasing tariff with increasing ‘effi-
ciency’ – according to a well-defined benchmark criteria which has to be defined by RES-E 
technology. It requires an in-depth benchmark of the technological development of each en-
visaged RES-E option. Stepped FITs will – of course – only be beneficial for the consumer, as 
premium prices due to the promotion of RES-E decrease. In the ‘real’ world, stepped FITs are 
mainly technologically determined guaranteed tariffs that are applied in order to avoid ‘gold 
plaiting’ of cheap options.  
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Figure 4.3 Optimal (static) incentive-compatible feed-in system  

Note: lower part of figure – producer surplus according to standardised baseline; upper part 
– transfer of the incentive-compatible contract to the feed-in tariff scheme.  
Source: Huber et. al. (2001a) 

 
To maintain an incentive for investors to still implement the most cost-efficient options – char-
acterised by efficient technologies, locations or / and preferable plant-sizes – the decline of the 
tariff for efficient plants must be less than the total revenue that can be gained if such an effi-
cient option is chosen. In other words, the net profits must be still higher choosing most cost 
efficient options.  

It is essential that the baseline (benchmarking the cost efficiency) of the RES-E technology 
can be standardised and verified to be able to apply a stepped feed-in tariff design. Depending 
on the technology the following baselines are feasible: 

• Full load hours  
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• Fuel input 

• Combined heat and power 

• Plant-size 

• Technological option 

• Environmental conditions 

Table 4.3 summarises possible criteria to determine the baseline conditions for different RES-
E technologies. Note, for some technologies no simple and clear measurable rules can be 
found. For example generation costs for (solid) biomass depend on at least fuel input, plant-
size and technological option. Accordingly, administration and transaction costs to determine 
and prove the baseline increase with the complexity of the evaluation criteria. In principle, 
however, it is still feasible to create an incentive compatible tariff. 71, 72 Of course, additional 
costs, which occur due to the expansion of tariff bands, must be weighted up carefully against 
the gains for consumer arising from reducing producer surpluses.  

 

Table 4.3 Baseline options for different RES-E technologies 

Technology Full-load 
hours 

Fuel  
input CHP Plant-

size 

Techno-
logical 
option 

Envi-
ronmen-
tal con-
ditions 

Biogas   X X   

Solid biomass  X X X X  

Geothermal electric-
ity     X X  

Hydro-power    X  X 

Sewage / landfill 
gas   X X   

Solar electricity X   X X  

Wave / tide X      

Wind X      

 

Box 4.9 Comparison of transfer costs for society applying a stepped versus a flat 
tariff for wind onshore  

The example below describes the effects of applying a stepped versus a flat feed-in tariff for wind on-
shore with respect to the resulting transfer costs for society. Thereby, it is assumed that enhanced FITs 
are applied in 2005 in the United Kingdom to promote wind on-shore. In more detail, variant (A) de-
scribes the case where a flat tariff is applied; whilst  variant (B) refers to the case of a stepped FIT. Note, 
in both cases in 2020 a similar deployment of wind on-shore occurs and both schemes are based on dy-
namically decreasing tariffs. 
On the left-hand side of the figure below the dynamic development of the necessary financial support 
(i.e. the premium to the power price) for new RES-E is illustrated in relative terms – depicting the de-
viation to the reference case (A). As there can be seen, in the short term huge differences (up to 40% be-
low the reference) appear, which in the later phase decline to 20%. A similar result occurs for total 

                                                      
71 For example in the case of biomass tariffs depends on the plant size (lower if size is high) and the fuel input 
(e.g. forestry production, forestry residues, agricultural products and residues (sawmill, etc.) and biowaste). In ad-
dition a distinction between CHP and non-CHP electricity generation is conceivable.  
72 In the case where only a few single sites can be applied – e.g. for hydro power or big off-shore wind parks – a 
tender system, where the sit, the size, the environmental and grid conditions are predetermined seems to be a 
better alternative. For more details see section 4.2.4 – dealing with tender systems. 
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transfer costs: As depicted on the right-hand side of the figure below total transfer costs are – in order 
to achieve a similar deployment – by roughly 30% lower if a stepped tariff is used compared to the case 
where a flat FIT is applied.  
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(ii)  Feed-in tariff rate for new contracts rate decreases over time 

This means that the guaranteed tariff for new facilities and, hence, new contracts will be 
adapted periodically (e.g. every year). The decrease depends on the drop of the investment 
costs due to technological learning. Therefore, the reduction should be technology specific 
and approximately in line with the learning curve of this technology. Of course, strategic reac-
tions of the different ‘agents’ (manufacturer, investors, farmer, etc), which try to cover the ac-
tual cost reduction must be counterbalanced. One solution is to use an exogenous benchmark 
to determine the cost reduction. This means that the decline in costs is based on an interna-
tional developments basis instead a national deployment. 

In a dynamic environment it is important that the contracts are incentive compatible such that 
most efficient options are used first. This means that the structure must be design in a way 
that an incentive for investor exists, both over the efficiency classes as well as over time, to 
implement the currently most cost efficient technological generation options for each specific 
RES-E technology. In general, a complex scheme emerges as the following dynamic variables 
must be considered:  

• Electricity generation costs due to technological learning 

• Dynamic restriction of available yearly potential; new tariff setting over time depends on 
the possible yearly deployment of the RES-E technology  

In the following the principle of an advanced dynamic stepped feed-in tariff system is explained 
in more detail. Figure 4.4 depicts the procedure for setting an effective and efficient stepped 
FIT over time.73 For different moments of time (i.e. t1, t2, t3, t4) the guaranteed tariffs as well as 
the marginal generation costs (MC) for a certain RES-E technology are plotted. Thereby, four 
different efficiency classes (i.e. A, B, C and D) of this technology are highlighted in the draw-
ing. A represents the highest efficiency class, characterised by the lowest marginal generation 
costs, followed by B, C and D. The corresponding producer surplus is shown in Figure 4.5 in 
dependency of the efficiency (upper part) as well as over time (lower part). It can be clearly 
seen that the incentive compatibility constraint to use efficient technology options is fulfilled for 
all moments of time as profits are higher for more efficient options compared to less efficient 
ones. 
 

                                                      
73 As already depicted in Figure 4.3, a stepped FIT should be designed in such a way that the guaranteed tariff 
corresponds with the generation cost, i.e. a low tariff is granted if electricity production is efficient. 
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Figure 4.4 Optimal dynamic incentive-compatible feed-in system 

 
In more detail, the setting is done as follows: The starting point as depicted in the upper part 
on the left-hand-side of Figure 4.4 represents time t1. Thereby, in order to receive smooth but 
full penetration of a technology up to the mid-term74, it does not make sense to promote also 
less efficient options in the early phase. So, a FIT is introduced which make investments up to 
efficiency class C profitable. Nevertheless, at time t1 it is ‘optimal’ to invest in the most efficient 
locations first (class A) as producer surplus are at the maximum there.  

The tariff adjustment over time is implemented as follows: For those generation options, which 
are more efficient than the currently optimal75 level – e.g. at time t2 the efficiency class B – the 
granted tariff should be reduced more than the cost reduction, which occur due to technologi-
cal learning. In contrary, for the less efficient options (compared to the optimal level) the tariff 
should be reduced less than the decline of the generation costs. At the optimal level the tariff 
scheme should be changed in the same way as generation costs drop due to technological 
progress.  

This means that for time t2, the tariff drops more for efficiency class A than the (marginal) gen-
eration costs are reduced76. The tariff remains constant for B in relative terms and is reduced 
less compared to the reduction of the (marginal) generation costs for C and D. With respect to 
the producer surplus (PS) this means that PS drops for A at time t2 compared to t1, remains 
constant for B and rises for C (and D), compare Figure 4.5.  

At time t3, efficiency class C represents the optimal level. This means that the tariff decreases 
more than the (marginal) cost reduction for efficiency class A and B and less for level D.77 As 

                                                      
74 Such a deployment would follow a typical ‘S-curve’ pattern – see also section 3.2.6. 
75 Note over time less efficient options must be used, as most efficient ones are already implemented. Applying an 
optimal tariff scheme, theoretically, the full potential of all more efficient generation options should already be 
used. In other words, the optimal level is characterised as the most efficient, up to now not used potential.  
76 The same relative conditions at time t2 as under t1 are depicted by the dotted line.  
77 For C the change in the guaranteed tariff is equivalent to the marginal generation cost deployment from t2 to t3.  
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the producer surplus for A and B drops from t2 to t3, investors of plants with the efficiency level 
A and B have no incentive to postpone their investments. In contrary to them, investors of 
plants with efficiency C have a full incentive to invest now as the producer surplus reached the 
maximum value.  

Similar, at time t4 – where D characterises the optimal level that should be implemented – 
guaranteed tariffs for new contract are reduced more than the marginal generation cost drops 
for A, B and C. Investors in plants of class D have an incentive to build their plant now.  

Summing up, in the case that the reduction is well designed, investors have less or no incen-
tive to postpone their investments. 
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Figure 4.5 Producer surplus under an optimal dynamic incentive-compatible feed-in system 

 

Box 4.10 Comparison of transfer costs for society applying a dynamic constant ver-
sus a decreasing tariff scheme 
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The example above shows the impact of applying a dynamic constant versus a decreasing feed-in tariff 
for an emerging new technology option on the resulting transfer costs for society. Thereby, it is as-
sumed that FITs are applied in 2005 in Portugal to promote wave power. In more detail, variant (A) 
refers to the case of a FIT (with an financial incentive as currently actually imposed) which is kept con-
stant over time; whilst  variant (B) describes the case where this tariff decreases over time. Note, in 
both cases the resulting deployment of wave energy in 2020 is equal. 
On the left-hand side of the figure above the dynamic development of the necessary financial support 
(i.e. the premium to the power price) for new plant is illustrated in relative terms – as comparison with 
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the reference case (A). As there can be seen, up to the year 2020 huge differences occur. In 2020 within 
case (B) financial support is only in size of less than 15% compared to the reference variant. Conse-
quently, as shown on the right-hand side of the figure above total transfer costs are only roughly 25% 
in case of a decreasing tariff. Of course, such huge gains from the appliance of decreasing tariffs can 
only be expected for new technologies in the early phase of market deployment as cost reductions due to 
technological learning are expected to be comparatively high. 

(h) Helps to promote a specific portfolio among different RES-E technologies  
By offering technology specific guaranteed tariffs it is feasible to reach a more homogenous distri-
bution or particular target portfolio.78 Applying such a scheme, the development of currently non 
cost efficient RES-E technologies can be promoted in a simple way. In a dynamic context this is 
essential as a dynamic process can be started for non mature technologies. This development 
come to the consequences that, firstly, generation costs (significantly) decrease in the future79 and 
that, secondly, a higher yearly potential is available in the following years.80  

The stimulation of these technologies at an early phase is useful as this technology can contribute 
in the future by a higher degree (higher yearly available potential due to the reducing of existing 
barriers) and to lower electricity generation costs.  

Such a strategy is especially of relevance if the medium to long-term target for RES-E is ambi-
tious, i.e. the target exceeds the total available potential of currently cheap RES-E technologies. In 
time, the promotion of currently non-mature technologies can dramatically reduce costs for society 
over a period.81  

Box 4.11 Comparison of RES-E portfolio (and transfer costs for society) applying 
technology specific versus equal tariffs  
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The example above shows the impact of applying technology specific versus equal feed-in tariffs on the 
resulting RES-E portfolio as well as on the accompanying total transfer costs for society. Similar to 
Box 4.8 it is assumed that enhanced FITs are introduced in 2005 in Italy in order to achieve an ambi-
tious RES-E target for 2020 in size of 12% (on total demand) for electricity produced by new RES-E 
capacities (installed 2005 to 2020). Two variants are investigated: Variant (A) represents the case 
where an equal tariff is applied for all RES-E options; and  variant (B) characterised by a FIT scheme 

                                                      
78 For example the tariff for wave energy is higher compared to wind on-shore plants.  
79 Due to the stimulation of technological learning and confidence into the technology (reducing the risk premium 
for potential investors).  
80 In practice, it can be observed that the yearly available potential follows an inverted U-curve. This means, a low 
yearly potential is available if the technology is only exploited to a small extent (high barriers), a higher availability 
if the technology is already mature and the additional total potential is still ‘huge’, and a low availability in the case 
of a mature technology but only little additional potential that can be exploited (higher barriers and satiation effect). 
81 A technology specific promotion (additional scheme for currently less mature technologies) is more important for 
a TGC system than for a FIT or a tender scheme as usually only one price signal exist. 
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where technology specific tariffs are set. Note, in both cases the overall target is achieved and both 
schemes are based on dynamically decreasing tariffs. 
The impact on the resulting RES-E portfolio is illustrated on the left-hand side above. Due to the ambi-
tious target and the enhanced FITs applied, respectively, differences are rather small. Nevertheless, it 
can be seen that in case (B) – compared to case (A) – solid biomass contributes to a larger extend and 
solar thermal electricity also enters the market, whilst wind onshore and large-scale hydropower con-
tribute less. 
The impact on the accompanying transfer costs for society due to the RES-E policy is depicted on the 
right-hand side of the figure above. Thereby, the indicated gains from applying technology-specific in-
centives are impressive: Total societal costs are roughly 75% compared to the case where equal tariffs 
are applied. 

(i) Helps to reach an area or plant-size specific distribution of a RES-E technology 
Similar to the technology specific adjustment, feed-in tariffs schemes can be used to promote a 
(more) homogenous distribution of a certain RES-E technology over an area or plant size. On the 
one hand, a more homogenous distribution leads to a better public acceptance, as firstly, more 
people have the possibility to build up a relationship with the technology and, secondly, the density 
in hot spot areas is lower. On the other hand, this positive effect over time must be compensated 
by present economic distortions. This means that currently total generation costs are higher com-
pared to an equal support. 82  

Similar to the technology specific promotion an area or size specific scheme helps to reduce dy-
namic barriers. This means that these technologies can contribute to a higher share in the future. 
Again, the criteria for differentiation should be clear and simple, otherwise higher administration 
and transaction costs occur.83  

(j) The RES-E deployment is (mainly) independent from the development of the total elec-
tricity demand 
A guaranteed price scheme leads to market separation – a protected market for RES-E and a re-
maining market supported by conventional power plus those RES-E options not included in the 
feed-in tariff scheme, TGC system or tender procedure. As the tariff directly effects supply, RES-E 
deployment is (mainly) independent from the total electricity demand.84 This means that RES-E 
demand depends only on the price level of the guaranteed tariff – a higher tariff entails a higher 
demand.  

An independent RES-E demand results in a higher price elasticity of the remaining demand that 
must be covered by the free market (spot market, wholesale market or long-term contracts). In this 
case, the spot market reacts more sensitive to price changes compared to the case of no promo-
tion of RES-E technologies.85  

                                                      
82 Furthermore, by granting a ‘marginal’ higher profit if investor choose an efficient plant, a compromise between 
cost efficiency (and the disadvantage of location hot spots) and homogeneous distribution (and the disadvantage 
of economic inefficiency) can be adjusted. 
83 In the case that the criteria for a stepped feed-in tariff are the full-load hours (e.g. for wind energy, solar) usually 
variations among the areas exist. Hence offering a tariff scheme with a higher slop is sufficient fulfilling this con-
straint.  
84 Of course only if the share of the electricity supported by a feed-in scheme is lower than the total electricity de-
mand, i.e. total demand is higher than the ‘effective’ total RES-E supply. In the case of wind energy or other pre-
dictable and fluctuation technologies a maximum share depends on the total electricity supply.   
85 Assuming that the additional costs due to the implementation of the feed-in tariff are directly imposed on the 
power price for the consumer and not financed by the public budget, a higher demand reduction compared to the 
application of a premium feed-in tariff scheme or a TGC system occurs. 
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Implementing a premium feed-in tariff scheme instead of a ‘fixed’ tariff causes different effects on 
electricity demand and price, namely.  

– Firstly both supply and demand on the spot market are higher. The reason is that under this 
scenario no market separation takes place. This can be essential if the power market is small, 
as the degree of competition rises due to the higher trading volume; 

– Secondly, as the revenues for RES-E are more uncertain than under a ‘fixed’ feed-in tariff 
scheme, investors will require a higher risk premium, leading to a lower RES-E deployment; 

– Thirdly, in the case of an increasing conventional power price producer surplus for RES-E 
generators rises too. On the contrary, by applying a fixed feed-in scheme the gap between the 
(rising) power market and RES-E generation costs decreases - instead of being constant in 
the case of a premium design - leading to lower costs for society. On the other hand, addi-
tional costs occur if the conventional power price drops.86  

(k) The power market price decreases  
The question of the electricity price is closely linked with electricity demand – see point above. 
Demand on the free electricity market drops if a larger part of the demand is already covered by 
the larger supply of prioritised electricity from RES. This leads to the consequence that the power 
market price drops.87 Total costs for consumer due to the promotion of RES-E can be both higher 
or lower compared to the situation of no additional RES-E support. They are higher if the premium 
costs for RES-E exceed the price reduction on the power market and are lower if the reverse it 
true. 

Box 4.12 Comparison of conventional power price with and without promotion of 
RES-E  
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This example illustrates the impact of a RES-E policy on the price development on the conventional 
electricity market. Thereby, results on EU-15 level are taken from the scenarios as presented and dis-
cussed briefly in chapter 6. In more detail, three variants are depicted: (i) The reference case describes 
the future development if no promotion of new RES-E is foreseen from 2005 onwards. (ii) The BAU-
forecast, indicating a moderate RES-E policy, describes the development under the assumption that 
currently implemented individual policies of the Member States remain available (without any adapta-
tion) until 2020. (iii) As a representative of an ambitious RES-E policy the scenario of harmonised en-
hanced feed-in tariffs has been chosen (i.e. described as ‘H3’ in section 6.1). Note, for all variants a 
moderate impact of TEA on the electricity price is assumed – i.e. where within the emission trading 
scheme a certificate price of roughly 10 €/ton-CO2 occurs. 

                                                      
86 This is, however, very unlikely considering current price developments of fossil energy, the increasing shortage 
of power capacity and the climate change policy (e.g. European Emissions Trading system, Kyoto target). 
87 Conventional power will be substituted by RES-E. 
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In principle, a RES-E policy has an indirect impact on the development of wholesale power prices on 
the conventional electricity market as due to an increased RES-E deployment the remaining demand to 
be covered by conventional options is getting smaller. Consequently, a more cost efficient options may 
set the marginal price leading to a price reduction compared to the case where no RES-E policy is ap-
plied.  
On the left-hand side of the figure above electricity generation from new capacities (installed 2005 to 
2020) – expressed as share of total demand - is depicted for the three variants. Even in the reference 
case a small deployment of new RES-E capacities takes place – achieving a share of roughly 1% in 
2020. In the BAU-case a share of 12.5% is indicated for 2020, whilst with ambitious RES-E policies 
this figures rises to more than 16.5%.  
The impact on the wholesale power price for the period up to 2020 is illustrated on the right-hand side 
above. As there can be seen, on European average a decrease compared to the reference development by -
7% up to 2020 is shown for the BAU-variant, whilst with ambitious RES-E policies and the accord-
ingly higher penetration of RES-E a decrease by roughly -10% occurs for 2020. Please note, this indi-
cated cost reduction of the power price has to be compared to the transfer costs due to the promotion of 
RES-E – for a more detailed discussion of this topic see section 6.7. 

(l) ‘Relative’ homogenous premium costs for society over time 
A feed-in tariff scheme is – in contrast to a quota obligation system based on tradable green cer-
tificates and (to a certain extend) a tender scheme – designed in such a way that guaranteed tar-
iffs drop over time or at least do not rise to the same degree as under the other schemes.88 This 
means that higher ‘relative’ higher costs arise at the beginning of the system (compared to the 
other schemes).89 The reason is that, due to the technology specific tariff-setting, not only most 
cost efficient technologies can be supported in the early phase of the programme.90 Hence, the 
burden on the electricity consumer from the promotion of RES-E is more homogenously distrib-
uted over time.  

Box 4.13 Transfer costs for society due to the promotion of RES-E technologies 
over time – in case of FITs  
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The example above illustrates the resulting transfer costs for society due to the promotion of RES-E 
technologies over time – in case of applying technology-specific FITs. Thereby it is assumed that FITs 
are introduced in 2005 in Italy. Note, in all cases the promotion scheme refers solely to new RES-E ca-
pacities (installed 2005 to 2020). Three variants are investigated: Variant (A) represents the case where 

                                                      
88 Otherwise the incentive compatibility constraint cannot be maintained over time, leading to a delay in actual 
generation.  
89 Of course, they can still rise over time.  
90 This is also the reason why a feed-in tariff can have a different dynamic with respect to the RES-E deployment 
compared to a quota system for all technologies. In the later case, the RES-E portfolio is restricted as existing bar-
riers for currently not cost efficient technologies cannot be reduced in the start phase.  
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a rather low incentive is set;  variant (B) is characterised by a moderate incentive and  variant (C) de-
scribes the case of providing high incentives. 
The impact on the resulting RES-E deployment is illustrated on the left-hand side above: In 2020 
within variant (A) new RES-E capacities contribute to a share of 4.7% on total demand, whilst with 
moderate incentives a share of 8.4% can be achieved and, finally, by setting high incentives a share of 
12.2% occurs.  

(m) The impact on the dynamic development of the accompanying transfer costs for society due to the 
RES-E policy is depicted on the right-hand side of the figure above. Thereby, in case of low to 
medium incentives a rather homogenous premium occurs, whilst in case of high incentives a steep 
rise and decline can be observed. National burden depends on the actual national RES-E 
deployment – a homogenous burden sharing at an international level is difficult 
The premium costs due to the RES-E deployment that have to be born by the consumer depend 
on actual RES-E development. They can significantly vary between countries, because of differed 
feed-in tariffs among countries. However, even under harmonised conditions, i.e. the same feed-in 
tariff is applied in all countries, a huge variation in the total consumer costs can occur. The reason 
is that the RES-E potential and the cost structure differs between the countries and only actual 
(national) RES-E deployment is relevant for consumer costs. National costs are high in countries 
with a high share of RES-E and low in countries with less RES-E exploitation.91  

A homogenous distribution among the countries is difficult to achieve. One, albeit, currently unreal-
istic solution is to grant the feed-in tariff at the EU rather than at a national level via an EU support 
programme.92  

Box 4.14 Comparison of transfer costs for society in different Member States fulfill-
ing the indicative RES-E target 2010 (on EU level) – in case of FITs 
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This example provides a comparison of resulting transfer costs for society in different Member States 
fulfilling the indicative RES-E target 2010 on an EU-15 level. These results refer to the scenario of 
harmonised enhanced feed-in tariffs  as presented and discussed briefly in chapter 6 (i.e. named as ‘H3’ 
later on). Please note, in this scenario a RES-E share of 22% on total demand – in accordance with the 
target set by the ‘RES-E directive’ will be met on European level solely. The achievement of the indica-
tive targets as set for each Member State is not feasible under the scenario conditions as it based on the 
assumption that harmonised FITs are applied in all countries in 2005. Consequently, the deployment of 
RES-E on country-level appears in accordance with the resource conditions which do differ to a large 
extend from country to country.  

                                                      
91 Note: In a TGC system the national consumer costs depends on the height of the obliged quota and not on ac-
tual national RES-E generation. Hence, in such a scheme the consumer costs can be more easily set on the 
same level by imposing the same quota obligation in all countries.  
92 In this case, differing additional benefits from RES-E development at national level must be counter-calculated.  
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The resulting country-specific total transfer costs in 2010 are depicted in the figure above. Thereby, 
both the cumulative paid costs in the period 2005 to 2010 as well as the estimated residual costs which 
are still to pay in the period after 2010 are indicated. As there can be seen huge differences occur by 
country. Member States which are characterised by proper resource conditions of RES-E contribute 
most for achieving the overall EU-target, whilst others with less attractive RES-E potentials achieve 
only a moderate deployment and accordingly lower costs. Nevertheless, with the exception of four 
countries total transfer costs appear in a range from 50 to 150% compared to the EU-15 average. 
Above the 150% border Denmark and Portugal are the ones which have comparatively large and cheap 
RES-E options available and are therefore faced with high transfer costs. Below the 50% border Bel-
gium and Luxembourg can be found – both characterised by rather poor RES-E resources. 

4.2.3 Evaluation of a quota obligation with tradable green certificates 
 

4.2.3.1 Introduction 

To promote electricity from RES, a mandatory ‘artificial’ demand may be set by government via quota 
obligations (i.e. legally enforceable orders to producers or consumers for specified amounts of RES-E 
to be sold / bought). The main objective of such a quota system is to secure pre-defined amounts of 
RES in a liberalised electricity market. Often, tradable green certificates (TGC) are used to both facili-
tate the fulfilment of the quota obligation, and to increase the economic efficiency of the promotion 
strategy.93 Trade could be allowed at the national or international level. In the later case, TGCs must 
be approved by the participating countries and broadly harmonised. 

The obligated parties can be generators or any other ‘actors’ in the electricity chain (e.g. transmission 
and distributor companies, suppliers, brokers or consumers). To fulfil the obligation, each obligated 
actor may either produce RES-E himself or buy TGCs from other suppliers. The revenue obtainable to 
the RES-E producer for the renewable energy based electricity will be the sum of the market-based 
power price for physical power and the price of the tradable green certificates. 

To the extent that consumers (producer) do not fulfil their purchase commitments for green certificates 
(quota obligation), they have to pay a penalty fine for the missing number of certificates, i.e., for each 
MWh for which they should have purchased (sold) green certificates but failed.  

 

4.2.3.2 Main conclusion 

The main conclusions with respect to the application of a quota system in combination with tradable 
green certificates are: 

(a) Must be proven to be successful and effective – this mainly depends on the applied de-
sign criteria 
Up to now, there is no rigorous and comprehensive publication which assesses the performance 
of TGC schemes. Perhaps it is too early to determine (except in those cases where it has become 
manifestly clear that a TGC system has not worked). In most cases narrow markets emerge as the 
real problem. Some evidence from the regional systems in Belgium and Austria shows that this 
might already present a problem there. Mitchell and Connor (2004) show several problems al-
ready appearing in the ROC system in the U.K. For the Swedish case penalties that have been set 

                                                      
93 A TGC is used to represent the ′marginal added value′ or ′greenness′ of one pre-defined unit of electricity pro-
duced from renewable energy source (RES). As a result, under a TGC system, each producer of RES-E is pro-
ducing two goods: 

• physical electricity, which is fed into the grid and is sold at market prices for conventional electricity; 

• TGC, which represents the added value of the ′greenness′. 
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too low proved to be the main problem. Although the production was actually higher than the quota 
in 2003 the quota fulfilment was only 77%, since many of the electricity suppliers chose to pay the 
penalty and to bank their certificates for 2004. Therefore the penalty determined the cap price. In 
the Italian case a feed-in tariff has been replaced by a quota obligation. The quota obligation has 
two major disadvantages in this case. First only the very cheapest technologies are currently con-
structed hampering the diffusion of more technologically sophisticated sources. Secondly the cur-
rent price of certificates, e.g. for wind energy, is about twice as high as the feed-in tariff in the for-
mer system. 

The success of a TGC system depends on the right design, including admitted technologies, valid-
ity of the certificates, penalty, market volume, stability of the conditions, etc.  

(b) RES-E target can be reached exactly - effective if penalty is set correctly but less flexible 
One main advantage of a quota obligation is that the target will be reached exactly under the as-
sumption that a sufficiently high incentive is set. This means that the penalty for not purchasing a 
certificate is higher than the investment needed to meet the quota. As the penalty serves as the 
price ceiling for TGCs, the lowest penalty level must exceed the expected marginal generation 
costs (minus market price for conventional electricity) within the system. This is also of great im-
portance when implementing an international trading scheme. If at least in one country the penalty 
is set incorrectly, i.e. it is lower than the marginal generation costs (minus the power price), the 
common target will not be reached. 

In a dynamic context it is important to mention that the total RES-E deployment proceeds slower 
than under a RES-E system that pursues the development of different technologies simultane-
ously. This means if no additional support is granted for currently more expensive technologies, an 
ambitious RES-E target is more difficult to reach under a TGC system.  
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Figure 4.6 Influence of the penalty on the electricity generation: high penalty (left) and low penalty 

(right); Source Huber et. al. (2001a) 

 
Adapting an existing TGC system can cause problems. The inclusion of additional technologies or 
the extension of the market (an international TGC scheme) is problematic, as such actions may in-
fluence the price level of the TGCs dramatically and, hence the support for RES-E. If the frame-
work conditions are not set clear by the policy, a higher risk for investors results, leading to higher 
costs for the consumer.  

(c) Medium to high administration and transaction costs, especially if system should be flexi-
ble (different systems work at the same time)  
To be able to use a TGC system, a market structure has to be developed. This means a trading 
platform, a monitoring system, etc must be implemented. Therefore, depending on the actual im-
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plementation, medium to high administration costs and transaction costs occur. Administration 
costs are – in relative term – high if the market is small. This is the case if it is implemented at the 
(sub)national level and or it includes just one or two technologies.  

(d) Competition among investors 
In general, due to the establishment of a market structure where prices are determined by supply 
and demand competition among investors occurs. The level of competition depends on the market 
structure. Preconditions are completely full liquid and transparent market for TGCs characterised 
by many sellers and buyers and, usually, the absence of market power. In countries with a high 
market volume or if the market is based at the international level these conditions are fulfilled. 
However, implementing a TGC system in a small size (i.e. in only one small country or where the 
system is restricted to one RES-E technology) should be pursued with caution. 94 

(e) Helps to reduce costs for RES-E technologies 
On the one hand, competition entails pressure on manufacturers to reduce the investment costs or 
on other involved parties to decline their respective cost components. On the other hand, the need 
to reduce costs can lead to the development of a less efficient and long-lived product.  

(f) Leads to minimisation of generation costs (if just one RES-E target) 
A quota obligation system based on tradable green certificates leads to minimal total RES-E sys-
tem costs. This means, a TGC system is cost efficient with respect to the installed RES-E capac-
ity. A TGC-scheme will ensure that the RES-E deployment is made at locations where it is most 
efficient and profitable. In the case that the TGC system is introduced on international level, “hot 
spots” due to the high total demand are feasible.95  

Box 4.15 Comparison of generation costs applying a TGC system without additional 
technology-specific support versus allowing such support 
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The figure above shows the impact of applying a TGC system without additional technology-specific 
support versus allowing such support on resulting RES-E portfolio and accompanying generation 
costs. Assuming a TGC system is introduced in 2005 in France in order to achieve an ambitious RES-
E target for 2020 in size of 11% (on total demand) for electricity produced by new RES-E capacities 
(installed 2005 to 2020). Two variants are investigated: Variant (A) represents the case where no addi-
tional support is applied; and  variant (B) refers to a TGC system where in addition technology specific 
investment incentives are implemented. Note, in both cases the overall target is met. 

                                                      
94 One example of such an implementation scheme was the quota obligation for small scale hydro power in Aus-
tria in the period 2001-2002, which has been replaced by a feed-in tariff scheme since 2003.  
95 Of course, in a national scheme with ambitious RES-E targets the same situation can occur. 
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The impact on the resulting RES-E portfolio is illustrated on the left-hand side above. Due to the ambi-
tious target differences are rather small. Nevertheless, it can be seen that in case (B) – compared to case 
(A) – biogas, biowaste and wind offshore contribute to a larger extend, whilst biomass and  wind on-
shore penetrate less. 
The resulting impact on the dynamic development of generation costs of new RES-E capacities (in-
stalled 2005 to 2020) is shown on the right-hand side of the figure above. In the short term differences 
are comparatively higher for variant (B) (i.e. +40% in 2005) as due to the technology-specific promo-
tion distortions among the different technologies occur. Up to 2011 differences disappear and, hence, 
after 2011 it can be observed that generation costs in case of variant (B) are slightly less than in case of 
a pure TGC system as described by variant (A)  

(g) Leads to higher costs for society if targets are set ambitious (but not RES-E specific) 
Despite the fact that tradable green certificates lead to minimal total RES-E system costs, it is 
likely / possible that costs for society are not minimal. This means, a TGC system is cost efficient 
with respect to the installed RES-E capacity but not with respect to the cost that must be born by 
the society. The reason is that the producer can absorb most of the efficiency gains.  

The premium costs for society mainly depend on: 

• RES-E target: In general an ambitious  target exploiting a high share of the available po-
tential leads to higher premium costs compared to e.g. a feed-in tariff scheme, as the 
producer surplus significantly rises; 

• Market conditions: As TGC price developments are uncertain and difficult to forecast, in-
vestor risks are higher compared to a feed-in tariff or a tender programme. The risk pre-
mium leads to higher costs for society. Risks can be reduced by a guaranteed floor price 
or allowing banking and borrowing of TGCs, but risks remain higher compared to other 
support schemes, compare also Cleijne et. al. (2004). 

• The additional support schemes: Details see below 

Under the following conditions the direct premium costs for the consumer can be diminished:  

(i)  TGC system is standardised. Standardisation of TGCs becomes important within a mandatory 
system. If there is just one kind of certificate, no separate TGCs markets occur, leading to the 
following consequences: 

• a higher market transparency  

• an increased trading volume 

• more reliable / robust price signals 

• lower generation cost (in the early phase) 

• higher windfall profits for most cost efficient technologies96  

(ii)  International TGC system 

International trade between countries with mandatory quota obligations increase the efficiency 
of the entire system. One important precondition is that the national TGC systems are mutually 
recognised. If the obliged parties in both countries have to fulfil their quotas, the total produc-
tion of RES will not be influenced by the international trading activity, only the distribution of to-
tal generation and costs / profit in the two countries would change. Countries with high mar-

                                                      
96 A split into 2 or 3 technology specific quotas (e.g. one quota for wind energy) can reduce the windfall profits 
and, hence the transfer costs for society. However, a split is only helpful if other criteria (i.e. market transparency, 
trading volume, competition) are still fulfilled (e.g. within an international market). At national level other instru-
ments giving additional support (investment incentives, tax relief, etc.) are more appropriate.  
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ginal generation costs (due to a low potential for RES or due to a high obligation) will be net 
importers, and countries with low marginal generation costs will be net exporters.97 

International trade between countries with a quota obligation and countries without a regula-
tory quota creates an implicit asymmetry. This is especially problematic if installed capacity of  
RES-E in the country with a voluntary system has been promoted by an investment subsidy 
and low voluntary demand so that the price that can be received from RES-E is similar to the 
price of conventional electricity. By receiving higher prices, generators will export their “green” 
electricity to the country with the quota obligation. Of course, this is only possible if intercon-
nection between the countries is not a problem. Thus, significant supply of TGCs occurs in the 
country with the mandatory obligation contributing to a decrease in the price of TGCs. This 
flow will make it easier to achieve the obligation.98 

From an international perspective, countries with a mandatory quota system might not want to 
accept TGCs from countries with only a voluntary demand approach. TGCs from a country 
without an obligation should only be accepted if it is proved that the plant is implemented due 
to the stimulation of the trading system. This means that TGCs must be created from newly in-
stalled RES. 

(iii)  Additional support scheme or different technology specific targets in the case of an ambitious 
RES-E target  

In the case of higher targets an additional technology specific support mechanism helps to re-
duce costs for consumers, i.e. windfall profits for cheap technologies remain lower. Appropri-
ate additional support schemes are investment subsidies (designed as percentage of invest-
ment costs, fix amount or preferable as tender procedure), tax relief or soft loans. In this case, 
however, additional administrative costs appear due to the introduction of a second instru-
ment. 

Note that when implementing an international trading scheme it is especially important to avoid 
discrimination between countries and technologies. This means that additional support mecha-
nisms in all countries must be known. Otherwise the option of TGC trading will be an additional 
subsidy instead of a cost efficient way to promote RES. If the additional support differs among 
the countries, then distortions will occur, because marginal generation costs also differ among 
the countries. The consequence is that producers in countries with higher subsidies will in-
crease their generation, and producers with lower additional support will decrease generation 
compared to the optimal case. However, the governments, and indirectly the taxpayers and 
electricity consumers, of the countries with higher additional promotion scheme support not 
only RES-E deployment in their own country but also in all other countries. This means that 
subsidies granted in one country lead to a lower price in other countries, even if support 
schemes exist in those countries.  

Box 4.16 Comparison of transfer costs for society applying a TGC system without 
additional technology specific support versus allowing such support 

The figure below shows the impact of applying a TGC system without additional technology-specific 
support versus allowing such support on transfer costs for society. Similar to Box 4.14 it is assumed 

                                                      
97 As already mentioned, not only the TGC system among countries should be adjusted, the (financial) incentive 
for fulfilling the quota obligation must also be set at a such a high level in all participating countries (penalty) that 
the compliance of the target in all countries is not jeopardise. In addition, to increase the efficiency of the trading 
system, it is important that no hidden market barriers exist, e.g. the condition that only TGCs can be imported if 
the physical electricity is also imported. 
98 However, the other benefits related to RES-E development of increased employment and industrial develop-
ment will only be gained by those countries actually implementing the renewable technologies independent of the 
RES-E quotas in the individual Member States. 
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that a TGC system is introduced in 2005 in France in order to achieve an ambitious RES-E target for 
2020 in size of 11% (on total demand) for electricity produced by new RES-E capacities (installed 2005 
to 2020). Two variants are investigated: Variant (A) represents the case where no additional support is 
applied; and  variant (B) refers to a TGC system where in addition technology specific investment sub-
sidies are implemented. Note, in both cases the overall target is met. 
Although investment subsidies in size of up to 30% are applied for selected RES-E technologies, the 
impact on the overall resulting transfer costs is comparatively low. More precisely, the depicted dy-
namic development of the leveled financial support for new RES-E (i.e. expressed as premium to power 
price) shows that only in the early phase the pure TGC system of case (A) beats the case where in addi-
tion to the TGC system technology-specific support is applied (i.e. variant (B)). In contrary, in the pe-
riod 2007 to 2020 the mixed system leads to overall lower societal costs – although differences are 
small.  
Total transfer costs are shown on the right-hand side of the figure below. Of course, again, differences 
are small. Nevertheless it can be observed that variant (B) leads to slightly lower (i.e. -2%) societal 
transfer costs compared to the pure TGC system of variant (A).  
Note, the deviation of a pure TGC scheme to a mixed system is highly influenced by the RES-E target 
as well as the design of the additional support scheme- A “bad” design leads to higher, a “good” design 
to lower transfer costs for society compared to a pure TGC scheme. The result underpins the impor-
tance of applying technology-specific support -  which led in this example to lower TGC-prices and, 
consequently, helped to reduce producer surpluses compared to the pure TGC scheme.  
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(h) Helps to promote currently most cost efficient RES-E technologies  
Within a single TGC system all RES-E technologies compete on the same TGC market. Hence, 
only the currently most efficient RES-E options will be chosen to generate electricity, i.e. currently 
more expensive technologies will not be promoted. The consequences are:  

– This scheme facilitates the economic competitiveness of cheap RES-E technologies compared 
to conventional electricity generation options in a lower period of time.  

– Currently less efficient – but for the future promising and necessary – technologies are less 
promoted. Hence, the economic gap among the different RES-E technologies rises as different 
incentives are set for already cheap and currently still more expensive technologies99 

                                                      
99 Pursuing a(n ambitious) long-term RES-E policy it is important to give a stimulus for non-mature technologies 
already in an early phase, as the promotion of currently non-mature technologies in time can dramatically reduce 
costs for society over a dynamic period. This issue is especially important in the case of a TGC system, where the 
marginal generation costs of the marginal plant (technology) determines the additional revenue of all contributing 
technologies. A technology-specific promotion (additional scheme for currently less mature technologies) is more 
important for a TGC system than for a FIT or a tender scheme. Moreover, such a policy helps to reduce barriers 
of envisaged technologies in the mid-term, so additional potential is available in the future.  

Summing up, the provisions of additional strategies for less mature technologies within or in addition to the TGC 
system must be considered. Additional strategies could be:  
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(i) Favours the development of RES-E ‘clusters’ and hot spots areas 
One disadvantage of a trading scheme – especially if it is implemented at the international level - 
is that if favours geographical and technological hot spots. This means a certain technology at an 
optimal location will be extensively used. The negative environmental impact100 must be set 
against the benefits of income for those regions. 

(j) The RES-E deployment interacts with the development of the total electricity demand 
A TGC system leads to market separation. One TGC market for RES-E technologies to cover the 
‘artificial’ demand given by the quota and one conventional market providing electricity from con-
ventional power and RES-E not included or applied in the TGC system. Note that, obviously, total 
electricity will be sold at the spot market. The market price, however, will only be determined by 
the marginal conditions of the conventional electricity part.101 

Assuming a relative quota - in percentage of total electricity supply or demand – these two mar-
kets are linked by the total electricity demand.102 An increase ( a reduction) in total demand leads 
to a more (less) ambitious deployment of RES-E deployment.  

In addition, the method of imposing the premium costs arising from the RES-E deployment influ-
ences the RES-E development – in absolute terms – within a TGC system.  

– In the case where the additional costs are directly imposed on the electricity price, total elec-
tricity demand diminishes.103 Total national electricity generation drops due to lower demand. 
Hence, the total electricity generation from RES-E decreases too, because the ratio between 
RES-E and conventional power is defined by the quota obligation and is, hence, constant; 

                                                                                                                                                                      

• an additional support (e.g. investment subsidies prescribed by the public body or via a tender system) for less 
mature technologies within the TGC system 

• a split of the TGC market in sub-markets, e.g. one market for ‘mature’ technologies and one for currently 
‘non-mature’ technologies. However, if separate technology-specific TGC systems are applied in small coun-
tries, market volumes might appear to be too small, implying that no ‘real trade’ occurs. 

• technology specific support schemes (e.g. TGC system for cheap technologies, feed-in tariff or tender 
scheme for non-mature technologies) outside of the TGC scheme.  

Which option is appropriate depends on the country and policy specific conditions and must be carefully analysed 
in more detail.  
100 For example the visual intrusion of extensive wind power development in areas of high wind speed.  
101 Observe that in the case of a quota system electricity from both conventional and renewable sources will be 
sold at the spot market. The actual marginal generation cost for RES-E, however, will not be reflected at the spot 
market. More precisely, RES-E can ever be offered below or at least at the spot market price. The reason is that 
the difference between the marginal generation costs and the spot market price will be fully compensated by the 
TGC price. That means that changes in the spot market price are reflected immediately and totally in the TGC 
price. In this sense, just the marginal generation costs for conventional power production determines the spot 
market price. Of course, in the case that the actual amount of RES-E generation is higher than the RES-E quota – 
this could be the case if the quota obligation is low or if a high potential of cheap RES-E production is available – 
RES-E technologies also determines the spot market price for conventional electricity. This situation is character-
ised by a high economic cost efficiency of RES-E technologies - at least a higher share than indicated by the 
quota is cost efficient – and indicated by a TGC market price of zero. 
102 An alternative to the relative target is to impose an absolute amount of electricity generation from RES-E, e.g. x 
TWh from RES-E in 2020. Such an implementation can have advantages for formulating (high) long-term targets. 
The reason is that the RES-E deployment is independent from the development of total future supply and demand 
(e.g. for 2020), leading to less risk about TGC price development. However, under these conditions, DSM activi-
ties cannot be used as policy strategy to achieve a higher share of RES-E, because no link between RES-E target 
and electricity demand exists.  
103 The premium costs are determined by the TGC price times the amount of the quota obligation.  
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– In the case where the public pays the additional costs via general taxes and duties, the price 
signal of the electricity price is even lower compared to the case of no quota obligation. The 
lower market price leads to a higher electricity demand and, hence, to higher electricity gen-
eration from both conventional power and RES-E. In other words, if the additional costs are 
not directly imposed on the electricity price a higher absolute RES-E capacity is necessary to 
reach the quota target. Conventional electricity production, and hence, CO2-emissions rise too.  

Box 4.17 Comparison of RES-E deployment (transfer costs for society) in depend-
ency of the electricity demand within a TGC system and a FIT  
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The example above illustrates the impact of the development of the electricity demand on RES-E de-
ployment and resulting transfer costs for different policy options. More precisely, it allows a compari-
son of the effects for a FIT scheme and a TGC system. In general, it is assumed that either FITs or a 
TGC system is applied in 2005 in the Netherlands to meet an ambitious RES-E target in 2020 of (as 
default) 12% (on total demand) for electricity produced by new RES-E capacities (installed 2005 to 
2020). In addition, two demand forecasts are considered: A default BAU-forecast and a ‘efficiency’-
forecast assuming a slower demand growth up to 2020. These assumptions are reflected in the four dif-
ferent variants (A) to (D) as indicated in the figures above. 
The impact on the resulting RES-E deployment is illustrated in the upper figure - on the left-hand side 
expressed as share of total demand and on the right-hand side as comparison to the reference case (i.e. 
variant (A) – based on a FIT system in combination with the BAU demand forecast). As usual differ-
ences occur with respect to the dynamic deployment between the FIT- and the TGC-variants due to the 
differing mechanisms of either setting prices or demand.  
For 2020 the following can be observed: In case of FITs a higher deployment in ‘relative terms’ – i.e. a 
higher share of RES-E on total demand - occurs if demand is reduced. Although in ‘absolute terms’ de-
ployment is similar, i.e. produced GWh or installed MW. In contrary, in case of a TGC system a simi-
lar penetration can be observed in ‘relative terms’, but installed capacity or generation is lower if the 
demand is reduced.  
Total transfer costs as depicted in the lower figure follow more or less the RES-E  deployment in ‘abso-
lute terms’. I.e. a reduced RES-E demand in GWh in case of a TGC system leads to lower total societal 
transfer costs. In case of a FIT system total costs are independent from the demand development. Obvi-
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ously, the required premium per MWh total demand would be higher if a demand reduction takes place. 
Note in the case of a FIT scheme also a higher RES-E deployment occur.  

(k) The power market price decreases 
Similar to the situation implementing a feed-in tariff scheme, the spot market price decreases due 
to the market separation. Total conventional power demand is reduced according to the total  
RES-E quota. Hence, the power price is reduced accordingly.  

The net effect for both, electricity generator and consumer is ambiguous, depending on the net 
price effect. In the case that the premium costs from the promotion of the RES-E are smaller than 
the power price reduction due to the market separation104, consumer gains from the introduction of 
a quota obligation.  

(l) ‘Low’ premium costs for consumer in the early phase of the quota obligation - costs for 
society increase over time 
The additional costs for the consumer are low at the beginning of the TGC system. Reasons are:  

– low TGC volume in the initial stage.105  

– low TGC price as most cost efficient generation options will be exploited first. But these costs 
increase by the end of the period (depending on how ambitious the target is). 

Box 4.18 Transfer costs for society due to the promotion of RES-E technologies 
over time – in case of a TGC system 
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The example above illustrates the resulting transfer costs for society due to the promotion of RES-E 
technologies over time – in case of applying TGC systems. Thereby it is assumed  (i) that these schemes 
start in 2005 in Italy, and  (ii) that they refer solely to new RES-E capacities (installed 2005 to 2020). 
In total six variants are investigated: Variant (A) and (A+) represent the case where a rather low tar-
get is set;  variant (B) and (B+) describe the case of a moderate target and  variant (C) and (C+) refer to 
ambitious RES-E goals. As in case of TGCs investor’s risk represents an important issue, for each tar-
get a variant (i.e. A+, B+, C+) is applied differing to the default case by a higher WACC (8.6% instead 
of 6.5%). 
The impact on the resulting RES-E deployment is illustrated on the left-hand side above: In 2020 
within variant (A) new RES-E capacities contribute to a share of 4% on total demand, whilst with 
moderate targets a share of 8% can be achieved and, finally, by introducing high targets a share of 
12.2% occurs.  

                                                      
104 This means that the total electricity price including additional costs due to the RES-E support is lower than the 
initial power market price. 
105 Assuming that a TGC system for new capacity starts in 2005 and should reach a level of 12% in 2010. In the 
start phase – from 2005 to 2010 – the quota, and hence the number of certificates, have to increase every year by 
2%. After 2010 – assuming a constant target of 12%– the total TGC volumes remains more or less constant –only 
few new certificates are necessary covering the increase of the electricity demand.  
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The impact on the dynamic development of the accompanying transfer costs for society due to the  
RES-E policy is depicted on the right-hand side of the figure above. For the low target a rather ho-
mogenous premium occurs. In case of a moderate target transfer costs rise continuously up to 2020. 
Finally, for the ambitious target a dramatically steep rise can be observed. With respect to the ‘risk’-
variants the deviation depends on production level and varies over time.  

(m) The national burden depends on the national RES-E target – a homogenous, unique bur-
den sharing at the international level is easy to implement 
As already mentioned, the net benefit of introducing a TGC system for both, electricity generator 
and consumer is ambiguous, especially considering an international system. The premium costs 
for the consumer depend on the RES-E target (quota) and not on the actual national RES-E gen-
eration. This means the burden might differ between Member States since the quota targets dif-
fer.106 Therefore, it is likely, that the introduction of an EU wide TGC market will lead to a reduction 
of consumer prices in Member States with non-ambitious RES-E quotas, and vice versa in Mem-
ber States with ambitious RES-E quotas, i.e. the consumer prices will increase in these countries. 
A unique burden sharing - that is that the transfer costs for society due to the EU wide RES-E de-
ployment per kWh electricity consumption should be equal in all countries – can easily be imple-
mented by setting the same quota target in all countries.107  

Box 4.19 Comparison of transfer costs for society in different Member States fulfill-
ing their indicative RES-E target 2010  
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This example provides a comparison of resulting transfer costs for society in different Member States 
fulfilling the indicative RES-E target for 2010 both in case of a national and an international TGC sys-
tem. These results refer to the scenarios of national and international TGC systems as presented and 
discussed briefly in chapter 6 (i.e. named as ‘H4’ and ‘H5’ later on). Please note, in case of a national 
TGC system the overall EU-15 wide RES-E target of 22% will not be met as not all countries can met 
their country-specific indicative goals  
The grey and the dashed grey bars in the figure above describe the total transfer costs in 2010 in case of 
TGC systems introduced on national level. As there can be seen, huge differences occur. For four coun-
tries costs are more than twice as high as the European average. In contrary, four other countries 
would face costs in size of less than 50% of the average.  
In case of implementing an international TGC system a similar burden occurs for all Member States 
(neglecting additional transfer payments for existing capacities installed before 2005). This burden is 
in size of 70% compared to the European average in case of national trading schemes. 

                                                      
106 Consumers in Member States with a relative small quota, will enjoy the benefit of the international power and 
TGC price and only experience low extra costs of buying TGCs. Consumers in Member States with a relative am-
bitious target, will also enjoy decreasing power and TGC prices too, but will have a larger share of the TGCs price 
included in the consumer price. 
107 In this sense the entire promotion is shifted on the EU level. 
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4.2.4 Evaluation of a tender system 
 

4.2.4.1 Introduction 

In a tender system, potential generators of RES-E bid to a public authority with a price per MWh they 
require to generate electricity from RES or an investment subsidy to make an investment economi-
cally.108 It is likely that there will be legally enforceable obligations for RES associated with such pro-
grammes. If a proposal is considered viable and competes successfully on price terms against other 
potential generators, a contract is offered. In the case of a price bid, this requires each selected gen-
erator to sell the electricity to a local utility. In return the generator receives a guaranteed price per unit 
of output (usually the bid price) for a defined period as arranged by the authority. The premium price, 
i.e. the difference between price paid to the generator and the market price, is reimbursed from a fund 
or levy. Normally there are separate tenders for different RES-E technologies within different technol-
ogy bands. In the case of a tender with respect to required investment costs, the winner are supported 
with the claimed support per MW installed capacity.  

 

4.2.4.2 Main conclusions 

The main conclusions with respect to a tender system are: 

(a) Must be proven to be successful and effective – mainly depends on avoiding a stop and 
go nature  
Tender systems used to promote RES-E have been used in France (for wind energy) UK and are 
still in place in Ireland. Experiences with competitive tender schemes have shown that cost reduc-
tions are a key success factor of well-designed tender procedures. In practice long lead times be-
tween successful tendering and start of production have resulted in higher transaction and admin-
istrative costs then required in a more optimal situation. Effectiveness is greatly influenced by its 
design, especially with respect to pre-arranged planning permission, resulting prices and the num-
ber of bidders. The uncertainty in resulting deployments of tendering policies represents a huge 
barrier for potential investors. Especially for new market entrants the investor certainty can be low 
and transaction costs are often perceived as too high to prepare actual bids  

(b) RES-E target cannot be exactly reached but uncertainty is low - flexible in use and time 
A tender scheme is a flexible instrument increasing the RES-E capacity. Independently of the de-
sign it is easy to install and to replace. As the economic support of the individual RES-E plants re-
fers to the year of the tender, either in form of a guaranteed price or an investment subsidy, no 
major problems in changing the system (transition period) occur.  

In the case that certain capacities are invited for a tender, the RES-E target can be reached with a 
(relative) certainty.109 Under the assumption that the tender scheme is budget restricted110, a 
higher uncertainty about fulfilling the RES-E target exists. 

                                                      
108 Another option is that potential generators of RES-E bid to a public authority for investment subsidies they re-
quire to generate electricity from RES in an economically feasible way. 
109 Of course, only if the approved project will actually be implemented, which, however, is not ever the case in 
practice.  
110 For example 30 million € are available for a wind on-shore tender. 
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(c) Low to medium administration costs, medium to high transaction costs  
On the one hand, competitive tendering schemes have relatively low administrative costs. Admin-
istrative costs are mainly limited to staff time to run the tendering process and for monitoring the 
resulting projects. On the other hand, costs for investors (transaction costs) are high, as the pro-
ject planning must be made before the tender takes place. This means that issues concerning fi-
nance structure, technology type, site, grid connection, etc must be answered by each bidder. 
These costs, preventing or at least diminishing competition can be reduced by technology and lo-
cation specific tenders. This is the case if e.g. the site of a wind off-shore plant is already defined 
and grid connection agreed, before the tender procedure starts. This system, however, is just ap-
plicable for some technologies – wind off-shore, co-firing of biomass, hydropower and to a certain 
extent wind on-shore. The reduction of the transaction costs are partly compensated by higher 
administration costs.  

(d) Competition among the investors – if tender is not split into to much technology specific 
tenders 
A tender procedure represents an efficient instrument, based on competition among RES-E inves-
tors. This requires – similar to market size in case of technology specific quotas within a TGC sys-
tem – a sufficient size of capacity announced. 

(e) Helps to reduce costs for RES-E technologies 
Similar to the quota obligation based on TGCs, full competition entails that the cost components 
are as cheap as possible.  

(f) Does not necessarily lead to minimisation of generation costs  
Distortion between technologies may occur, if technology specific tenders are launched. There-
fore, total generation costs are not necessarily minimised within such a scheme. 111 

Box 4.20 Comparison generation costs applying technology specific tender scheme 
with a tender including all RES-E technologies 
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The figure above illustrates the impact of applying technology specific tender schemes versus a tender 
including all RES-E technologies on resulting generation costs. In more detail, it is assumed that ten-
der systems are introduced in 2005 in Portugal in order to achieve a  moderate RES-E target for 2020 
in size of 7.8% (on total demand) for electricity produced by new RES-E capacities (installed 2005 to 
2020). Two variants are investigated: Variant (A) refers to common tender system covering all RES-E 
options; and  variant (B) describes a tender system where technology specific tenders are set. Note, in 

                                                      
111 Assuming that one tender is launched for all technologies, total generation costs will be minimised. Under this 
condition, however strategic bidding can occur – see below.  
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both cases the similar overall target is met and as depicted on the left-hand side above, also a similar 
dynamic development occurs. 
The resulting impact on the dynamic development of generation costs of new RES-E capacities (in-
stalled 2005 to 2020) is shown on the right-hand side of the figure above. Over the whole period costs 
are by roughly 5% higher in case of variant (B) – i.e. the technology-specific tender – compared to vari-
ant (A) – i.e. the common tender systems. 

(g) Leads to low costs for society 
In theory, a tender procedure is a good instrument to minimise costs for society. Producer surplus 
can be reduced, due to competition among the investors. In practice, the selection of the single 
tender portfolios must be made with caution as, on the one hand, a too large diversification can 
lead to oligopolies and, on the other hand, the absence of a technology split favours strategic bid-
ding. In general, tender procedure lead to low costs for society if the following issues are consid-
ered: 

(i) Avoid monopoly and oligopoly structures  

If the tender is split into to many technology specific tenders oligopoly structures occur – espe-
cially in small countries - leading to higher bids and, hence, higher costs for society. 

(ii) Minimise strategic bidding  

If no technology diversification takes place and the RES-E target is ambitious, a too high ca-
pacity volume is launched within one tender. Such a system, however, invites investors to bid 
strategically. More precisely, if an investor knows that the generation costs are (much) lower 
than the marginal bid that will still be accepted (win), he can increase his offer strategically, i.e. 
the offer price will be a bit lower than the expected marginal offer.112 In general, the potential 
for strategic bidding rises with the information level of the potential investors, i.e. over time. 
One remedy to reduce strategic bidding is to introduce a technology specific splitting and / or 
ceiling price, i.e. only bids under this price will be considered in the tender.  

 

Bid prices, costs
[EURO/MWh]

Bid prices, costs
[EURO/MWh]

Tender 
capacity

Tender 
capacity

monopolistic and 
oligopolistic bidding
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Figure 4.7 Comparison of monopolistic / oligopolistic bidding with strategic bidding  

 

                                                      
112 Note that such behaviour differs from oligopolistic or monopolistic behaviour as in the latter case the general 
bid level rises, i.e. also the marginal bid!. In the case at issue only the bids lower than the unaffected marginal bid 
are influenced by strategic behaviour.  
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Box 4.21 Comparison of transfer costs for society considering / neglecting strategic 
bidding within the tender procedure  

The figure below illustrates the impact of strategic bidding (as likely in case of tender systems) on 
transfer costs for society. For Portugal it is assumed that tender systems are introduced in 2005  in or-
der to achieve a  moderate RES-E target for 2020 in size of 7.8% (on total demand) for electricity pro-
duced by new RES-E capacities (installed 2005 to 2020). Two variants are investigated: Variant (A) 
represents the case where strategic bidding is neglected; and  variant (B) refers to a tender system 
where investors act ‘strategically’ and, consequently, set strategic bids.  
As depicted on the left-hand side of the figure above the dynamic development of the leveled financial 
support for new RES-E (i.e. expressed as premium to power price) shows that over the whole period 
higher costs occur for the case where strategic bidding is considered.  
A similar result occurs with respect to the total transfer costs as illustrated on the right-hand side of 
the figure below. Similar to the dynamic interpretation on the left-hand-side it can be observed that 
variant (B) – i.e. the case where strategic bidding is considered - leads to higher societal costs (i.e. 
+17%) compared to the variant (A) in which strategic reactions are neglected. 
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(iii) Call for tender take place continuously 

Continued calls for tender are important to stimulate RES-E deployment and to stimulate com-
petition.  

(h) Helps to promote a specific portfolio among different RES-E technologies 
A tender scheme is a suitable instrument to stimulate a certain RES-E deployment, i.e. reach a 
specific RES-E portfolio in the long-term. A higher split leads, on the one hand, to more specific 
calls and hence a more diversified RES-E deployment, but, on the other hand, reduces the cost ef-
fectiveness among the different RES-E technologies.  

Box 4.22 Comparison of transfer costs for society applying technology specific ten-
der scheme with a tender including all RES-E technologies  
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The figure above illustrates the impact of applying technology specific tender schemes versus a tender 
including all RES-E technologies on transfer costs for society. Thereby, as already described in Box 
4.20 it is assumed that tender systems are introduced in 2005 in Portugal in order to achieve a  moder-
ate RES-E target for 2020 in size of 7.8% (on total demand) for electricity produced by new RES-E ca-
pacities (installed 2005 to 2020). Two variants are investigated: Variant (A) represents the case where 
only one common tender is applied covering all RES-E options; and  variant (B) refers to a tender sys-
tem where technology specific tenders are set. Note, in both cases the similar overall target is met. 
As depicted on the left-hand side of the figure above the dynamic development of the leveled financial 
support for new RES-E (i.e. expressed as premium to power price) shows that over the whole period 
higher costs occur in case of technology-specific tenders.  
By considering both the cumulative paid costs in the period 2005 to 2010 as well as the estimated re-
sidual costs which are still to pay in the period after 2010, total transfer costs are illustrated on the 
right-hand side of the figure above. Similar to the dynamic interpretation left it can be observed that 
variant (B) – i.e. the technology specific tenders - leads to higher societal costs (i.e. +18%) compared to 
the common tender system of variant (A).  

(i) Helps to reach an area or plant size specific distribution of a RES-E technology 
The promotion of RES-E technologies in a certain area or for specific technology sizes is easy to 
implement. In contrast to a feed-in scheme, no or only lower additional administration costs occur. 
Again, care must be given to maintain a competitive investment structure.  

(j) The RES-E deployment is (mainly) independent from the development of the total elec-
tricity demand 
For a tender procedure based on guaranteed prices, in principle, the same effects as for a ‘fixed’ 
feed-in tariff occur, namely:113 

– Market separation – technologies covered by the tender procedure versus residual electricity 
market 

– RES-E deployment is (mainly) independent from total electricity demand 

– Higher price elasticity on the spot market 

– In the case that the tender is based on investment subsidies investors have to consider a 
higher risk premium.  

(k) The power market price decreases  
Again, the effects are similar to those that can be observed in the case of a feed-in tariff scheme 
and a quota obligation. Under a tender scheme the power price drops due to the market separa-
tion.  

(l) ‘Low’ premium costs for consumer in the early phase of the quota obligation -  costs for 
society increase over time 
It can be expected that premium costs for consumer due to the tender procedure rise over time. 
The reasons are:  

– Lower total capacity that must be supported in the initial stage.  

– Relatively low bid price as most cost efficient generation options will be exploited first 

A more homogeneous premium cost development over time can be reached if: 

– a higher share of tender for less mature technologies is launched in the early stage;114  

                                                      
113 Compare also section on feed-in tariffs. 
114 Especially considering that the costs for the non-mature technologies can be reduced in the future, leading to a 
lower burden for society.  
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– the tender procedure is based on investment subsidies.  

This means that there are realistic options to avoid a high burden in the later phase of a promotion 
scheme. The development depends on the technology portfolio and on the capacity that is invited 
to bid over time. 

Box 4.23 Transfer costs for society due to the promotion of RES-E technologies 
over time – in case of tender systems  

The example below describes the dynamic development of resulting transfer costs for society for differ-
ent RES-E deployments – in case of applying tender systems. Thereby it is assumed  (i) that these 
schemes are applied in 2005 in Italy, and  (ii) that they refer solely to new RES-E capacities (installed 
2005 to 2020). In total six variants are investigated: Variant (A) and (A+) represent the case where a 
rather low target is set;  variant (B) and (B+) describe the case of a moderate target and  variant (C) 
and (C+) refer to ambitious RES-E goals. To get aware of the likely impact of strategic bidding (of in-
vestors) for each target a variant (i.e. A+, B+, C+) is applied differing to the default case by the fact 
that strategic bidding is considered. 
The impact on the resulting RES-E deployment is illustrated on the left-hand side above: In 2020 
within variant (A) (as well (A+)) new RES-E capacities contribute to a share of 4% on total demand, 
whilst with moderate goals a share of 8% can be achieved and, finally, by setting high targets a share of 
12.2% occurs.  
The impact on the dynamic development of the accompanying transfer costs for society due to the  
RES-E policy is depicted on the right-hand side of the figure above. For the low to medium targets 
rather homogenous premium costs occur. In case of a high target transfer costs rise continuously up to 
2020. With respect to the strategic bidding it can be clearly seen that in case of ambitious targets it 
represents a crucial issue – leading to societal costs utmost twice compared to the default case where 
this likely issue is neglected. Similar to a TGC scheme the deviation of a pure tender scheme to a mixed 
system is highly influenced by the RES-E target as well as the design of the additional support scheme- 
Again, a ‘bad’ design leads to higher, a ‘good’ design to lower transfer costs for society. 
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(m) National burden depends on the actual national RES-E deployment – a homogenous 
burden sharing at the international level is difficult 
The distribution of the consumer costs among the countries differs. Similar to a feed-in tariff 
scheme the burden depends on the actual national RES-E deployment. Hence a homogenous 
burden sharing is difficult to implement. A unique burden can be reached by setting the tender at 
the EU level.  

 

4.2.5 Combining different RES-E strategies 
It is also possible to mix the different system. In the following section a combination of the most impor-
tant strategies is briefly analysed.  
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4.2.5.1 Combining TGCs with feed-in tariff scheme or other subsidy system 

It is feasible to let some (less mature) RES-E technologies receive a feed-in tariff in addition to the 
TGC price. This means, these technologies will receive the politically determined tariff instead of the 
power price.115 In the case where the quota is unchanged compared to a TGC system without feed-in 
tariffs or other subsidies, the effect on the power price is unchanged. The introduction of additional 
feed-in tariffs only affects the TGC market. Some of the RES-E technologies are replaced by the RES-
E technologies that receive the feed-in tariff as the latter are more competitive due to the additional 
support from the feed-in tariff. A further consequence is that the TGC price decreases.  

The introduction of a feed-in tariff interferes with the functioning of the TGC market. However, it is also 
a way of ensuring a political determined diversity of RES-E technologies, and thereby hinders lockout 
of promising RES-E technologies. Similar effects occur applying an investment subsidy or a tax relief 
instead of a feed-in tariff scheme if both promotion schemes can be used simultaneously. 

 

Revenue
[EURO/MWh]

No additional 
support

Additional 
feed-in tariff

Additional 
premium

feed-in tariff

pTGC

pcon

pTGC

pFIT

pTGC

pcon

p∆FIT

 
Figure 4.8 Comparison of revenues: TGC system, TGC plus FIT, TGC plus premium FIT 

 

4.2.5.2 Combining TGCs with tender procedure  

When applying a tradable green certificate system together with a tender procedure based on guaran-
teed prices, the market volume must be considered.  

• In a small country the use of a comprehensive tender procedure, together with a green certificate 
market should be done with caution. Large tender-projects, like big off-shore wind parks, will not 
be small marginal ones compared with the quota. Therefore, they will have to be planned and im-
plemented outside the scheme. Otherwise the consequences might easily be that the price-
determination on the certificate market is heavily influenced by the tendering projects, jeopardising 
the confidence of other actors at the market. Moreover, the tendering projects will gain little or no 
benefits from the certificate system, because the prescribed quotas cannot be the driving force 

                                                      
115 It is also possible to give these technologies a feed-in tariff in addition to the TGC and power prices. Imple-
menting such a system leads to an increase of the transaction costs of the investor (3 different systems), the core 
result, however, remains unaffected.  
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behind large tender-projects, these ones having to be planned and implemented outside the sys-
tem anyway. In addition, the tender procedure should be designed to attract a large number of bid-
ders, the major requirements focusing on the needs for competencies with operations and con-
structions, implying that a considerable number of actors should be on hand. Nonetheless, it is 
recommended that specific sites for establishing the future big projects are chosen (implying that 
no free entrance will exist).  

 

Bid prices, costs
[EURO/MWh]

Quota

marginal generation costs
without big project

marginal generation
costs with big project

pTGC w.o.

pTGC w.

potential of big project

Potential

uncertainty 
?

 
Figure 4.9 Effects of big projects on (market) price for TGCs 

 

• In larger countries most renewable projects – even large offshore wind farms – will be marginal, 
not having any significant impact on fulfilling the quota obligation. Therefore, it might be relevant to 
utilise the tendering system to selectively promote those RES-E projects that are interesting in the 
long-term, but are presently not economically attractive in a TGC scheme.  

The combination of a TGC system and a tender procedure based on investment subsides causes no 
problems at the national level. On the contrary, cost development is more transparent if a quota sys-
tem is integrated with an investment subsidy based on a tender procedure than without the tender. 
The reason is that the bid price for the tender of this technology can be directly observed – important 
to observe the cost development over time. In the case of a TGC system and fixed investment subsi-
dies, i.e. they are not based on a tender – the cost development of this technology cannot be directly 
tracked as only the TGC price signal is known. At the international level, it is critical to combine an in-
ternational TGC system with national tenders based on investment subsidies. The reason is that this 
additional support may differ among the countries, i.e. while in one country a higher share will be pro-
moted another country may significantly restrict the additional budget for investment tenders. The con-
sequences are that those countries giving less additional support (via the tender) gain from such a 
combined scheme. They receive cheaper TGCs on the (subsidised) international TGC market without 
adequately contributing to the price reduction. In other words, strategic reaction at the national level 
cannot be avoided.  

 

4.2.5.3 Combining feed-in tariff schemes with tender procedure  

The mechanism behind a tender scheme is similar to a stepped feed-in tariff. The main difference is 
that the granted (guaranteed) price for RES-E will be determined by the market itself and not by a 
regulatory authority. Hence, the different systems interact in a fairly straightforward way.  
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It will not generate specific problems to introduce a tendering system for some technologies alongside 
to (pure) feed-in tariffs applied for other technologies. While some technologies receive a feed-in tariff, 
other technologies are supported by a tender procedure based on guaranteed prices. In particular, it 
can be useful to apply a tender procedure for non-mature technologies in order to be able to observe 
the cost development due to technological learning. 

Combining both instruments for one technology does not lead to huge advantages – two different pro-
cedures must be applied, leading to higher administration costs. Nevertheless for specific project 
where the general conditions are already predefined (e.g. the capacity, site, and grid connection) ten-
der schemes in parallel with a feed-in tariff schemes may provide some advantages.116  

 

4.2.6 Comparison of instruments and general effects of the promotion of  
RES-E technologies 

Please note, the main effects of the most important promotion schemes – feed-in tariff, quota obliga-
tion based on tradable green certificates and a tender system – are summarised and compared in 
Table 4.4 in a comparative way. 

 
Box 4.24 Comparison of total transfer costs for different instruments in dependence 

of the envisaged RES-E target 

This example provides a sound comparison of RES-E targets and resulting transfer costs for different 
promotion instruments. This comparison is conducted on a country level – where Italy has been se-
lected as representative of EU Member States without any striking characteristics of its RES-E re-
source. In more detail, the following instruments are applied:  (i) Technology-specific feed-in tariffs,  
(ii) TGC systems – considering / neglecting higher (investor) risks, and  (iii) Tender systems - consid-
ering / neglecting strategic bidding. Note, within all scenarios it is assumed that instruments are solely 
applied to new RES-E capacities (installed 2005 to 2020). 
The figure below illustrates the resulting total transfer costs for the instruments applied in dependency 
of the achieved RES-E deployment. Thereby, the following can be observed: 
• In case of low incentives / targets only small differences can be observed among the instruments. 
• In case of moderate to high incentives / targets huge differences between the applied instruments 

appear.  
Please note, a qualitative comparison of the instruments is given in the general text of this section! 
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116 Of course, the size of the investor market must be considered. It could lead to problems in small countries / big 
tender projects.  
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Box 4.25 Comparison of promotion instruments for achieving a moderate and an 
ambitious RES-E target in the mid-term 

Accompanying to the example of Box4.24 two specific RES-E targets – i.e. a moderate in size of 6% 
and an ambitious in size of 12.2% - are selected for an in-depth comparison of various issues:  
In more detail, based on the comprehensive comparison of policy instruments on a country level as un-
dertaken for Italy various results are depicted in the following. In more detail these are:  (i) RES-E de-
ployment over time,  (ii) the resulting RES-E portfolio in 2020,  (iii) generation costs, and  (iv) the 
necessary financial support for new RES-E over time. 

(i) RES-E deployment over time 
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(ii) the resulting RES-E portfolio in 2020 
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(iii) generation costs 
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(iv) the necessary financial support for new RES-E over time 
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There is no clear favourite support scheme; each instrument has its pro and cons. The most impor-
tant differences among the analysed support schemes are:  

• In contrast to a feed-in tariff scheme or a tender procedure, no adjustment is necessary to fulfil tar-
gets under a quota obligation if the penalty (penalties) is set right; 

• From society’s perspective, the cost effectiveness of the support scheme depends on the target 
that should be met. The RES-E target greatly influences the cost effectiveness of the applied in-
strument: 

– In the case of ‘low’ targets117 similar costs for society occur, irrespective of the chosen strat-
egy; 

– In the case of ‘high’ targets costs depend (significantly) on the chosen instrument and its de-
sign. 118  

• A tender scheme (based on price bids) represents a mix between a feed-in tariff (the price is guar-
anteed by a contract, hence, the risk and uncertainty about the economic conditions are low) and 
a TGC system (competition among the investors exist); 

• A tender scheme (based on price bids) is similar to a stepped feed-in tariff, but with the difference 
that the granted price for RES-E will be determined by the market itself and not by a regulatory au-
thority. Under the assumption of a ‘perfect’ market, the feed-in tariffs set by the public body are 
higher and thus inefficient from the society’s point-of-view compared with a tender scheme. How-
ever, a feed-in tariff can be the more efficient solution when considering strategic bidding, the 
problems of an oligopoly structure and higher administration and transaction costs of the tender 
scheme; 

• Introducing a tender system alongside a feed-in tariff or a TGC system will not create specific 
problems in large markets (or for small tender schemes). The different systems interact in a fairly 
straightforward way. The advantage of tendering is the ability to support specific technologies at 
specific points in time and thus in many ways this system is complimentary to more general sup-
port systems, such as feed-in tariffs and TGCs. Of course, to guarantee an effective RES-E devel-
opment within a tendering system – equal to a feed-in tariff or TGC – stop and go strategies must 
be avoided. 

                                                      
117 Normally these conditions are represented by a flat RES-E supply curve.  
118 Usually under these conditions the RES-E supply curve is steep, allowing a higher producer surplus if the in-
strument is not well chosen. 
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• Generation costs can be minimised by avoiding a differentiation among the promotion of the dif-
ferent RES-E technologies. In practise, a TGC system fits best due to the competitive character. 

• A quota obligation based on TGCs is less efficient with respect to the transfer costs for society 
compared to other instruments analysed, as, firstly, a higher risk must be born by the generator, 
and, secondly, the efficiency gains achieved by implementing this instrument are absorbed by the 
producer (high producer surplus) and not by the consumer. 

• Feed-in tariffs and tender schemes are useful in promoting a more homogeneous distribution 
among different technologies by setting technology-specific guaranteed tariffs. The long-term tech-
nology development of various RES, which are currently not cost-efficient, can be stimulated by 
implementing such a policy. This can be essential to decrease future generation costs for these 
technologies and to increase the available future potential. This means, there will be a higher po-
tential available at lower costs in the future. Of course, this positive effect is compensated by eco-
nomic distortions among the RES. 

• In addition, governmental planning and control effort increase with the complexity of the feed-in 
tariff scheme or the diversification of the tender procedure. The gain for society occurring from a 
more specific approach must be compared with these premium costs. In addition, the rent seeking 
and lobbying activities increase under such conditions compared to a more simple implementation 
or a TGC system. 

• Assuming a medium to high RES-E target, transfer costs for society are more flat over time under 
a feed-in tariff scheme, followed by a tender procedure compared to a quota obligation – leading 
to higher public acceptance. 

• One advantage of an international TGC system is that a homogenous distribution of the RES-E 
costs among the countries (consumer) is easy to implement. Under the assumption that the level 
of the quota obligation is unique among the Member States, the same burden on consumer oc-
curs. In the case of a feed-in tariff scheme or a tender procedure, the premium costs for consumer 
depend on national RES-E generation, i.e. if the actual deployment is high, the burden is high too. 
Hence, it is difficult to reach a harmonisation among the countries. Of course, considering addi-
tional benefits from RES-E (rural development, job creation etc.), which occur in the country that 
actually developed the technologies, differences in the burden are – to a certain degree – justified.  

• With respect to the generation structure (of RES-E and conventional power) and CO2 emissions 
similar developments can be observed independent of the applied promotion instrument, if com-
paring a TGC system, a harmonised feed-in tariff (where the guaranteed price is set equal to the 
spot market price plus the TGC price) or a general tender scheme (which includes all technologies 
in a single tender). 

 

As already discussed the different promotion instruments for RES-E technologies have an impact on 
the (conventional) power market and their greenhouse gas abatement too. The generation structure 
for RES-E and conventional power (including GHG emissions) depends – in principle – on the design 
criteria of the different instruments. This means that with all discussed support schemes the same ca-
pacity deployment and the same reduction in CO2 emissions can be reached.119  

                                                      
119 For example, a unique feed-in tariff for all RES-E technologies (the guaranteed price is set equal to the power 
market price plus the TGC price) or a tender scheme, which includes all technologies within one tender have the 
same effect as a joint quota obligation for all RES-E technologies. 
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Most important general effects of RES-E policies are in this context:  

• All (analysed) main instruments – fixed feed-in tariff scheme, TGC system and tender procedure - 
give priority rights to a certain amount of RES-E. This implies that the power market is split (di-
vided) between a priority market and a ‘free’ competitive market. The promotion of RES-E tech-
nologies will displace a corresponding amount of conventional power by lowering the demand for 
conventional power. The market price of power will decrease when support schemes for RES-E 
are introduced assuming a competitive market and increasing marginal cost of conventional 
power; 

– In a closed economy with no international power trading increased RES-E production will to-
tally replace domestic conventional power and thus an equivalent emission reduction will be 
achieved; 

Box 4.26 Comparison of CO2-emissions with and without RES-E policy in a 
closed / open economy 

The example below provides a comparison of CO2-emissions with and without RES-E policy in a closed 
as well as an economy. Exemplarily Denmark has been chosen for this investigation. In total four vari-
ants are investigated:  
• Variant (A) represents the reference case where it is assumed that after 2004 no RES-E policy is 

applied to promote new RES-E options; and  variant (C) describes the development of RES-E if a 
RES-E policy setting moderate incentives would be in place up to 2020. Note, for these both cases 
it is further assumed that the national electricity market is not linked to the international market – 
i.e. representing a closed economy. 

• Supplementary to above variant (B) and (D) represent similar cases as above assuming an open 
economy – i.e. the European electricity market with its interconnections between the countries as 
it does exist today. 

The resulting RES-E deployment is illustrated on the left-hand side below: In 2020 within variant (A) 
and (C) the share of RES-E on total demand is decreasing until 2020 – to a level of 22% within the 
closed market (variant (A)) or even to 20% in case of international trade (as power prices are slightly 
lower in variant (C)). In contrast, with moderate RES-E policies as assumed for variant (B) and (D) 
RES-E achieves a share of roughly 40 to 41% in 2020. Thereby, RES-E can contribute faster in the 
short-term in case of an open market as technical restrictions (grid limitations and balancing) for RES-
E are on a lower level. 
On the right-hand side of the figure below, the impact on the development of CO2 emissions (referring 
to the national power market) is illustrated. Thereby, the deviation to the reference case (variant (A) - 
i.e. no promotion of new RES-E after 2004 within a closed market) is depicted. With moderate RES-E 
promotion incentives in a closed market as assumed for variant (C) CO2 emissions will decrease to a 
level of roughly 89% in 2020 compared to the reference. For an open market the impact on national re-
duction is ambiguous as the actual reduction depends on the conditions on the international spot mar-
ket. Hence, with similar RES-E policies the resulting reduction of CO2 emissions within Denmark is 
lower – compare the blue line (variant (D) – open market) with the red line (variant (C) - closed mar-
ket) on the right-hand side of the figure below! 
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– In an open economy with international power trading and sufficient interconnections among 
the countries an ambitious national RES-E policy does not automatically replace domestic 
conventional power and, consequently, does not lead fully to a national reduction in CO2 emis-
sions. In an open economy, the distribution of the national conventional electricity reduction is 
independent from the total national RES-E generation. The national conventional electricity 
production depends only on the conditions on the international spot market (marginal genera-
tion plant). As CO2 emissions are related to power generation, the same conclusion is valid for 
national CO2-reduction: how the total increase in RES-E generation itself is distributed among 
the countries has no influence upon the realised CO2-reduction in each of the countries. 
(Morthorst, 2003); 

• The total consumer expenses for electricity due to the introduction of a fixed feed-in scheme, a 
TGC system or a tender procedure can increase or decrease as the additional costs for RES-E 
due to their promotion are counteracted by the decreased market price of conventional power.  
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Table 4.4 Comparison between feed-in tariff scheme, quota obligation based on TGC and tender 
procedure  
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4.3 Evaluation of CO2 policies – tradable emission allowances  
Tradable emission allowances (TEAs) are designed to help in achieving a given emission target at 
minimum costs, but they can also be used to advance the RES-E deployment.120 In general the follow-
ing effects occur when introducing a TEA system: 

• Conventional supply costs increase.  
Under a TEA carbon-intensive plants face higher relative increases in marginal production costs 
than less carbon intensive power producers, i.e. the merit order of conventional plants may 
change and the supply curve is now at a higher level. The additional costs depend on the marginal 
costs of CO2-reductions, that is the emission allowance price.  

• The price on the power spot market increases unambiguously (unless the marginal producer 
is generating is carbon free) 
The reason is that the costs of reducing CO2 emissions rise. The magnitude of the increase de-
pends on the  

– GHG goal 

– available portfolio of electricity plants 

– other GHG reduction options, the TEA price depends on all possible options that can be used 
to reduce the GHG emissions (including a reduction in output) 

– price elasticity of power demand121; 

– Other factors such as regulatory pricing mechanisms, available generating capacity, competi-
tive pressure, price elasticity of demand, market concentration and allowance allocation 
method 

• The TEA differ between a national and an international scheme  
The TEA price under a national TEA system will generally differ from the price under an interna-
tional TEA system. Depending on the CO2 reduction options within the markets, the TEA market 
price can be both, higher or lower within a national TEA system compared to an international im-
plementation scheme. 

• A TEA favours all economically measurable CO2 reduction options in the same way.122 

This means a TEA scheme induces a stronger development of: 

– RES-E technologies123; 

                                                      
120 Note that emissions are reduced via target setting and not the trading scheme. 
121 Likewise, the consumer price will increase when a TEA system is introduced. 
122 This means, not directly measurable benefits from the different options are not considered such as increased 
diversity of national power supply, increased security of supply, avoided pollution associated with conventional 
electricity generation, added value of developing new industries (e.g. new jobs, service skills, diversity of rural 
employment, export and manufacturing capacity).  
123 For the following groups different incentives exist using RES-E technologies:  

- Renewable electricity from independent producers  

This is the case of RES-E generators entirely and exclusively dedicated to the generation of RES-E. That 
means they do not produce electricity from conventional sources. Thus, they do not have a CO2 emission 
target to comply with and neither are CO2 allowances allocated to them under a grandfathering scheme nor 
would they have to buy allowances under an auction system. However, these firms would benefit from a 
TEA system since they would receive a higher price for the electricity they sell on the market.  

- Renewable electricity from conventional producers.  
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– fuel switching options (to less carbon intensive production); 

– efficiency improvements on the supply side; 

– options to reduce the electricity demand (DSM). 

• Introducing a national TEA market in a (small) country with an international power market 
leads to the following effects: 
– The power price will be (mainly) given exogenously to the (small) country, i.e. the TEA system 

has only a marginal effect on the power price. Therefore, implementing a national TEA system 
in a country with an international power market (interconnections are available) only provides a 
marginal stimulus for national RES-E deployment; 

– The international competitiveness of the thermal power supply sector in the small country is 
(dramatically) reduced. The country increases its share of electricity import or reduces its 
share of electricity export compared to the situation before introduction of the national TEA 
system. 

– The CO2-emissions will be actually reduced within the country  

• Introducing an international TEA market within an international power market leads to the 
following effects:124  
– The new and higher level of the consumer power price will be the same for all consumers 

within the liberalised power market; 

– The higher spot price will induce a development of RES-E technologies in all countries, al-
though RES-E will not be specifically favoured compared to other CO2 reduction options. Both, 
RES-E and conventional power production will be developed where it is most efficient. 

– An international TEA market may – in reality – lead to market separation due to different power 
generation structure and the limited interconnections 

• The type of TEA allocation - independently if in combination with a RES-E promotion scheme or 
not (compare also chapter 5.1 “The relationship between RES-E (FIT, TGCs) and CO2 (TEAs)”) - 
is important for implementing an international TEA scheme for both producers and con-
sumers: 
– If Member States have different quotas for CO2 emissions, total (but not marginal) costs for 

power producers will be biased if the TEAs are grandfathered125 to the companies covered by 
the TEA system. The higher the quota compared to the available CO2 reduction options the 
better off they will be. Thus, in countries where the government wants to achieve significant 

                                                                                                                                                                      

Conventional electricity results in the emission of carbon dioxide. If a cap is put on those emissions, which 
is the case under a TEA scheme, conventional generators would have to give the pertinent environmental 
authority a quantity of CO2 allowances at the end of the compliance period for every ton of CO2 emission 
discharged. As renewable electricity does not emit CO2, conventional generators do not have to keep al-
lowances for the RES-E fed into the grid. In other words, by generating a combination of renewable elec-
tricity and conventional electricity, generators may provide the same amount of electricity to the market. 
But they would only have to submit allowances for the amount of electricity produced by conventional CO2 
emitting sources, not for the renewable electricity. This means that a lower amount of allowances is thus 
necessary. These extra allowances can be sold in the market getting revenues in return. Or it may mean 
that the conventional generator does not need to buy these allowances in order to comply with its CO2 
quota. It is quite clear that this benefits renewable electricity insofar as this electricity does not have to be 
covered by allowances. Also, since the conventional generator would have lower abatement costs if  
RES-E is deployed, this would be an attractive option. 

124 The same effects occur when implementing a(n inter)national TEA scheme in an isolated power market. 
125 They are distributed free of charge depending on historic emissions or a benchmark system. 
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CO2 reductions by means of the TEA scheme (low quota for all installations), the power pro-
ducers will be hurt economically, compared to companies in countries with less ambitious CO2 
reductions (high quota for all installations). Hence, differing rents in the electricity sector occur 
implementing a grandfathering system. As for consumer costs, under ideal conditions it does 
not matter whether the allowances are given away for free or auctioned off or sold at a fixed 
price.  

– If allowances are allocated via an auction126 there will be no bias between power producers, 
even when countries have different quotas for CO2 emissions, because the additional costs 
due to the GHG restrictions are already included in the (rising) conventional electricity price. 
This means the agreed quota of each country leads to no distortions within the electricity sup-
ply industry. However, under these conditions distortions among the consumer may occur 
which is of especially importance for the competitiveness of the industry. Total additional elec-
tricity costs are low for consumers in countries with a less restrictive GHG target compared to 
consumers in countries with a more restrictive goal. The reason is that in the first case more 
revenues received from selling tradable GHG emission permits can be reimbursed (from the 
state) to the consumer.  

– An equal burden sharing among Member States in determining the quotas (that is the same 
relative reduction compared to previous emissions) will imply the same (relative) economic ef-
fects on power producers no matter whether a grandfathering or an auction scheme is used to 
allocate allowances. 

 

4.4 Evaluation of DSM policy 
The consequences of supporting activities to reduce the electricity demand mainly depend on the 
structure of the national power market, i.e. to which extent it is integrated into an international system. 
In the following the effects of the two extreme cases are discussed, namely: a fully isolated market 
without interconnection of other electricity markets and a fully integrated market without import / export 
restrictions. 

The main effects of the DSM support scheme within a national isolated electricity system are:  

• the national electricity demand drops127; 

• the national power price decreases; 

• the national electricity production declines128; 

• the national CO2-emissions go down129. 

The consequences for the various parties involved are: 

• Electricity consumers applying DSM measures130: 
They gain twice from DSM measures: Firstly, they reach the same service output by consuming 
less electricity and, secondly, they benefit from lower electricity prices.  

                                                      
126 Here TEA must be purchased.  
127 The reduction is calculated by the difference between demand reduction due to the DSM and the increase of 
service demand due to the lower electricity price. 
128 In general both conventional power and RES-E could be reduced, depending on the marginal conditions. 
129 Of course, only under the assumption that the (marginal) substituted power plants are fossil fuel-based ones. 
130 With respect to society, a distinction between the group of consumers actually implementing DSM activities 
and the group of customers not directly implementing demand-side measures must be made. 
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• Electricity consumer not applying DSM measures: 
The benefit for this group is ambiguous. On the one hand, they gain from the electricity price drop. 
On the other hand, they co-finance the DSM support scheme. Hence, the net effect for all custom-
ers due to DSM can be both, either positive or negative.  

• National electricity generators: 
The net effect on the national electricity generators is negative for two reasons: Firstly, due to the 
lower electricity demand, and, secondly, due to the drop in the electricity price.  

• Total national effect: 
The total effect of DSM support measures for both - electricity producer and consumer - is nega-
tive. This means that the gains due to lower power price cannot fully compensate the necessary 
additional financial support for implementing DSM activities. Of course, this conclusion is only true 
if and only if external effects from the electricity generation and/or climate change targets are ne-
glected.131  

In the case of an international power system, the following effects can be discerned:  

• the national electricity demand drops132; 

• the power price decreases less, if DSM measures are only implemented in (some) small coun-
tries133; 

• the national electricity generation decreases less than the national demand is reduced. Parts of 
the “free” electricity capacity will be used to export power or reducing the import of electricity, re-
spectively134; 

• only parts of the total CO2-emission reductions due to the DSM activities remain in the country, the 
other reductions take place abroad135; 

• the net effects for consumer and producer in the country implementing the DSM are mainly nega-
tive 

– consumers actually implementing the measure can gain, but can also lose; the actual effect 
depends on the share of the additional expenditures necessary to implement the measures; 

– consumers not implementing the measure probably lose as only low positive effects due to the 
slightly power price reduction can be expected;  

– the electricity generators lose compared to no activities, but gain compared to a national mar-
ket. The reasons are, firstly, the power price remains higher, and, secondly, the national pro-
duction level is higher (share of export increases); 

• the net effects for consumer and producer in the country not implementing the DSM are ambigu-
ous  

                                                      
131 Note that a similar result occurs with respect to the promotion of RES-E technologies and all other strategies 
promoting a specific technology. 
132 A higher national demand reduction occurs compared to the case of a national power market assuming the 
same financial support. The reason is that in the latter case the service levels increase more strongly due to a 
lower power price.  
133 The reason is that the international supply curve is flat compared to the national one. This means that a de-
mand reduction has less influence on the price structure. Assuming that a small country is only a price taker, no 
price reductions occur. 
134 The reason is that the actual electricity generation in one country depends totally on the marginal electricity 
conditions on the spot market and not on the distribution of the national demand relations. Hence, DSM measures 
may only have small impacts on national electricity generation. 
135 Again, the actual reduction depends on the marginal conditions of the electricity generation structure.  



86 Final Report of the project Green-X 

– all consumers abroad gain from the expenditures made in the country implementing the DSM 
activities. This means that this country subsidises the consumers in all other countries due to 
the (slightly) lower power price;  

– all producers loose a little due to the slightly lower power price. 

Summing up, consumers in the country carrying out an active DSM policy, subsidise the consumers in 
all other countries due to the lower electricity price and ‘free’ CO2 reduction. Hence, DSM measures at 
a national level are no adequate policy for national CO2 reduction within a liberalised power market. 

 

4.5 Evaluation of CHP policy (general observations) 
Combined Heat and Power (CHP) saves primary energy and exhibits much lower CO2-emissions than 
the separate production of electricity and heat in fossil-fuelled power plants and boilers. These emis-
sion savings tend to be in the range of 20-50%. The EU, therefore, wants to increase the share of 
electricity from CHP from 9% in 1994 to 18% by 2010. Although the potential for CHP is substantial, 
liberalisation in the electricity and gas markets has resulted in an economically difficult situation for 
CHP in most EU Member States. In addition, support programmes for electricity from renewable en-
ergy sources make RES-E more attractive relative to electricity generated by CHP plants (CHP-E). 
Thus, without support programmes for CHP, only little additional CHP-E may be produced in the near 
future. Likewise, whether the European Emissions Trading System (EU ETS) will push or harm CHP-E 
depends on the actual design of the system, in particular, on the treatment of CHP within the primary 
allocation of allowances in the so-called National Allocation Plans.136 In the following, we summarise 
the effects of a particular additional support measures for CHP. It is assumed that a tradable certifi-
cate system for CHP-E is implemented.  

Introducing a quota for CHP-E as a share of total electricity production leads to the following effects137: 

- the electricity market is split into a market for CHP-E on the one hand and into a market for 
electricity from other, say, conventional technologies on the other hand 

- the additional costs for CHP-E are levied on conventional electricity 

- the production of CHP-increases (assuming the quota is binding)  

- the electricity production by other technologies decreases 

- the prices and profits producers of CHP-E receive increase 

- the prices and profits producers of conventional electricity receive drop 

- the effect of the CHP-quota on the consumer price is generally ambiguous, i.e., it can either 
be higher, the same or lower compared to the electricity price without a CHP-E quota 

- total costs of production will be higher than before, because CHP-E is more expensive than 
the conventional power, which is substituted by CHP-E 

                                                      
136 An initial analysis of the NAPs shows that Member States differ considerably in the way they treat CHP. Some 
MS provide no additional support (i.e. extra allowances) to CHP plants, some only for new CHP plants, and some 
for both new and old CHP (Betz et al. 2004).  
137Demand is assumed to be fairly inelastic, that is for a long-run analysis output effects would have to be taken 
into account as well.  
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5 Trade offs of RES-E with other policies  
 

5.1 The relationship between RES-E (FIT, TGCs) and CO2 (TEAs)  
In the following the effects of a coincide use of two policy goals - the promotion of RES-E technologies 
and the fulfilment of a GHG-target (in combination with TEA) - are investigated with respect to market 
price development, RES-E deployment, GHG emissions and costs for society and producer.  

 

5.1.1 Efficient strategies reaching a RES-E, a CO2 target or both goals simul-
taneously 

• Both a TEA system and RES-E policy schemes can be used to reach RES-E deployment 
goals and emission reduction targets.  
The application of either a pure RES-E policy or a pure GHG-target to reach both objectives, the 
promotion of RES-E and the restriction of GHG emissions, can be understood as the corner ap-
proach of the simultaneous use of the two instruments.138  

– Pursuing only a RES-E deployment, the application of a pure RES-E policy is favourable 
from the consumer’s point-of-view 
An introduction of a TEA system alone will increase the power price and thereby also the con-
sumer price, whereas an effective RES-E strategy in some cases will lower the total costs for 
consumer. Thereby, it is always better, with respect to minimise the burden for consumer, to 
use a RES-E strategy instead of both a RES-E policy and a TEA scheme or only a TEA 
scheme.  

– Pursuing only a GHG reduction, the optimal choice of instruments depends on the cor-
relation between the total consumer price and the RES-E policy.  
In the case that total costs for the consumer decreases if RES-E instruments are used (nega-
tive correlation)139, it is optimal to apply a pure RES-E policy despite that only a GHG-target 
must be reached. In the case of a positive correlation, however, it is optimal to use the TEA 
system. Note that the power market structure is important in this context. Assuming that an 
ambitious RES-E policy is applied on national level only, i.e. other countries do not pursue an 
active RES-E policy and the power market is liberalised, the power price only marginally drops 
compare to a harmonised RES-E policy on international level. Under this assumption the cor-
relation is probably positive, and the application of the RES-E to reduce national GHG emis-
sions is less effective. Despite high costs for society, only a low national GHG emission reduc-
tion may occur. National power producer will increase their export rate or reduce their imports, 

                                                      
138 On the one hand, similar to an application of a RES-E policy (feed-in tariff scheme, a tender procedure or a 
quota obligation), total electricity demand will be separated into two parts: A demand for RES-E generation from 
promoted RES-E technologies138, and a demand for conventional power and non supported RES-E, supplying the 
spot market. On the other hand, equivalent to the case of a pure TEA system, the additional CO2-costs must be 
considered in the marginal supply curve for the conventional electricity part. With a coincide use, however, these 
costs depend on the RES-E deployment. 
139 Negative correlation means that the costs for consumer drop if a RES-E policy is applied. In this case, the ad-
ditional costs caused by the promotion of RES-E are lower than the gain for the consumer due to the decrease of 
the power market price. Simply spoken, a higher RES-E deployment leads to lower costs for society. It the correla-
tion is positive or negative depends on the assessment of additional benefits, which occur from the RES-E de-
ployment. 
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respectively.140 In other words, within a liberalised electricity market a national RES-E policy 
can not be used to reduce national GHG emissions in an efficient way. 

– Pursuing both goals simultaneously, the optimal choice of instruments again depends 
on the correlation between the total consumer price and the RES-E policy.  
In the case of a negative correlation between the promotion of RES-E and the consumer price, 
only a RES-E policy instrument should be used to reach both goals. If a positive correlation ex-
ists, it is optimal to use both instruments.141  

Considering only economic costs of RES-E generation, in reality it is probably that a positive 
correlation between RES-E deployment and costs for society exists. This means that it is op-
timal to use a TEA system and a separate RES-E instrument to guarantee the important goals 
for the EU, the exploitation of RES-E and the fulfilment of the GHG target. This means that it is 
inefficient to replace a separate RES-E policy with a TEA system if the deployment of RES-E 
is still a political goal. This is especially true if the power market is open and other countries 
are pursuing a different policy. An ambitious climate policy in a (small) country, which is con-
nected to an international electricity market, can only contribute marginally to national RES-E 
exploitation.  

However, it is a priori not clear, which share of RES-E minimise the total cost for the con-
sumer. The consumer costs consist of the conventional electricity price and the additional 
costs due to the RES-E support. One the one hand the conventional electricity price decrease 
with a higher share of RES-E. On the other hand the additional costs for the customers rise 
with the increase of the promotion of RES-E.142 

 

5.1.2 Effects of RES-E policy on power generation, price, emissions and costs 
In general, the effects of the RES-E policy on the GHG policy and the power market are independent 
from the kind of RES-E instrument, i.e. only the total amount of RES-E generation is relevant. How-
ever, the effects are influenced if the RES-E policy is implemented on national or international level. 
General effects are:  

• The promotion of RES-E leads to a decrease of both power price and TEA price 
In general, the additional CO2-costs for conventional power decrease with an increasing share of 
RES-E. The reason is that a higher share of conventional electricity will be substituted by CO2-free 
electricity from RES-E and, hence, the demand for conventional electricity will be decrease. Due to 
the lower demand in combination with the same (constant) total CO2-target the necessity to re-
duce the specific CO2 emissions per MWh diminishes, which leads to a reduction of the TEA price. 
Therefore, the marginal conventional supply curve is a function of the RES-E achievement. A 
lower share of RES-E - equivalent with an increasing pressure to fulfil the CO2-target despite a 
high amount of fossil power plants - favours plants with low specific CO2-emissions. As the TEA 
price indicates the additional CO2-costs, the TEA market price is high in this case. Furthermore, as 
the marginal conventional electricity generation costs (including additional CO2-costs) determine 

                                                      
140 The condition, whether to produce electricity from conventional plants depends only on the international spot 
market price level. As long as the interconnections are available, the national production is (mainly) independent 
from the national RES-E policy, especially in a small country. 
141 For more analytical discussions, see (Jensen and Skytte 2003). 
142 The TEAs do not directly affect the consumer costs. The CO2-restriction, however, is internalised in a higher 
conventional electricity price. In addition, the allocation of the TEA influences the consumer costs. In the case that 
the TEAs are sold via an auction system – and reimbursed to the customers – consumer costs are lower com-
pared to a free allocation of TEAs.  
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the spot market price, the electricity price is high too. On the contrary, if the RES-E deployment is 
high, the TEA price and the spot market price are low. 

• RES-E policies, which give priority to a certain amount of RES-E, will displace a corre-
sponding amount of conventional power by lowering the demand for conventional power.  

• Total electricity generation costs rise due to the application of a RES-E policy  
Total electricity generation costs increases with the promotion of RES-E technologies. The reason 
is that distortions to other CO2 reduction options occur, i.e. an active RES-E policy favours the de-
velopment of RES-E compared to other CO2-reduction options. Purely seen from the perspective 
of the CO2-reduction, other efficient options (like efficiency improvement or fuel switching) will not 
be used adequately.143  

 

5.1.2.1 RES-E policy is introduced on national level (no harmonisation) 

• Higher power price reduction can be gained if the power market is isolated. 
The extent of the price reduction depends on the market structure of the electricity sector. Within a 
national isolated market, a RES-E deployment leads to a higher drop than within an internationally 
embedded market. In addition, the more competitive the market is, the more likely it is that a re-
duction in costs will be drive down prices 

• High reduction of the CO2 emissions occur if the market is isolated 
– In a closed economy with no international power trading increased RES-E production will to-

tally replace domestic conventional power and thus an equivalent emission reduction will be 
achieved. 

– In an open economy with international power trading and sufficient interconnections between 
countries an ambitious national RES-E policy does not automatically replace domestic conven-
tional power and thus does not lead to a full national reduction in emissions. Other potential 
benefits related to the renewable development such as increased employment and industrial 
development, however, also accrue in the case of an international power market to the country 
implementing the RES-E technologies. 

• Higher benefits (for consumer) occur within an isolated power market 
If consumers have to pay for the increase in RES-E the effect on total transfer costs for consumer 
is ambiguous: the increased costs for RES-E are counteracted by the decreased market price of 
conventional power. This means that a RES-E policy in a country with a less interconnected power 
system effects higher benefits than in countries which are embedded in an international power 
system.  

 

                                                      
143 In a static short-run consideration, RES-E can not fully compete with all other GHG-emission reduction options. 
Nevertheless, beside the cost advantages for the customers that can be occur due to the promotion of RES-E, re-
newables has other assets too. For example: increased diversity of national power supply, increased security of 
supply, avoided pollution form “conventional” electricity generation, added value of developing new industries (e.g. 
new jobs, service skills, diversity of the rural employment, export and manufacturing capacity).  

Considering a dynamic technological development stimulated by the promotion of RES-E, in the long-run, RES-E 
generation may be a better answer to the climate problem and to a sustainable energy system than the adaptation 
of conventional electricity plants also with respect to minimise generation costs. Hence, to secure the develop-
ment of RES technologies by using a separate promotion scheme for RES - beside pure climate change policy – 
makes sense. 



90 Final Report of the project Green-X 

5.1.2.2 RES-E policy is introduced on international level (harmonisation)  

Introducing an EU wide ambitious RES-E policy will have the following effects 144: 

• Power price drops also if power market is liberalised 
As in a national system the development of RES-E technologies will lead to lower prices on the 
power spot market, assuming increasing marginal supply costs for conventional power plants and 
no market power. Under a coordinated scheme, however, the power price actually also drops if 
the power market is interconnected as total electricity demand for conventional power is reduced  

• Domestically achieved CO2 emission reduction depends on power market structure 
As part of a liberalised power market the domestically achieved emission reductions will depend 
on the marginal conditions on the power market. Thus the nationally achieved emission reductions 
will have to be shared among those countries participating in the power market. The emission re-
duction is independent of the actual distribution of RES-E generation among the countries. 

• Other benefits related to actual national RES-E deployment  
The other benefits related to RES-E development, i.e. increased employment and industrial devel-
opment will be gained by those countries actually implementing the renewable technologies inde-
pendent of the RES-E quotas in the individual Member States.  

• Despite harmonised conditions on RES-E and power market benefits differs between the 
countries 
Even though the power price is determined on a common power market, the effect on consumer 
prices might differ between the Member States since the green quotas differ. Consumers in Mem-
ber States with a relatively small green quota, will enjoy the benefit of the decrease in the power 
price and only experience low extra costs of buying TGCs. Consumers in Member States with a 
relatively large green quota, will also enjoy decreasing power prices, but will have a larger share of 
the TGC price included in the consumer price. Therefore, it is likely, that the introduction of an EU 
wide TGC market will lead to a reduction of consumer prices in Member States with small green 
quotas, and to the opposite effect in Member States with large green quotas, i.e. the consumer 
prices will increase in these countries. Note that an equal burden sharing, that is the same relative 
quota in all countries, will lead to the same consumer price in all countries. 

 

5.1.3 Effects of a TEA system on RES-E, power generation, price and costs 
Although mainly focusing on CO2 reduction options in general, the introduction of a system of tradable 
emission allowances (TEA) will also have an a positive effect on the promotion of RES-E technolo-
gies:145  

• The price at the power spot market will unambiguously increase because of the cost of re-
ducing CO2 emissions. The supply curve for power will be shifted upwards corresponding to the 
marginal cost of CO2 reductions, i.e. to the emission allowance price. The resulting increase in the 
power price will depend on the price elasticity of power demand. Again, the benefit depends on 

                                                      
144 Note that for most of the described effects it is not as important to use the same instruments as to agree on the 
same level of effort pursuing a RES-E deployment. For example, the power price actually drops if all countries im-
plementing an active RES-E policy compared with the case that such a policy will be implemented exclusively in a 
(small) country. 
145 In the case of no additional RES-E policy. The effect of a TEA scheme on RES-E policy depends mainly on the 
kind of RES-E support scheme, see below. 
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the power market structure. In a closed economy prices will rise (much) more than within an inter-
national environment, if other countries are pursuing a less ambitious or no climate policy.146 

• Likewise, the consumer price will increase when a TEA system is introduced, leading to a 
reduction of the electricity demand 

• The higher spot price will induce a stronger development of RES-E technologies, although 
RES-E will not be specifically favoured compared to other CO2 reduction technologies like fuel 
switching to less carbon intensive production or efficiency improvements on both the supply and 
the demand side. 

• Different CO2 quotas leads to economic distortions among the power producer  
If the Member States have different quotas for CO2 emissions the costs for power producers will 
be biased if the tradable emission allowances are grandfathered (distributed free of charge de-
pending on historic emissions) to the companies covered by the TEA system. The higher the 
quota is compared to the available CO2 reduction options the better off they will be. Thus, in coun-
tries where the government wants to achieve significant CO2 reductions by means of the TEA 
scheme (low quota for all installations), the power producers will be hurt economically, compared 
to companies in countries with less ambitious CO2 reductions (high quota for all installations). If al-
lowances are allocated via an auction there will be no bias between power producers, even when 
countries have different quotas for CO2 emissions. 

An equal burden sharing among Member States in determining the quotas (that is the same rela-
tive reduction compared to previous emissions) will imply the same (relative) economic effects on 
power producers no matter whether a grandfathering or an auction scheme is used to allocate al-
lowances. 

In contrast to the effects of RES-E policy on power price and CO2 emissions, the effects of a GHG pol-
icy on RES-E policy schemes are ambiguous and depend on the kind of RES-E promotion scheme.  

• A TGC system, a premium tariff scheme, investment subsidies or tax relief reacts on 
GHG policy  
– RES-E deployment (slightly) drops in the case of a quota obligation.  

A TEA system influences the RES-E deployment based on a quota obligation in both, a posi-
tive and a negative way. On the one hand, the absolute RES-E generation drops compare to 
the case of no GHG policy. The reason is that higher power price leads to a reduction of the 
electricity demand. As the demand is directly linked to the RES-E quota, a lower amount of 
RES-E generation – in absolute terms – is necessary.147 On the other hand, the quota obliga-
tion is easier and cheaper to achieve. Note the higher power price has no influence on the 
RES-E deployment and the gains for the producer, because this price increase will be fully 
compensated by a reduction of the TGC price.148 In total, the same revenue for the RES-E 
generator occurs than without a TEA scheme; 

– RES-E deployment rise in the case of a premium feed-in tariff scheme, investment sub-
sidies or tax relief 
Under these schemes, the effects on RES-E deployment are contrary to those under a quota 
obligation. If the additional support is constant – i.e. they will not adapted due to the existence 
of the TEA scheme -, a higher RES-E deployment occur compare to the case of no TEA 

                                                      
146 In an open economy and international TEA scheme the new and higher level of the consumer price of power 
will be the same for all consumers within the liberalised power market. 
147 Of course, in relative terms the quota remains constant. 
148 TGC-price is given by marginal generation costs minus conventional market price. 
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scheme. The reason is that a higher power price (caused by the GHG-constraint) increases 
the competitiveness of the RES-E technologies, because the additional support for RES-E is 
independent from the higher spot market price. Those technologies, which are already com-
petitive (with the help of the RES-E support) are now over-subsidised, leading to higher costs 
for consumer.  

• A feed-in tariff scheme and a tender procedure are independent from the GHG target  
In contrast to the RES-E instrument discussed above, a feed-in tariff and a tender scheme based 
on guaranteed tariffs are independent from the GHG-policy. Note, the reverse, however, do not 
hold, i.e. these RES-E policies influenced the GHG-policy! In other words, the RES-E instrument 
directly influences the GHG policy (e.g. the TEA price), but the climate change policy do not have 
any direct effect on the deployment of RES-E as the RES-E deployment is independent from both 
electricity demand and electricity price.149  

The impact of a tradable emissions allowance scheme on the singe RES-E support schemes are 
summaries in Table 5.1.  

 

Table 5.1 Impact of TEA on RES-E support instruments 

Impact RES-E instrument 
on 

 
of 

Issue 
TGC FIT / tender 

premium FIT,  
investment incentives, 

tax relief 

 
RES-E deployment 
 

slightly decrease no impact increase 

transfer costs for con-
sumer due to RES-E decrease 

 
no impact 
 

ambiguous  

total transfer costs for 
consumer (TEA plus 
RES-E) 

ambiguous increase increase 

TEA 

 
RES-E target 
 

easier to reach easier to reach (much) easier to reach 

 

5.1.4 Effects on consumer, power producer and RES-E generator combining 
RES-E and GHG policy 

The effects for consumer, power producer and RES-E generator combining RES-E and GHG policy 
can be summarised as follows:  

• Consumer: As already explained, a joint strategy reduces costs for society if RES-E generation 
and net consumer price have a positive correlation (which is probably the case neglecting external 
costs from the RES-E deployment).150 The optimal promotion level for RES-E depends on the 
marginal conditions for RES-E generation, spot market and TEA price, and can not determined 
easily; 

                                                      
149 Of course, only as long as the GHG-target is not as ambitious that the power price exceeds the guaranteed 
feed-in tariff or that the bids within a tender would drop to zero. Obviously, under this assumption a separate RES-
E policy does not make any sense, as no additional RES-E capacity will be installed.  
150 And both, a RES-E and a GHG-target should be reached by the policies. 
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• Power producer: A decrease of the TEA costs leads to a reduction in compliance costs. How-
ever, if total producer surplus rise or drops due to the possibility to buy cheaper TEA depends on 
their portfolio of power plant technologies and on the marginal conditions on the different markets. 
151 

• RES-E generator: In the case of a feed-in tariff, tender scheme or quota obligation, RES-E gen-
erators are unaffected. The reason is that under these schemes, the revenue from RES-E genera-
tion is independent from the power market price. In the case of a quota obligation, the lower TGC 
price will be compensated by a higher power price. Using a premium feed-in tariff, an investment 
subsidy scheme or a tax relief, RES-E generators gains, if the additional revenues from the higher 
spot market price will not be compensated by a lower premium.  

Summing up, in principle, there seems to be no major obstacles for combining both strategies; of 
course caution must be given on the level of RES-E promotion.  

 

 

5.2 Evaluating the relationship between RES-E (FIT, TGCs), CO2 
(TEAs) and DSM 

 

5.2.1 General interaction RES-E policy and DSM 
In general the following interactions between RES-E and DSM activities can be observed:  

• Depending on the support instrument, the use of DSM activities can have significant impacts 
on electricity demand, power prices and thus on RES-E capacity development, especially if 
the power market is less open.  

• Pursuing an active national DSM policy in an international power market leads to a smaller 
power price reduction (, especially if it is a small country). In addition, the national electricity 
generation decreases less than the national electricity demand drops, as parts of the “free” elec-
tricity capacity will be used for exporting power. Hence, only part of the CO2 emission reductions 
due to DSM activities remains in the country. This means that consumers in this country subsidise 
the consumers in all other countries due to the (slightly) lower power price. 

• An implementation of DSM activities at the international level leads to higher power price 
reductions compared with the situation where the measure is only implemented in one (small) 
country, assuming an international power market152. Consequently, the RES-E policy is influenced 
to a higher degree by DSM.  

• With respect to the transfer costs imposed on consumers a clear answer can be given as, whether 
the net cost effect is positive or negative depends on the marginal conditions of RES-E and con-
ventional power generation as well as on the marginal costs of electricity demand reduction.  

 

                                                      
151 Assuming that the additional costs for reaching the GHG target can be fully imposed on the power price (full 
competition and no political price setting), generator from less CO2-emitting plants (e.g. gas-fired power plans) 
lose if the additional CO2-costs drops (and coal fired plants are the marginal power plants).  
152 This assumes that the power price decrease under international conditions (harmonised DSM policy and liber-
alised power market) compared with a national DSM strategy within an (mainly) isolated market depends on the 
country specific conditions, i.e. the electricity generation structure. 
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5.2.2 Effects of DSM on RES-E policy 
As already mentioned measures reducing the electricity demand have different effect on the effective-
ness and efficiency of RES-E policies. In the following the interactions are described for each main 
RES-E support scheme: 

• Effect of DSM policy on a TGC scheme  
The interactions between DSM measures and a quota obligation for RES-E can be summarised 
as follows: 

– DSM activities reduce both the demand for conventional power and the demand for TGCs. 
The reason is that the share between RES-E and conventional power is (usually) directly 
linked via the quota obligation. Hence, DSM helps to reach the RES-E quota, i.e. the applica-
tion of demand reducing activities represents an option to fulfil the quota obligation. In this 
sense, these two instruments works well together;  

– Consequently, the total electricity generation from RES-E decreases; 

– The TGC price (probably) increases compared to the case of no DSM. However, producers 
are neither negative nor positive affected from the increase of the TGC price, i.e. the RES-E 
generators receive the same revenue for the same amount of electricity fed into the grid.153 

– It is ambiguous if the DSM activities in combination with the TGC system lead to lower total 
costs for the consumer or not. The application of DSM influences the premium costs for RES-
E positively – an electricity demand reduction leads to a lower RES-E demand and hence a 
decrease in premium costs. Consumer gains, if the additional costs caused by the DSM activi-
ties are less than the gains from the lower electricity price and the diminished premium costs 
for RES-E154 due to the demand reduction.155  

• Effect of DSM policy on a feed-in tariff or a tender scheme  
The following effects can be discerned:  

– In the case of a feed-in tariff or a tender scheme, the amount of RES-E generation retains un-
affected from the introduction of a DSM policy. The reason is that, in contrast to the quota ob-
ligation, the RES-E demand only depends on the level of the guaranteed price – a high feed-in 
tariff entails a high demand. As these two instruments are not directly linked, no joint adjusted 
and balances policy is needed and / or possible.156  

– DSM activities fully reduce the conventional power generation. Hence, the demand for conven-
tional power is more elastic than in the case of a quota obligation, due to the inelastic RES-E 
demand. Hence, the conventional power generation reacts more sensitive on price changes. 

– The net effect for the consumer is ambiguous. The introduction of a DSM policy has no effect 
on the RES-E deployment and hence the costs (for society) from RES-E policy. Under this as-

                                                      
153 The lower revenues on the spot market are fully compensated by a higher revenue on the TGC market. Of 
course, less new RES-E capacity will be built due to the lower demand, leading to a lower absolute RES-E target. 
In this sense, new RES-E investors are (slightly) negative affected. 
154 Cost diminishes due to a lower absolute amount.  
155 The effects are highly influenced by the power market. Within a liberalised system (interconnection are avail-
able) power price only drops marginal due to a national DSM activity.  
156 Neither positive - e.g. DSM can be used to facilitate the fulfilment of the RES-E target (as in the case of a 
quota obligation) - nor negative effects - e.g. that DSM reduce the RES-E deployment in absolute terms (as in the 
case of a quota obligation) - occur.  
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sumption the consumers gain from the introduction of a DSM if costs for promotion DSM are 
lower than the cost reduction on the power market; 157 

• Effect of DSM policy on a a premium feed-in tariff, an investment subsidy or a tax relief  
The economic efficiency of new RES-E technologies will be reduced due to the power price reduc-
tion caused by the lower total conventional electricity generation, i.e. the gap between the conven-
tional generation costs and RES-E costs increases. Hence, in the case of premium feed-in tariff, 
an investment subsidy or a tax relief, the competitiveness of the RES-E technologies drops, lead-
ing to a lower RES-E deployment. Of course, the effect depends “only” on the reaction of the elec-
tricity price. The elasticity is low in an international embedded liberalised market compare to an 
isolated one. In addition, by adapting the premium support, this effect can be avoided.158  

The effects of measures reducing the electricity demand on the singe RES-E support schemes are 
summaries in Table 5.2.  

 

Table 5.2 Impact of DSM activities on RES-E support instruments 

Impact RES-E instrument 
on 

 
of 

Issue 
TGC FIT / tender 

premium FIT,  
investment incentives, 

tax relief 

 
RES-E deployment 
 

slightly decrease no impact decrease 

transfer costs for con-
sumer due to RES-E ambiguous 

 
no impact 
 

decrease 

total transfer costs for 
consumer (DSM plus 
RES-E) 

ambiguous increase ambiguous 

DSM 

 
RES-E target 
 

easier to reach easier to reach harder to reach 

 

5.2.3 Interactions of TEA scheme and DSM policy 
TEA and DSM policies mutually influence each other in a positive way. On the one hand, the introduc-
tion of a TEA scheme leads to an increase of the power price, and subsequently, a higher consumer 
price. This encourages the consumer to reduce their electricity demand. In addition, a rise in the 
power price makes DSM more cost efficient. Therefore, lower (financial) incentives are necessary to 
promote efficiency improvements on the supply side or a higher demand reduction can be reached, 
assuming that the financial incentive remains constant.159  

On the other hand, an effective DSM policy reduced the electricity generation (both national and inter-
national, depending on the marginal generation conditions and interconnections) and hence the CO2-
output. A lower emission level, however, reduces the TEA price and the costs for (producer and) con-
sumer.  

                                                      
157 In contrast to a quota system DSM can not help to reduce additional costs for RES-E deployment.  
158 In this case – and in contrast to a quota obligation – the existence of a liberalised power market structure has a 
positive impact on RES-E deployment. However, negative effects with respect to national GHG emissions. 
159 This, of course causes higher costs for consumer. 
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If the net effect with respect to the costs for society is positive or negative depends on the following 
conditions.  

• Additional costs for DSM policy 

• Reduction of the TEA price 

• Reduction of the electricity price due to DSM and lower TEA premium. The costs depend mainly 
on the market structure (isolated market versus liberalised market) and the level of DSM (and cli-
mate) policy (national promotion versus harmonised policy). 

Summing up, independent if a RES-E policy exist or from the kind of RES-E or climate policy, in a lib-
eralised market DSM measures should be harmonised on an international level. 

 

 

5.3 The relationship between RES-E (FIT, TGCs) CO2 (TEAs) and 
CHP 

 

5.3.1 Effects of RES-E support schemes and TEA system on CHP deployment 
and policy 

The effects of RES-E support schemes and climate change policies have that following effects on the 
development of CHP generation: 

• It is possible that the production of power from CHP will increase in response to the intro-
duction of RES-E policy. 
– The introduction of a TGC system where the share of RES-E is based on total electricity pro-

duction will displace electricity produced from CHP, if CHP is the marginal power producer160  

– The introduction of a TGC system, where the share of RES-E is based on conventional elec-
tricity production (without CHP-E) the effects on CHP-E are ambiguous. Thus, it is possible 
that the production of power from CHP will increase in response to the introduction of a TGC 
system.  

• It is ambiguous whether any emission reductions at all are achieved when supporting RES-
E technologies in a CHP system. 

• The effects of a TEA system on CHP-E will depend crucially on the allocation of allowance. 
If the cost increase for CHP-E is higher compared to other production technologies, CHP-E will 
decrease. Likewise, if the cost increase for CHP-E is lower compared to other production tech-
nologies, the production of CHP-E will increase.  

Introducing a quota for CHP-E and a quota for RES-E (as a share of total electricity production) simul-
taneously has the following implications: 

- the market is split in a market for CHP-E, in a market for RES-E and in a market for conven-
tional electricity production 

- the additional costs for both, CHP-E and RES-E, are levied on conventional electricity 

- production of conventional power will be substituted for RES-E and CHP-E 

- the prices and profits producers of CHP-E and of RES-E receive increase 

                                                      
160 Of course, if it is difficult to substitute electricity generation from CHP – for example the heat demand must be 
covered by CHP plants -, no or only a marginal reduction of the electricity price occur. 
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- the prices and profits producers of conventional electricity receive decrease 

- the effect of the CHP- and RES-E-quotas on the consumer price is generally ambiguous, i.e., 
it can either be higher, the same or lower compared to the electricity price without CHP-E and 
RES-E quotas 

- total costs of production will be higher than before, because CHP-E and RES-E are more ex-
pensive than the conventional power, which is substituted by CHP-E and RES-E 

 

5.3.2 Effects of CHP policy on RES-E support schemes  
The effects of a CHP policy on RES-E deployment is significantly influenced by the kind of RES-E pol-
icy and whether the CHP quota is based on total electricity generation or on conventional electricity 
generation only. 

• Power price drops due to CHP policy 
Due to promotion of CHP the demand for pure conventional power is reduced. Hence, the power 
price drops. The price reduction is higher if the strategy is implemented internationally compared 
to the case of a national CHP policy (and a liberalised power market).  

• Depending on support scheme share of pure RES-E plants may drop 
The promotion of CHP leads to diminished electricity generation from pure RES-E plants in the 
case of a TGC system, a premium feed-in tariff scheme, an investment incentive or a tax relief and 
remains unaffected in the case of a feed-in tariff or a tender scheme.  

• Share of RES-E CHP plants may rise 
Depending on the design of the CHP policy, the share of RES-E production from CHP may in-
crease. Hence, the net effect with respect to total electricity generation from RES-E is ambiguous.  

• Effects on consumer price is ambiguous 
Depending on the design of the RES-E instruments, promoting CHP might result in ambiguous ef-
fects on consumer prices and on the volume of deployed RES-E and CHP.  

Table 5.3 summarised the impact of CHP production on the different RES-E support schemes.  

 

Table 5.3 Impact of CHP policy on RES-E support instruments 

Impact RES-E instrument 
on 

 
of 

Issue 
TGC FIT / tender 

premium FIT,  
investment incentives, 

tax relief 

RES-E deployment ambiguous no impact / increase 
decrease for pure el. 
plants / ambiguous for 
CHP plants 

transfer costs for con-
sumer due to RES-E ambiguous decrease / no impact 

decrease for pure el. 
plants / ambiguous for 
CHP plants 

total transfer costs for 
consumer (CHP plus 
RES-E) 

ambiguous ambiguous ambiguous 

CHP 

 
RES-E target 
 

ambiguous ambiguous ambiguous 
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5.4 The relationship of RES-E (FIT, TGCs), CO2 (TEAs) and Kyoto 
Mechanisms 

 

5.4.1 Introduction 
International agreements have an impact on renewable electricity deployment. In this chapter, the ef-
fects of the Kyoto Protocol (KP) on the development of RES-E in Europe are analysed.  

In order to help industrialised countries achieve their Kyoto Protocol targets in a cost-effective manner, 
the KP161 allows industrialised countries to use three international “flexible mechanisms”:  

• International Emission Trading (IET); 

• Joint Implementation (JI); 

• Clean Development Mechanism (CDM).  

The later two instruments involve the realisation of emission reduction projects in foreign countries. 
Emission reduction credits are awarded to those companies carrying out projects abroad. These pro-
jects include a wide variety of possibilities, including energy efficiency and renewable energy projects.  

 

5.4.2 Impact of Kyoto mechanisms assuming no RES-E policy 
First, the interactions of CDM/JI projects with an EU tradable emission allowance scheme are dis-
cussed. Analysing this is important, since policy trends in the EU point in the direction of coexistence 
between both instruments, as envisaged in the “Linking Directive”. Both instruments have different 
goals but mutual effects. The discernable effects on RES-E generators, conventional generators, 
emissions and consumers’ welfare if CDM/JI projects are:  

• Kyoto mechanisms make it easier and cheaper for EU power producers to comply with the 
given EU emission quotas 
The acceptance of emission reduction units (ERU) and certified emission reductions (CER) as 
given by the CDM/JI-schemes to replace tradable emission allowances in the EU TEA scheme will 
make it easier and cheaper for EU power producers to comply with the given EU emission quotas. 
The introduction of CDM/JI projects would have significant price effects on both the electricity and 
the TEA markets. A reduction in compliance costs causes a lower CO2 allowance price (TEA 
price) and a lower TEA price put a downward pressure on the price of electricity. This means the 
price of electricity would also tend to go down compared to a situation in which CDM/JI projects 
can not be used. The extent to which it will go down depends on the market structure of the elec-
tricity sector. The more competitive the market is, the more likely it is that a reduction in costs will 
drive down prices. 

• Kyoto mechanisms leads to a lower RES-E deployment in Europe  
In general, a lower compliance cost for conventional electricity will boost cost-competitive tech-
nologies, allowing them to take a higher share of the electricity market. Only the expensive con-

                                                      
161 The KP sets an overall quota for the emission of GHG from industrialised countries (“Annex I Parties”) which 
agreed to reduce the emissions from a basket of six greenhouse gases in 2008/2012 by 5,2% against 1990 levels. 
The EU accepted a legally binding emissions reduction target of 8% by 2008-2012. An agreement on differenti-
ated burdens per Member State was also reached. 
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ventional electricity would not enter the market. The lower power market price will result in a lower 
(or even non-existing) deployment of renewable electricity in Europe.162 

– Conventional producers generating also renewable electricity might consider abandoning 
some RES-E plans. Of course, this would depend on how they produce renewable electricity. 
The decision will be based on a comparison between the marginal costs of renewable energy 
deployment (which allows conventional generators to reduce CO2 emissions) and the cost of 
CO2 allowances. The higher the former and the lower the latter, the less attractive is the de-
ployment of renewable electricity; 

– In the case of pure RES-E producer the costs remain unaffected from the lower TEA price, but 
the revenues from the lower electricity price drops; 

• CDM /JI projects could be very beneficial for the deployment of RES-E outside of the EU 
It should be noted that the above discussion focuses on the effects of CDM/JI projects on RES-E 
deployment in Europe. Of course, CDM/JI projects could be very beneficial for the deployment of 
RES-E in less developed countries (hosts). It could also have a beneficial effect for Annex I coun-
tries since these could export their RES-E technologies to the host countries finding a market for 
their technologies. In general, it would be attractive for companies to deploy electricity from RES in 
a CDM/JI project up to the point where an additional kWh of RES-E costs more than the price of 
allowances (as CERs/ERUs are turned into allowances). If it costs more, it would not be profitable 
to produce an additional kWh, because it would then be more beneficial for the company to buy al-
lowances in the market place.  

• Total CO2 emissions is neutral (if the baselines are correct) 
Although there is less pressure to shift the power industry to a low carbon emitting (e.g. gas) or 
CO2-free technologies (RES) and to increase the efficiency on both supply and demand side in the 
Member States than before, the firms have contributed in the same amount to reduce CO2 emis-
sions by buying CO2 allowances (formerly CERs and ERUs) from CDM/JI projects). More CO2 
emissions would take place in the country but, since CO2 is a global warming gas, it does not mat-
ter, because those additional emissions will be made up by the CDM/JI projects. Instead of reduc-
ing CO2 emissions through a higher deployment of renewable electricity in the country, the com-
pany/country complies with their emission quota by buying allowances in the international market, 
stimulating thus the implementation of CDM/JI projects.  

• This combination of changes in prices would have a positive impact (welfare improving) for 
consumer, ambiguous effects on conventional electricity generators and negative effects 
on RES-E generators.  
– The lower spot power price will be beneficial for EU power consumers, because consumers / 

suppliers pay the electricity price, and this goes down due to lower prices for CO2 allowances; 

– The possibility to buy cheaper CO2 leads to a reduction in compliance costs for these actors. If 
the total producer surplus increase of drops depends on the competition, the own power struc-
ture, the TEA target and allocation.  

– RES-E generator do not benefit at all from the reduction in the CO2 allowance price, because 
neither they are allocated free allowances (under grandfathering) nor will they have to buy al-

                                                      
162 According to Criqui and Kitous (2003), taking into account the Acceding Countries in the EU trading scheme 
results in an allowance price of 26 €/tCO2. Unrestricted opening of the EU ETS to JI and CDM credits would lead 
to an allowance price of around 5 €/tCO2. A 6% limit on the import of credits done by the enlarged EU ETSe 
(meaning that 6% of the requested objective can be fulfilled by such credits obtained through JI and CDM) would 
result in an intermediate allowance price of 12 €/tCO2. 
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lowances in the market (auction). Therefore, their costs remain the same but, since the elec-
tricity price has gone down, their revenues are lower163. 

 

5.4.3 Impact of Kyoto mechanisms assuming an active RES-E policy 
The interactions of CDM and JI with an EU tradable emission allowances scheme and RES-E policies 
can be summarised as follows: 

• RES-E policy helps to reach GHG target 
The additional RES-E support makes it easier and cheaper for EU power producers to comply with 
the GHG-target compare to the situation without a RES-E policy. Thus both, the TEA price and 
power market price drops.  

• An ambitious RES-E policy in Europe makes CDM/JI projects less attractive.  
As the TEA price drops with an increase of RES-E only cost efficient CDM/JI projects (with lower 
costs than the TEA price) will be implemented.  

• A very ambitious RES-E policy even can be critical.164  
In the case that the RES-E policy reduces the TEA price under the level of the international price 
for ERU/CER, the EU will be a net exporter of certificates - via the international emissions trading 
scheme. This means that the European citizens would subsidies the international climate policy 
via RES-E generation in Europe! This, of course, is very expensive and economically inefficient. 

• The RES-E deployment depends on the kind of promotion instrument.  
The following effects with respect to the development of RES-E technologies compared to a situa-
tion without interactions with Kyoto-instruments occur:165 

– applying a quota obligation, the RES-E deployment (slightly) rise 

– applying a fix feed-in tariff scheme or a tender procedure, the RES-E deployment remains un-
affected 

– applying a premium tariff scheme, an investment subsidy or a tax relief, the RES-E deploy-
ment drops 

• CO2 emission level in the EU drops 
Global CO2-emissions remain constant; the emissions in Europe will be reduced due to the RES-E 
policy compared to the case of no additional RES-E support.  

• Distortions between CO2 reduction options occur 
From the pure perspective of a cost efficient CO2-reduction, the promotion of RES-E causes dis-
tortions compared to other reduction options like efficiency improvement (on both supply and de-
mand) and fuel switching. 

                                                      
163 Note that, of course, there would still be more deployment of renewable electricity in Europe in a situation with 
a TEA market and CDM/JI projects than without these measures being implemented, the reason being that a TEA 
market with a target on conventional CO2 polluting electricity provides a strong incentive for renewable electricity.  
164 Currently, the RES-E policy within the European Union is fare away from this point.  
165 The interactions are reveres to those of the introduction of a coincide TEA and RES-E strategy (compare chap-
ter 5.1). 
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• This combination of changes in prices would (mainly) have different impacts on all the ac-
tors considered, i.e. RES-E generators, conventional electricity generators and consumers.  
Similar to the case described before, some power producer will gain other lose from the linkage.  

– A combined strategy for RES-E and GHG-reduction reduced costs for consumer (see also 
chapter 5.1 ”. 

– The possibility to buy cheaper CO2 leads to a reduction in compliance costs for the electricity 
generator. 

– In the case of a feed-in tariff, tender scheme or quota obligation, RES-E generators are unaf-
fected.166 Using a premium feed-in tariff, an investment subsidy scheme or a tax relief, RES-E 
generators loose as the reduced revenues from the lower spot market price will not be com-
pensated.  

 

 

5.5 Summary interactions 
 

Table 5.4 Overview interactions of RES-E, power market, TEA, DSM and CHP  

Policy Impact         on 
 
of conventional power TEA DSM CHP 

RES-E 
generation drops; 
price drops; 
CO2-emissions drops 

lower TEA price; 
CO2-target easier to 
reach 

lower demand generation ambiguous 

TEA 
generation drops; 
price drops; 
CO2-emissions drops 

 
lower demand; 
DSM more cost-efficient 

generation ambiguous, 
depending on the alloca-
tion 

DSM 
generation drops; 
price drops; 
CO2-emissions drops 

lower TEA price; 
CO2-target easier to 
reach 

 generation drops 

CHP 

generation drops; 
price drops; 
CO2-emissions increase 
in power sector, (proba-
bly) decrease over all 
sectors 

ambiguous, depending 
on allocation; 
CO2-target in power sec-
tor harder to reach; on 
(inter)national level eas-
ier to reach 

ambiguous  

 

Most relevant interactions among the different investigated policy schemes, i.e. RES-E, power market, 
TEA, DSM and CHP as depicted in Table 5.4.  

The effects of other policy instruments on RES-E deployment and transfer costs depend on the RES-
E instrument itself. 

Table 5.5 gives an overview about GHG policy, DSM activities and the promotion of CHP on RES-E 
support schemes. 

                                                      
166 Applying a feed-in tariff or a tender, the revenue from RES-E generation is independent from the power market 
price, in case of a quota obligation, the lower power price will be compensated by a higher TGC price.  
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Table 5.5 Impact of GHG policy, DSM activities and promotion of CHP on RES-E support schemes 

Impact RES-E instrument 
on 

 
of 

Issue 
TGC FIT / tender 

premium FIT,  
investment incen-

tives, tax relief 
 
RES-E deployment 
 

slightly decrease no impact increase 

transfer costs for consumer 
due to RES-E decrease 

 
no impact 
 

ambiguous  

total transfer costs for con-
sumer (TEA plus RES-E) ambiguous increase increase 

TEA 

 
RES-E target 
 

easier to reach easier to reach (much) easier to reach 

 
RES-E deployment 
 

slightly decrease no impact decrease 

transfer costs for consumer 
due to RES-E ambiguous 

 
no impact 
 

decrease 

total transfer costs for con-
sumer (DSM plus RES-E) ambiguous increase ambiguous 

DSM 

 
RES-E target 
 

easier to reach easier to reach harder to reach 

RES-E deployment ambiguous no impact / increase 
decrease for pure el. 
plants / ambiguous for 
CHP plants 

transfer costs for consumer 
due to RES-E ambiguous decrease / no impact 

decrease for pure el. 
plants / ambiguous for 
CHP plants 

total transfer costs for con-
sumer (CHP plus RES-E) ambiguous ambiguous ambiguous 

CHP 

 
RES-E target 
 

ambiguous ambiguous ambiguous 
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6 Results from simulations with the Green-X toolbox on 
EU level 

6.1 Definition of scenarios  
The aim of the scenario runs is to analyse the effects of different support schemes – both harmonised 
and non-harmonised policies among the EU 15 Member States – with respect to RES-E deployment, 
investment needs, generation costs and transfer costs for consumers.  

The RES-E Directive (EC/77/01) sets a minimum framework for RES-E policy. However, in line with 
the Principle of Subsidiary, it allows each MS to choose the support scheme, which “corresponds best 
to its particular situation”. Taking account of the wide diversity of promotion schemes between Mem-
ber States, the Directive states that it is too early to set a Community-wide framework regarding sup-
port schemes.  

By 10/27/2005, the Commission should present a report on the experience gained with the application 
and coexistence of different support schemes in the Member States. The report may be accompanied 
by a proposal for a Community framework for RES support schemes (art.4.2). However, it does not 
prejudge what the RES-E policy scheme should be used for in the future. Not even if a common RES-
E promotion scheme should be implemented.  

The directive also stipulates that such a proposal for a harmonised support framework should allow a 
transition period of at least 7 years (thereafter) in order to maintain investors’ confidence and avoid 
stranded costs. Therefore, at least in the short/medium-term, national support schemes will continue 
to be used by MS to promote RES-E. In the future – at least - some sort of combination of a commu-
nity framework (harmonisation) and continuation of MS policies for new and existing capacity is possi-
ble. 
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Figure 6.1 Investigated cases 

 

The model runs try to consider the spread of possible RES-E policy deployment within the EU in the 
following way:  
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• No harmonisation, where currently implemented policies remains available (without any adapta-
tion) – business as usual (BAU) forecast  

• After a transition period of 7 years, a harmonisation of the support schemes takes places. To 
be able to analyse the effect of different (harmonised) policies compared to the status quo (BAU) it 
is assumed that the same RES-E target as under BAU conditions should be reached by 2020. The 
following currently must promising and favourable policies should be investigated under harmo-
nised conditions:  

– Feed-in tariff 

– International TGC system 

– National TGC system 

• To investigate how the RES-E target influences the efficiency of different support schemes, a sec-
ond more ambitious RES-E target should be reached in 2020. More precisely, it is assumed 
that 1000 TWh should come from RES-E technologies in 2020 assuming: 

– Current policy (BAU) up to 2012 - 7 year transition period - and a harmonised system thereaf-
ter. Again the goal should be reached by applying the following support mechanisms:  

• Feed-in tariff 

• International TGC system 

• National TGC system 

– Harmonisation should already take place in 2005 and the indicative RES-E target in 2010 
should be reached. Therefore, the effects of “early actions” and a high interim target (2010 
goal) can be shown.  

Figure 6.1 to Figure 6.3 gives an overview of the investigated scenario paths.  

 

Share of RES-E as under BAU 
conditions (848 TWh) 

will be reached

Business as 
usual 

(reference case)

Current policy 
programmes
implemented 

retails available 
up to 2020

Hamomised
feed-in tariff 

scheme

Hamomised
international 
TGC system

Hamomised
national TGC 

system

Harmonisation after 2012No 
harmonisation

B1 B2 B3 B4  
Figure 6.2 Overview of investigated cases BAU TWh target 
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Figure 6.3 Overview of investigated cases 1000 TWh target 

 
 

6.2 Scenario assumptions 
 

6.2.1 Gross electricity consumption 
Electricity demand according to DG TREN Outlook 2030: European Energy and Transport Trends to 
2030 Outlook (Mantzos et. al 2003) – Baseline forecast 
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Figure 6.4 Electricity demand forecast within the EU 15 (2005-2020) according to Mantzos et. al 

(2003) 

 
This means that electricity demand rise – on average – by 1.8% p. a. up to 2010 and by 1.5 % p. a. 
thereafter. Of course, on country level different demand projections are used. For example while the 
demand forecast for France is 2.2% p.a. up to 2010, a projection of only 1.1% p.a. is assumed for 
Germany. 
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6.2.2 Primary energy prices for biomass products 
Figure 6.5 gives an overview about the variations of biomass prices in EU 15 countries. The price 
level differs among the countries and biomass fractions. Current prices are based on an assessment 
conducted within the Green-X project and are expressed in €2002. Prices are lowest for biowaste, fol-
lowed by forestry and agricultural residues, and they are high for both forestry and agricultural prod-
ucts.  

It is assumed that the costs for bioenergy products remain constant till 2010. In the period 2010-2015 
a slight rise of 0.5% per annum and after 2015 a price increase of 1% is projected.  
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Figure 6.5 Variation of the prices for the different biomass products in EU 15  

 

6.2.3 Electricity prices 
For each EU 15 Member State the power price is derived endogenously within the Green-X model 
considering interconnection constraint among the countries. The calculations are based on  

• Primary energy projections from the WETO project. Figure 6.6 compare this cost forecast with 
other relevant projections (DGTREN Energy Outlook 2030 (Mantzos et. al., 2003), Enquete com-
mission of the German Bundestag (Enquete, 2002) 

• Different CO2-policy assumptions167, namely 

– No-CO2 constraint 

– Medium CO2 constraint (assuming an increasing tradable emission allowance price up to 10 
€/t-CO2) 

– High CO2 constraint (assuming an increasing tradable emission allowance price up to 20 €/t-
CO2) 

• RES-E policies are as described in chapter 6.1. Note, RES-E policy significantly influences the 
power market price. 

 

                                                      
167 In a sensitivity analysis different CO2-contraints are assumed. The default assumption refers to a medium CO2-
constraint of up to 10 €/t-CO2. 
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Figure 6.6 Projects of international gas, coal and oil price for Europe 2000-2030 

 

6.2.4 Weighted average cost of capital 
The determination of the necessary rate of return is based on the weighted average cost of capital 
(WACC) methodology. WACC is often used as an estimate of the internal discount rate of a project or 
the overall rate of return desired by all investors (equity and debt providers). This means, the WACC 
formula168 determines the required rate of return on a company’s total asset base and is determined 
by the Capital Asset Pricing Model (CAPM) and the return on debt. Formally, the pre-tax cost of capi-
tal is given by:  

 
WACC  =  gd • rd + ge • re  =  gd • [rfd + rpd] + ge • [rfe + β • rpe] • (1 + rt) 

 

Generally two different WACC options are considered in the analysis; one standard risk level and a 
higher risk level characterised by a higher expected market rate of return. The first value is used as 
the default value; the second is used for the sensitivity analysis and is applied in scenarios with lower 
stable planning conditions and support schemes cause a higher risk for the investors (TGC system). 
(TGC system). All relevant values are summarised in Table 6.1. To analyse the effects of different 
strategies, for the simulation no technology-specific risk premiums (different WACC according to their 
maturity and risk characteristics) are used. 169  

 

                                                      
168 The WACC represents the necessary rate a prospective investor will look for a prospective investing in a new 
plant. 
169 For determining the exact setting of the support level such a technology specific WACC approach is useful. 
Such a procedure is - in a more detailed (country specific) analysis – feasible by applying the model Green-X. 
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Table 6.1 Value setting WACC calculation:  

Default risk assessment Higher risk assessment
 

Abbreviation / 
calculation Debt (d) Equity (e) Dept (d) Equity (e)

Share equity / debt g 75.0% 25.0% 75.0% 25.0%
Nominal risk free rate rn 4.1% 4.1% 4.1% 4.1%
Inflation rate i 1.9% 1.9% 1.9% 1.9%
Real risk free rate rf = rn – i 2.0% 2.0% 2.0% 2.0%
Expected market rate of return rm 4.3% 7.1% 4.3% 11.0%
Risk premium rp = rm - rf 2.3% 5.1% 2.3% 9.1%
Equity beta β  1.6  1.6
Tax rate (corporation tax) rt  30.0%  30.0%
Post-tax cost rpt 4.3% 10.2% 4.3% 16.6%
Real cost r = rpt * (1+rt) 4.3% 13.2% 4.3% 21.5%

Weighted average cost of capi-
tal 

WACC 6.5% 8.6% 

 

6.2.5 Future cost projection – technological learning 
Forecasting technology development is a crucial activity, especially for a long time horizon. Within the 
model Green-X the following dynamic developments of the electricity generation technologies are 
considered 

• Investment costs (experience curves or expert forecast) 

• Operation & Maintenance costs (expert forecast) 

• Improvement of the energy efficiency (expert forecast) 
 
Table 6.2 Dynamic assessment of investment costs for different RES-E technologies 

RES-E category Applied approach Assumptions 

Biogas Experience curve (global) LR (learning rate) = 5% 

Biomass Experience curve (global) LR = 5% 

Geothermal electricity Experience curve (global) LR = 5% 

Hydropower Expert forecast No cost decrease in considered period 

Photovoltaics Experience curve (global) LR = 15% up to 2010, 10% after 2010 

Solar thermal electricity Experience curve (global) LR = 15% up to 2010, 10% after 2010 

Tidal & Wave Expert forecast Cost decrease 5%/year up to 2010, 1%/year after 2010 

Wind on- & offshore Experience curve (global) LR = 9% 

 
For most technologies the investment cost forecast is based on technological learning, see Table 6.2. 
As learning is taking place on the international level the deployment of a technology on the global level 
must be considered. Within the Green-X model global deployment consists of the following compo-
nents:  

• Deployment within the EU 15 Member States is endogenously determined, i.e. is derived 
within the model 

• For the new EU Member States (EU-10+) forecasts of the future development by RES-E catego-
ries are taken from the project “FORRES 2020”; for details see Ragwitz et. al. (2004). 

• Expected developments in the “Rest of the world” are based on IEA World Energy Outlook 2004 
(IEA, 2004). 
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6.3 Assumptions for simulated support schemes 
Within this project the two most important support schemes within the EU are analysed, namely (i) a 
quota obligation in combination with tradable green certificates and (ii) a feed-in tariff system. A num-
ber of key input parameters are defined for each of the model runs and they are described below. 

 

6.3.1 General scenario conditions 
Transfer costs for society hugely depend on the design of policy instruments. The design options of 
the instruments are chosen in a way such that transfer costs for society are low. The effects of less ef-
ficient design options are already demonstrated in chapter 4 (see e.g. the various Boxes). In the 
model run, it is assumed that all investigated strategies – BAU as well as for reaching the 1000 TWh 
target by 2020 - are characterised by: 

• Stable planning horizon 170 

The effectiveness of various RES-E support schemes largely depends on the stable long term 
planning security provided by system. A stable planning horizon is important to create a sound in-
vestment climate and to reduce transfer costs for society as a result of a lower risk premium. In-
vestor confidence depends on the expected continuity of the scheme, as well as the political risk. 
Long-term stability, especially for independent power producers, is important for achieving an ac-
ceptable risk-return profile; 

• Continuous RES-E policy / long term RES-E targets 
A continuous and medium to long-term focussed energy policy scheme is important to attract the 
interest of potential investors in RES-E technologies as well as to increase the confidence of bank 
institutions. Such a policy - characterised by long-term RES-E targets or RES-E policy schemes - 
leads to lower loans for investments; 

• Clear and well defined tariff structure / yearly quota for RES-E technologies  
If the support structure is well known and designed for investors it can be expected that delays for 
investments in new plants can be reduced; 

• Reduced investment and O&M costs, increased energy efficiency over time. For more details 
see chapter 6.2.5.; 

• Reduction in barriers and high public acceptance in the long term.  
In the scenario runs it is assumed that the existing social, market and technical barriers (.e.g. grid 
integration) can be overcome in time. The reduction depends on the assumed target, i.e. a more 
optimistic view is assumed for reaching the 1000 TWh target in 2020 compare to the BAU target; 

In addition, for all investigated scenarios, with the exception of the BAU scenario (i.e. currently imple-
mented policies remain available without adaptations up to 2020) the following design options are as-
sumed  

• Financial support is restricted to new capacity only 
This means that only plants constructed after the start year of the different scenarios (2004 and 
2013 respectively) are allowed to receive the support.  

                                                      
170 For more details see chapter 4. 
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• Restriction of the duration in which investors can receive the (additional) financial support 
By restricting the duration of the possible public support, transfer costs for society can be reduced. 
In the model runs it is assumed that the time frame is restricted to 15 years. This value fits with a 
stable planning horizon.  

 

6.3.2 Scenario conditions assuming a quota obligation171 

• Tradable green certificates are standardised 
It is assumed that just one kind of certificate exists, with reciprocity of approval of certificates for 
international trade 

• Full competition 
Within the TGC system it is assumed that  

– a high level of market transparency exist; 

– an appropriate level of trading volume is available; 

– investors are seeking the most efficient RES-E resources 

leading to an idealised, fully competitive TGC market;172  

• Additional support for less mature RES-E technologies does not exist 
An additional support system may help – especially in the case of the 1000 TWh RES-E target - to 
reduce the transfer costs for society as the windfall profits for “cheap” technologies can be re-
duced significantly. In the sensitivity analysis, the effects of “good” and “bad” designed additional 
support settings are shown, see also Boxes; 

• Constant yearly interim targets 
Interim targets are set in a way that the percentage increase between the single years is constant 
in the period 2013-2020 (for the case of a harmonised strategy beyond 2012) and in the period 
2006-2010 and 2011-2020 (for the case that the indicative target in 2010 should be reached); 

• Penalty for not fulfilling the quota obligation are set to high amounts up to 200 €/MWh.  
For the fulfilment of the obligation it is important that the penalty for not purchasing a TGC is 
higher than the investment needed to meet the quota, i.e. the lowest penalty level must exceed the 
expected marginal generation costs within the system. Investors have an incentive to build plants 
with long-term marginal cost up to 200 €/MWh plus conventional power price to reaching the quota 
obligation. As the penalty serves as ceiling price for TGC, the maximum TGC price is restricted by 
the penalty minus the expected power price.  

 

6.3.3 Scenario conditions assuming a feed-in tariff scheme173 

• Guaranteed tariffs are technology specific,  
This means the guaranteed tariffs (can) vary between the different (sub)-technologies.  

                                                      
171 With the exception of the quota obligation given in the current RES-E policies (BAU scenario) 
172 Otherwise costs rise due to strategic price setting. 
173 With the exception of the feed-in tariffs schemes given in the current RES-E policies (BAU scenario) 
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• Tariffs are set as low as is reasonable.  
The goal has been to set the tariff as low as possible without causing a lower deployment rate 
over the RES-E portfolio, i.e. tariffs are set such that they reflect the long-term marginal generation 
costs. If the deployment of a certain RES-E technology was insensitive to a feed-in tariff level of 
60 €/MWh, 70 €/MWh or 100 €/MWh, the 60 €/MWh level was selected. Otherwise, higher transfer 
costs for consumers occur without any additional RES-E deployment. In practice, RES-E deploy-
ment rates are sensitive to the tariff level. Hence a compromise between possible reduction of the 
tariff and the lower RES-E specific deployment must be made;174  

• Guaranteed tariffs decrease over time or at least remain constant for certain RES-E options 
This means that the tariffs for new facilities and, hence, new contracts, is changed every year. The 
decrease depends on the reduction in investment costs due to technological learning. By employ-
ing such a procedure, investors have a reduced incentive to postpone their investments; 

• Tariffs for wind energy are designed as a stepped feed-in tariff 175  
This means that the feed-in tariff will be reduced if actual generation is high. To set an incentive for 
investors to implement the most efficient technologies and locations, the reduction in the guaran-
teed price must be less than the total revenue that can be gained if an efficient plant and location 
are chosen;176 

 

6.4 Results – current situation up to the end on 2004 
In order to assess the amount and the value of RES-E technologies in EU 15 up to 2020 it is important 
to have a look at the current situation with respect to RES-E generation. Figure 6.7 compares the ex-
pected amount of electricity production from RES-E with the total electricity consumption for each EU 
country. The historical RES-E data is based on a comprehensive data collection (Eurostat (2003), IEA 
(2002) and statistical information gained at the national level). Regarding the years 2003-2004 (very 
little data is available at the country and technology levels) the “forecast” is based on a model Green-
X run under the assumption that the currently implemented promotion scheme also remains available 
in 2004.  

Three countries, Austria, Sweden and Portugal, generate more than a third of electricity from these 
sources; others a much lower proportion. 

The largest share of RES is still provided by “large-scale” hydropower177, as is evident from Figure 6.8. 
Such plants were mostly established before the post-1980’s “new” RES-E. The shares of the other 
“new” RES-E technologies are depicted in more detail in Figure 6.9. It shows that small hydro, bio-
mass, municipal solid waste (MSW) and wind are currently the most significant. There are a number of 
noteworthy observations including:  

• the large proportions of operating wind power in Denmark, Spain, and Germany 

• the significant contribution of geothermal power in Italy 

• the relatively high proportion of RES-E generated from biomass in the UK (including landfill gas, 
municipal waste and sewage gas), Finland, Sweden and Germany. 

                                                      
174 Attempts have been made to find a low tariff level over the whole RES-E portfolio. The magnitude of the tariff, 
however, is not optimised in a way that transfer costs for society are minimised. This means that an additional re-
duction of the transfer costs is feasible, but requires a more detailed analysis.  
175 As an example a stepped tariff is implemented in Germany. 
176 Profits will thus be higher at more cost effective sites.  
177 Installed capacity is above 10 MW. 
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Figure 6.10 shows the corresponding development of “new” RES-E over time (1990-2004), with (left 
hand side) and without (right hand side) hydropower. 
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Figure 6.7 Electricity generation (achieved potential) from RES and gross electricity consumption in 

EU countries in 2004. Source: Own investigations; Eurostat, 2003, Green-X model run. 
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Figure 6.8 EU-15 countries ranked by the contribution of RES-E (with and without large hydro) to 

gross electricity consumption in 2004. Source: Own investigations; Eurostat, 2003, Green-X model run 
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Figure 6.9 Electricity generation (achieved potential) from various RES in EU countries in 2004. 

Source: Own investigations; Eurostat, 2003, Green-X model run 
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Figure 6.10 Electricity generation from RES in EU-15 countries from 1990 to 2004 – including (left 

hand side) & excluding (right hand side) hydro.  
Source: Own investigations; Eurostat, 2003, Green-X model run. 

 

The relative share of individual RES-E technologies is depicted in Figure 6.11. Currently (large-scale) 
hydro power is the dominant renewable generation technology - around 60% comes from large and 
8% from small scale. Due to the restricted potential and / or social acceptance the share, however, 
has, in the past, continuously been decreasing. Based on the high deployment rates in recent years 
wind energy substantially increased its contribution to electricity generation from RES.  
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Figure 6.11 Share of electricity generation from RES in the entire EU 15 in 2004 (technology level) - 

including (left hand side) & excluding (right hand side) hydro.  
Source: Own investigations; Eurostat, 2003, Green-X model run. 

 

An overview on the different RES-E options available in total EU-15 up to 2020 is given in Figure 6.12. 
The achieved potential, i.e. the existing plant, for RES-E in EU-15 countries has been derived within 
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the project Green-X. In the EU 15 the already achieved potential for RES-E equals 448 TWh178, 
whereas the additional realisable potential up to 2020 amounts to 1078 TWh. Currently hydro power is 
the dominant technology but with limited future potential. The large (future) potential of wind energy 
(incl. on- and offshore), solid biomass and biogas may contribute to a large extent. In addition, new 
technologies like wave power and tidal stream or solar thermal electricity are yet to be developed on a 
large commercial scale in the EU 15. 
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Figure 6.12 Achieved (2004) & additional mid-term RES-E potential (up to 2020) in EU-15 countries 

Source: Own investigations; Eurostat, 2003, Green-X model run. 

 

6.5 Results - BAU target in 2020 
Total amount of RES-E generation within the EU 15 was around 449 TWh/a in 2004.179 Without any 
changes in the support scheme the electricity production will rise to about 581 TWh/a in 2010 (19,0%) 
and 848 TWh/a in 2020 (24,3%). This amount is - following the BAU demand projection from Mantzos 
et. al. (2003a) – around 93 TWh/a or 2% less than the EU target as described in the “RES-E Directive” 
(01/77/EC).180 Remaining the current policy schemes, the EU target 2010 can be reached with a delay 
of around 3 years (efficiency demand according to Mantzos et. al (2003)) and 5 years (BAU demand 
according to Mantzos et. al (2003)), respectively.  

 

                                                      
178 The electricity generation potential represents the output potential of all plants installed up to the end of each 
year. Of course, figures for actual generation and generation potentials differ in most cases – due to the fact that 
in contrast to the actual data, potential figures represent, e.g. in the case of hydropower, the normal hydrological 
conditions, and furthermore, not all plants are installed at the beginning of each year. 
179 Note: RES-E generation in 2004 refers to available potential of RES-E times normal (average) full load hours 
of the technologies. This means actual generation can differ from this value due to (i) variation of generation from 
average conditions (e.g. for hydropower or wind) and (ii) new capacity build in 2004 is not fully available for the 
whole period 2004.  
180 Assuming an electricity demand projected according to the efficiency scenario (Mantzos et. al., 2003b), the 
share of RES-E amounts 20% in 2010 and 26,9% in 2020.  
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Figure 6.13 Comparison of RES-E generation in 2005, 2010 and 2020 assuming no change in the 

promotion strategy (B1)  

 

On country level large differences in the future RES-E deployment exists. Three countries would reach 
the indicative RES-E targets without any adaptation of their current strategy in 2010; namely Ger-
many, the Netherlands and UK (assuming that the penalty is binding). Substantial additional RES-E 
development can be expected in most countries after 2010, compare Figure 6.13.  

The dynamic development of RES-E generation and the corresponding new RES-E capacity for the 
BAU case is depicted in Figure 6.14 and Figure 6.15, respectively.  
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Figure 6.14 Development of RES-E generation 2004-2020 within EU 15 in the BAU scenario (B1) 
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Figure 6.15 New installed capacity within the EU 15 in the BAU scenario (B1)  

 

Due to less public support and acceptance, the amount of large scale hydro power plants will increase 
only marginally in absolute terms.181 In relative terms the share drops significantly from around 60% in 
2004 to 33% in 2020, compare Figure 6.11 and Figure 6.16. The “winner” among the considered tech-
nologies is wind energy, both onshore and offshore. It can be expected that around 45% (30%) of the 
RES-E production of plants installed after 2004 in 2020 is coming from wind onshore (offshore), lead-
ing to a share of around 30% wind onshore and 15% wind offshore on total RES-E generation in 2020, 
respectively. Other significant increases can be expected for solid biomass (+ 8%) and biogas (+ 6%). 
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Figure 6.16 Share of RES-E technology on RES-E generation in 2020: From total (left) and new 

(right) installed capacity. Note: Dotted grey area indicates the variation due to the applied policy strategy 
in the future (B1-B4)  

                                                      
181 Considering the effects of the Water Framework directive (EC, 2000b) the total electricity generation from 
(large scale) hydro can even be lower in 2020 compared to the current level.  
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Figure 6.17 Share of RES-E technology on RES-E generation in 2020 compared to BAU forecast 

(B1)  

 

The kind of public support substantially influences the development of new installed RES-E capacity. 
Figure 6.17 depicts the electricity generation in 2020 for the single RES-E technologies compared to 
RES-E generation projection in the case of remaining the current policy on EU 15 level. A higher de-
ployment indicates that the current incentive is too low compared to the cost efficient solution, and a 
lower share says that the current policy scheme represents a too “high” promotion compared to other 
RES-E technologies with respect to electricity generation costs.182  

Beside the support scheme the available potential highly influences the actual RES-E development. 
The portfolio of RES-E technologies significantly differs among the Member States as can be seen 
from Figure 6.18. 
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Figure 6.18 Portfolio of RES-E technology on RES-E generation in 2020 among the Member States 

under BAU conditions (B1) 

 

                                                      
182 As an international TGC scheme minimise generation costs (at least in the short term) a comparison of case 
B1 (BAU) with B3 (int. TGC) indicates the efficient use of the technologies. 
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Figure 6.19 Comparison of RES-E generation from capacity installed after 2004 Note: Dotted grey area in-

dicates the variation due to the applied policy strategy in the future (B1-B4) 

 

The electricity generation from RES-E plants installed in the period 2005-2020 on country level is 
shown in Figure 6.19. It can be expected that the highest amount of “new” RES-E will be produced in 
the UK and Germany following by France, Spain and Italy. The actual generation depends on the ap-
plied policy and partly varies significantly. Figure 6.20 gives an overview of the electricity RES-E pro-
duction in 2020 (from new plants 2005-2020) in dependency of the applied policy within the single EU 
15 Member States. Similar to the comparison on technology level, a higher deployment under a har-
monised feed-in tariff and / or international TGC scheme indicates that the current average incentive is 
lower than the EU average. This, however, does not mean that the current promotion scheme repre-
sents a too low incentive for all single RES-E technologies. For example in Austria more electricity will 
come from wind or biomass under the current policy scheme compared to the application of a harmo-
nised feed-in tariff scheme (B2) or international TGC system. The “gap” of RES-E generation in the 
BAU scenario results from lower production of large and small scale hydro power, which overcompen-
sates the higher generation from the other technologies.  
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Figure 6.20 Share of RES-E generation in 2020 compared to BAU forecast (B1) on country level 

 

High investments are necessary to be able to build up the new capacity. Figure 6.21 shows the total 
investment needs for RES-E over time assuming BAU policy up to 2020. While necessary investments 
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into wind onshore and biogas plants are relative stable over time, investments into solid biomass 
plants (including biowaste) mainly occur in the first years (2005-2015) and for wind offshore and 
photovoltaic mainly after 2010. 

 

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

C
ap

ita
l e

xp
en

di
tu

re
 - 

In
ve

st
m

en
t n

ee
ds

 [M
€/

ye
ar

] _ Wind offshore

Wind onshore

Tide & wave

Solar thermal electricity

Photovoltaics

Hydro large-scale

Hydro small-scale

Geothermal electricity

Biowaste

Solid biomass

Biogas

 
Figure 6.21 Total investment needs in the period 2005-2020 within the EU-15 in the BAU scenario 

(B1)  

 

The investments (within the EU and worldwide) stimulates technological learning, leading to lower 
generation costs in the future. Figure 6.22 depicts the expected investment costs for the single RES-E 
technologies. The highest cost reduction can be expected for tidal & wave energy as well as solar 
electricity - both photovoltaics and solar thermal electricity production – and wind power. 
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Figure 6.22 Development of the investment costs according to the BAU scenario (B1) 

 

Next, the necessary financial incentive for the promotion of RES-E is discussed. Figure 6.23 com-
pares the average financial support for new RES-E capacity for the four investigated cases B1-B4. 
The amount represents the additional premium costs for society compared to the power market 
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price.183 With respect to the BAU policy (B1) it can be conclude that the average premium costs re-
mains constant up to 2012 and decreases thereafter. The reduction, however, is lower than introduc-
ing a harmonised well designed technology specific feed-in tariff scheme (B2). Again, the necessary 
support nearly drops continuously over time.184 In contrast to this scheme the entity of both a national 
and international TGC system is to promote currently least cost generation options (only).185 Hence, in 
the first year(s) premium costs are low but increase over time as cheap production options are already 
used.186 It can be observed that premium costs for society are higher applying a national TGC scheme 
compared to an international one. In addition, considering the higher risk associated with a TGC 
scheme for the investors the necessary support is – with the exception of the first year - higher than 
applying a technology specific well designed feed-in system.187  
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B4b: BAU (2005-2012), national TGC scheme (2013-2020) - no risk premium
B4a: BAU (2005-2012), national TGC scheme (2013-2020) - risk premium
B3b: BAU (2005-2012), international TGC scheme (2013-2020) - no risk premium
B3a: BAU (2005-2012), international TGC scheme (2013-2020) - risk premium
B2: BAU (2005-2012), harm. FIT scheme (2013-2020)
B1: BAU policy (2005-2020)

 
Figure 6.23 Comparison of financial support (average premium to power price) for new RES-E gen-

eration on EU 15 level in the period 2005-2020 for the cases B1-B4 

 

The application of current policies lead to a high spread of the granted financial premium costs among 
the countries, see Figure 6.24.  

                                                      
183 Note: At this stage a power price reduction due to the promotion of RES-E is neglected. Hence, the premium 
costs are (slightly) overestimated. 
184 Note: The incentive compatible feed-in tariff is designed that the necessary amount dynamically drops. The 
slight increase in 2014 results as a higher share of more expensive technologies is exploited.  
185 By using technology-cluster specific quotas or granting additional support for less mature technologies a differ-
ent dynamic support development can be reached 
186 The development of the premium costs depends on the mid term target, the available potential and the cost 
reduction due to technological learning. This means the necessary support can increase or decrease over time.  
187 For comparison purpose, the “necessary” premium for the case of no risk premium is depicted in Figure 6.23 
too (dotted lines). 



Final Report of the project Green-X  121 

    

0,0

10,0

20,0

30,0

40,0

50,0

60,0

70,0

80,0

90,0

100,0

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20Fi

na
nc

ia
l s

up
po

rt
 (p

re
m

iu
m

 to
 p

ow
er

 p
ric

e)
 fo

r n
ew

 R
ES

-E
 g

en
er

at
io

n 
[€

/M
W

h]

 EU15  AT  BE  DK  FI  FR  DE  GR
 IE   IT  LU  NL  PT  ES  SE  UK

 
Figure 6.24 Country specific financial support (average premium to power price) for new RES-E gen-

eration applying current RES-E policy schemes (B1) 
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Figure 6.25 Country specific financial support (average premium to power price) for new RES-E  

generation applying an internationally harmonised feed-in tariff scheme after 2012 (B2) 

 

The necessary premium support per MWh new RES-E generation can be mainly harmonised between 
the countries by applying harmonised feed-in tariff schemes, see Figure 6.25, or fully by applying an 
international TGC scheme, see Figure 6.26.188 In contrast to this two schemes national TGC systems 
do not (automatically) lead to similar or the same financial incentives for new RES-E production in all 
countries as illustrated in Figure 6.27.189 The premium depends on the national RES-E target setting. 
                                                      
188 The remaining differences occur due to the different technology mix. In the case that for each technology the 
same tariff level – which of course is inefficient with respect to the costs for society – is grated the premium sup-
port would be equal in each countries too.  
189 Note: Harmonisation in the case of a feed-in scheme means that the same tariffs for the different technologies 
are granted. As the RES-E portfolio, however, differs within the countries (slightly) variations in the average sup-
port occur.  
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Assuming that the same national RES-E deployment as under the BAU policy should be reached, high 
distortions between the countries occur.190  
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Figure 6.26 Country specific financial support (average premium to power price) for new RES-E  

generation applying an international TGC scheme after 2012 (B3) 
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Figure 6.27 Country specific financial support (average premium to power price) for new RES-E  

generation applying national TGC schemes after 2012 (B4) 

 

Figure 6.28 summarises the average premium support in the period 2013-2020 for the four investi-
gated cases B1 to B4 on country level. On (EU 15) average, the additional financial support necessary 
to built up the appropriate RES-E capacity can be reduced by harmonising the strategies. By applying 
technology specific support schemes – in this investigation represented by feed-in tariff schemes – the 
support can be reduced. In all countries the average support level is lower compared to the application 

                                                      
190 This fact confirms the existence of large variations in the current RES-E support. 
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of an international, non technology specific TGC scheme. The effect of national TGC systems is am-
biguous: For some Member States necessary premium costs are lower, for other they are higher than 
applying an international TGC scheme.191 
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Figure 6.28 Comparison of country specific financial support (weighed average premium to power 

price) for new RES-E generation in the period 2013-2020 for the cases B1-B4  

 

Summing up, it can be concluded that the application of a harmonised approach leads to a uniform 
support per MWh of RES-E technologies in the countries. This means that distortions of the techno-
logical development of each RES-E technology among the Member States can be avoided.  

The yearly necessary transfer costs for consumer on EU level reaching the BAU target over time are 
depicted for the four investigated cases in Figure 6.29. The yearly burden is highest remaining the cur-
rent policy schemes. In this case transfer costs for society rise continuously over time. Costs are rela-
tive stable applying a technology specific feed-in tariff from 2013 on. In the case of a TGC scheme 
burden in the first years drop compare to the 2012 level, but increases over time.  

 

                                                      
191 On average (EU 15) premium costs are higher, i.e. the whole system is more inefficient than using an interna-
tional scheme.  
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B4b: BAU (2005-2012), national TGC scheme (2013-2020) - no risk premium
B4a: BAU (2005-2012), national TGC scheme (2013-2020) - risk premium
B3b: BAU (2005-2012), international TGC scheme (2013-2020) - no risk premium
B3a: BAU (2005-2012), international TGC scheme (2013-2020) - risk premium
B2: BAU (2005-2012), harmonised FIT scheme (2013-2020)
B1: BAU policy (2005-2020)

 
Figure 6.29 Comparison of necessary transfer costs for consumer reaching the BAU target 2020  

(B1 – B4) 

 

Figure 6.30 to Figure 6.33 show the required yearly transfer costs for society on Member State level. It 
can be clearly seen that a harmonisation reduce the distortion with respect to the required transfer 
costs for the societies in the countries. The same promotion of one unit of new RES-E for each tech-
nology in the different Member States (harmonisation of the schemes), however, does not automati-
cally results in a uniform burden for the consumer per MWh electricity consumption.192  

In the case of a feed-in tariff or tender scheme the transfer costs (premium costs) for society depends 
on the actual national RES-E deployment. This means that the burden for the consumer is high in 
countries with a relative high potential as a high total electricity generation from RES-E occur. In addi-
tion, the costs rise if the share of relative “expensive” RES-E technologies is high too. In the case of 
an international TGC scheme the burden depends on the agreed national RES-E target, i.e. the costs 
are independent from the actual national RES-E production; the different to the quota level can be 
sold at or must be purchased from the international TGC market.193 Applying a national TGC scheme 
the transfer costs for consumer depends on the agreed TGC target too, however, without the opportu-
nity to use all efficient RES-E generation options if the target setting among the countries is inappro-
priate. 

In addition, the yearly transfer costs for consumer depend on the historical promotion of RES-E. 
These costs are independent from the actual RES-E policy if it is assumed that existing capacity re-
mains in their old promotion scheme, i.e. the new schemes are applied to new capacity only.194  

 

                                                      
192 One approach how to harmonise the burden for the consumer among the countries is discussed in chap-
ter 7.2.6. 
193 In this investigation it is assumed that each country is imposed by the same RES-E target for new plants. This 
means that the burden for RES-E policy after 2012 is equal among the consumer in the Member States (uniform 
quota for new RES-E generation). 
194 Note: This clear distinction between new and existing capacity is also applied to existing TGC schemes. This 
e.g. explains the high burden in the UK for the harmonised schemes. It is assumed that the RES-E capacity par-
ticipated in the “old” TGC scheme up to 2012 receives the TGC price for the year 2012 onward, which is on a high 
level.  
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Figure 6.30 Country specific required premium per MWh total electricity demand B1 scenario 

 

0,0

2,0

4,0

6,0

8,0

10,0

12,0

14,0

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

R
eq

ui
re

d 
pr

em
iu

m
 p

er
 M

W
h 

- t
ot

al
 d

em
an

d 
[€

/M
W

h]

 EU15  AT  BE  DK  FI  FR  DE  GR
 IE  IT  LU  NL  PT  ES  SE  UK

 
Figure 6.31 Country specific required premium per MWh total electricity demand B2 scenario 
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Figure 6.32 Country specific required premium per MWh total electricity demand B4 scenario  

Note: Premium costs for society after 2012 depends on the actual allocation of the national quota; high national 
RES-E target higher premium costs, low RES-E target, lower premium costs:  
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Figure 6.33 Country specific required premium per MWh total electricity demand B4 scenario  

Note: Premium costs for society after 2012 depends on the actual national quota; high national RES-E target 
higher premium costs, low RES-E target, lower premium costs 

 

Note that the yearly transfer costs represent the actually yearly imposed costs for society and are not 
fully comparable among each other with respect to the total burden for the consumer195. For example 
in the case of the BAU scenario some countries are granting investment incentives, leading to a high 
yearly costs for the new RES-E capacity but lower costs in the years thereafter. As the time horizon 
ends by 2020 in the Figure 6.29 to Figure 6.33 the total burden for the consumer seams to be “ much 
higher” in the BAU scenario than under the other cases as a higher share of the costs are already paid 

                                                      
195 However, they are fully comparable regarding the yearly burden for the consumer. 
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up to 2020.196 The yearly burden can be influenced by changing the guaranteed duration of the sup-
port. For example the yearly amount increases by guaranteeing a tariff for 10 years instead of 15 
years. In this case, however, premium costs must be paid only 10 years so total burden remains ap-
proximately constant.  

A comparison of the full transfer costs for the consumer is given in Figure 6.34. Total transfer costs for 
society after 2020 (dotted area) are higher under a TGC scheme than under a feed-in system as the 
TGC price is high in 2020. Total transfer costs for society are lowest applying technology specific sup-
port, followed by an international and a national TGC scheme and are highest retaining the current 
policy up to 2020. 
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Figure 6.34 Comparison of necessary cumulated total transfer costs for consumer due to RES-E pol-

icy up to 2020 reaching the BAU target 2020 (B1 – B4).  
Note: In the case of a TGC scheme total transfer costs paid after 2020 are estimated assuming that the TGC 
price in the year 2020 is constant up to the phase out of the support 

 

6.6 Results - 1.000 TWh target in 2020 
To analyse how the RES-E target influences the RES-E portfolio and the efficiency of different support 
schemes, model runs are carried out fulfilling a more ambitious RES-E target. Figure 6.35 depicts the 
deployment of RES-E generation reaching 1000 TWh in 2020 over time. 

 

                                                      
196 For the harmonised cases a guaranteed duration of 15 years is assumed. This means that a capacity, which is 
built in 2019 will receive a public support up to 2034. In Figure 6.29 to Figure 6.33, however, only the costs for the 
years 2019 and 2020 are depicted, neglecting the full “sunk costs” up to 2034 in the period after 2020.  
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Figure 6.35 Development of RES-E generation 2004-2020 within EU-15 in the 1000 TWh scenario 

(variant H3) 

 

The portfolio reaching the 1000 TWh differs partly significantly compared to fulfilling the lower BAU 
target, i.e. 848 TWh by 2020. For example the share of wind onshore on the new RES-E generation 
2005-2020 drops from around 45% to 36% as less additional potential is available contributing to a 
higher RES-E target. The share of wind offshore decreases too; but to a much lower extent. In con-
trast, electricity generation from (solid) biomass increases dramatically, from around 9% to 17%, com-
pare e.g. Figure 6.16 with Figure 6.36. With respect to the total RES-E production the portfolio is more 
homogenously distributed among the RES-E technologies, i.e. a higher spread of RES-E technologies 
is necessary fulfilling the ambitous target, see left hand side of Figure 6.36. The country specific port-
folio (for the case of international trade) is depicted in Figure 6.37. The highest additional RES-E gen-
eration compared to reaching the BAU target is coming from in Germany, France, Spain, Italy, Swe-
den, Finland, Denmark und Ireland, see Figure 6.38.  
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Figure 6.36 Share of RES-E technology on RES-E generation in 2020: From total (left) and new 

(right) installed capacity  
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Figure 6.37 RES-E generation from new RES-E capacity 2005-2020 in 2020 (variant H3) 
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Figure 6.38 Comparison of RES-E generation from capacity installed after 2004  

Note: Dotted grey area indicates the variation due to the applied policy strategy in the future (H1-H4) 

 

Investment needs can be estimated with around 14.000 to 16.000 M€/a. Similar to the BAU cases, in-
vestments for biomass mainly take place in the first decade. In the later phase investments needs in-
crease for wind offshore, tide & wave as well as biogas, see Figure 6.39.  
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Figure 6.39 Total investment needs in the period 2005-2020 within the EU-15 in the BAU scenario 

(variant H3)  

 

Figure 6.40 shows the necessary financial support for the two scenarios assuming a harmonised ap-
proach after 2012. A similar picture as for the BAU cases can be observed: namely that the necessary 
support in the case of a feed-in tariff scheme decreases and for a TGC scheme increases over time. 
Despite using efficient mechanism, costs are higher for the 1000 TWh target in 2020 compared re-
maining the current strategies in place and reaching 848 TWh by 2020. 
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Figure 6.40 Comparison of financial support (average premium to power price) for new RES-E  

generation on EU 15 level in the period 2005-2020 for the cases B1, H1 and H2 

 

The development of the financial support over time starting with a harmonised strategy already in 
2005 is depicted in Figure 6.41. Under this assumption different grant level are needed. In all cases – 
feed-in tariff, international and national TGC scheme – the support (slightly) drops over time. The 
amount, however, differs significantly. Costs in the case of a national TGC scheme are extreme high. 
The reason is that some countries are unable to reach their indicative RES-E in 2010. Hence, the na-
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tional TGC price corresponds with their penalty price, which is assumed to be high (200 €/MWh).197 To 
investigate the effect of reaching a high interim target (RES-E target 2010), model runs has been car-
ried out assuming that this target must not be reached - H6 for the case of a feed-in scheme and H7 
assuming an international TGC system, see Figure 6.42. It can be observed that the necessary sup-
port is lower in the first years, however with a more moderate reduction over time.  
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Figure 6.41 Comparison of financial support (average premium to power price) for new RES-E  

generation on EU 15 level in the period 2005-2020 for the cases H3 – H5 
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H5: National TGC scheme (2005-2020) - risk premium
H4: International TGC scheme (2005-2020) - risk premium
H3: Harmonised FIT (2005-2020)
H2: BAU (2005-2012), international TGC scheme (2013-2020) - risk premium
H1: BAU (2005-2012), harmonised FIT (2013-2020)

 
Figure 6.42 Comparison of financial support mechanisms feed-in tariff and international TGC scheme 

(average premium to power price) for new RES-E generation on EU 15 level in the period 
2005-2020  

 
The yearly transfer costs for society for all investigated 1000 TWh cases are depicted in Figure 6.43 to 
Figure 6.45. The effects with respect to the yearly transfer payments for the consumer / society corre-

                                                      
197 Assuming a low penalty the incentive to fulfil the RES-E quota is low. Under this assumption investments will 
be postponed, i.e. higher costs occur later. 
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spond well with the development of the financial support curves per MWh of new RES-E generation. 
For the case that harmonisation should be taken place after a transition period of 7 years the following 
main effects can be observed: Yearly transfer costs higher in the early phase applying a feed-in tariff 
scheme as, firstly, the tariff is designed in a way that it drops over time and, secondly, a higher de-
ployment occur in this (early) period. Assuming a full harmonisation in 2005 the following conclusion 
can be drawn: Transfer costs within a TGC scheme (much) higher if the target (quota) is very ambi-
tious (high interim target 2010 target) and with advanced RES-E deployment, i.e. from 2018 on-
ward.198  
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Figure 6.43 Comparison of necessary transfer costs for consumer reaching the 1000 TWh target in 

2020 starting with a harmonised approach in 2013 (H1 and H2) 
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Figure 6.44 Comparison of necessary transfer costs for consumer reaching the 1000 TWh target in 

2020 starting with a harmonised approach in 2005 (H3 – H5) 

                                                      
198 Note: Due to the high support level also less mature technologies will be stimulated. Therefore, in the later 
phase (after 2020) TGC price may be drop again.  
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H5: National TGC scheme (2005-2020) - risk premium
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Figure 6.45 Comparison of necessary transfer costs for consumer reaching the 1000 TWh target in 

2020 starting 2005 and 2013 with a harmonised approach (H1 – H6) 

 

With respect to the total costs for society – see Figure 6.46 - it can be clearly conclude that technology 
specific support mechanisms are preferable compared to schemes, which do not consider a technol-
ogy specific support to fulfil an ambitious RES-E target in the future. In all investigated cases the nec-
essary average financial support is lower applying a well designed technology specific feed-in tariff 
system compared to a non technology specific TGC scheme or TGC scheme which allows an addi-
tional promotion of less mature technologies.  
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Figure 6.46 Comparison of total transfer costs for consumer reaching 
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6.7 Effects of RES-E deployment on conventional power price and 
CO2 emissions 

Finally, the effects of RES-E deployment should be analysed in brief. Figure 6.47 gives an impression 
of the impact of RES-E deployment on the wholesale electricity price. A price reduction of 5% (BAU 
target) to 10% (1000 TWh target) can be observed compared to the case of no additional promotion of 
RES-E in the future.199 This means that – neglecting possible back-up costs for RES-E – the deploy-
ment of RES-E leads to a price reduction on the power market of 5% to 10%. 200 
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Figure 6.47 Comparison of wholesale electricity price compared to reference development (no RES-E 

policy and TEA price of 10€/t-CO2) 
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H3: Harmonised FIT scheme (2005-2020) - 1000 TWh target 2020
H2: BAU (2005-2020), international TGC scheme (2013-2020) - 1000 TWh target 2020
H1: BAU (2005-2020), harmonised FIT scheme (2013-2020) - 1000 TWh target 2020
B2: BAU (2005-2020), harmonised FIT scheme (2013-2020) - BAU (848 TWh) target 2020
B1: BAU policy (2005-2020) - BAU (848 TWh) target

No RES-E policy, TEA: 10€/t-CO2

 
Figure 6.48 Comparison of wholesale electricity price including RES-E premium compared to refer-

ence development (no RES-E policy and TEA price of 10€/t-CO2) 

                                                      
199 More precisely, it is assumption that (i) no RES-E policy exist in the future, and (iii), a market price for tradable 
emissions allowances of 10 €/t-CO2, 
200 Or expressed the other way round: The backup costs for RES-E by implementing the same conventional power 
structure as without RES-E development would result in additional costs of 5% to 10% (2-4 €/MWh).  
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Total additional costs (burden) due to the promotion of RES-E by considering the additional transfer 
costs for consumer are in the magnitude of 3% (5%) for a feed-in tariff schemes and reaching the BAU 
target (1000 TWh target) up to 15% in 2020 in the case of TGC scheme 1000 TWh target.  

Due to an additional price of 3% - 15%, however, CO2-emissions from thermal power plants can be 
reduced by 20% to 25% - see Figure 6.49.  
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Figure 6.49 Comparison of CO2-emissions compared to reference development (no RES-E policy and 

TEA price of 10€/t-CO2)  
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7 Recommended actions and final conclusions 
 

7.1 Overcoming existing barriers 
The future penetration of a RES-E technology depends on how it prevails over two categories of exist-
ing obstacles: 

• Economic barriers – they are reflected by the net generation costs, i.e. inclusion of policy strate-
gies 

• Non-economic barriers (mostly social, administrative, market and technical obstacles), – they re-
strict the available potential of electricity generation for the current year(s). 
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Figure 7.1 Necessary conditions reaching a RES-E deployment 

 

Penetration of a technology will only take place if both categories of barriers can be overcome. So, on 
the one hand, it does not help to support a certain technology via a quota obligation, a guaranteed 
feed-in tariff or a tender scheme without preparing the framework conditions to overcome the other ex-
isting barriers, e.g. increasing the social acceptance using information campaigns, or decreasing ad-
ministrative burdens for commissioning new plants, etc. In other words, low (net) generation costs but 
a low existing potential still results in less additional penetration.  

On the other hand, providing a good environment at administrative, social, industrial and technical lev-
els (i.e. admitting a huge potential) without economic incentives does not increase the future penetra-
tion rate of a certain technology. A high potential for electricity generation but high generation costs 
also results in a low market share. The following criteria are necessary to overcome both kinds of bar-
riers:  

 

7.1.1 Overcoming of economic barriers 
• Independent of the type of instrument applied to support renewables, the careful design of 

the strategy is as important as the question which policy tool to implement, e.g.  
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– Within any support mechanisms existing capacities and new capacities should be distin-
guished. Support should no longer be provided to plants that are fully depreciated or that were 
financially supported in the past; 

– The support mechanism of any instrument should be restricted to a certain time frame. The 
duration should depend on the policy scheme (e.g. development of the TGC price) and on the 
maximum annual additional costs that can be imposed on society. In addition, the support time 
should also depend on the evolution of the costs of the RES-E technology (i.e., progress along 
the learning curve). 

• The RES-E support structure should also be directed towards supporting small-scale pro-
jects, as these small-scale projects - with a relatively short lead-time - could be an important part 
of the solution to the capacity shortage in electricity supply. 

• The effectiveness of various RES-E support schemes largely depends on the credibility of 
the system. A stable planning with long term targets and guaranteed support is important to cre-
ate a sound investment climate and to lower social costs as a result of a lower risk premium.  

• Change of subsidy policy. The social and environmental costs of pollution are not internalised in 
current electricity prices of conventional power (within the TEA system CO2 costs are partly inter-
nalised). If this kind of policy is changed, RES-E will be even more competitive 

 

7.1.2 Overcoming non-economic barriers 
Existing barriers for new RES-E generators should be rigorously removed and outstanding incentives 
should be provided:  

• Policy / Social barriers:  
– Start / continue information campaigns  

– Distortions resulting from unequal tax burdens and existing subsidies, and the failure to inter-
nalise all costs and benefits of conventional energy production and use, create high barriers to 
renewable energy.  

– Integration and coordination of other policies like climate change, agricultural policy or DSM 
issues helps to reduce administration barriers 

– Increasing the use of renewable energies should obviously be accompanied by end-use en-
ergy efficiency and demand side management measures. Renewable energy development 
and increase of energy efficiency are strongly interdependent. The European Union has al-
ways stressed the pressing need to renew commitment both at Community and Member State 
level to promote energy efficiency more actively. In the light of the Kyoto agreement to reduce 
CO2 emissions, improved energy efficiency together with increased use of renewables will play 
a key role in meeting the EU Kyoto target economically. In addition to a significant positive en-
vironmental impact, improved energy efficiency will lead to a more sustainable development 
and enhanced security of supply, as well as to many other benefits. 

• Technical barriers:  
– Reduce system operation costs: Some RES-E sources like wind energy or photovoltaics are 

often penalised due to the intermittency of their electricity generation. This means that addi-
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tional costs are a direct burden on electricity generation in the form of additional system opera-
tion costs comprising system capacity and balancing costs201  

• System capacity costs: Due to the limited contribution of intermittent RES-E technologies 
additional cost for back-up systems are imposed 

• Balancing costs: Extra short-term balancing requirements and costs occur due to the 
intermittency of wind202  

Remedies to significantly mitigate system operation costs are:  

• to improve forecast tools for wind energy 

• to re-design the market focusing on flexible loads on the demand side 

– Correctly allocate grid extension costs: An upgrade or extension of the grid will be necessary 
in the future due to both new generation capacity and increasing demand, leading to additional 
costs for the system: 

• Full unbundling: Within a liberalised market full unbundling between generation, trans-
mission / distribution and customer supply should take place. This means that grid up-
grade / extension requirements, measures and corresponding costs have to be allocated 
to the regulated “natural monopoly”, the grid operator203; 

• Imposing the true costs for transmission and distribution from generation to consumption 
(zonal price): The correct price signal, reflecting actual transmission and distribution 
costs will lead to an increase or decrease of the total generation costs. Transmission 
costs are lower for generators who are located closer to large consumers or who feed 
their electricity into the grid at a lower power level. Therefore, some RES-E technologies 
(e.g. photovoltaics) would profit from a zonal pricing approach. Other technologies like 
e.g. wind, however, would be suffered from such a price model. 204, 205; 

• Special emphasis should be placed on urban areas, where a high proportion of all energy 
is consumed. Urban areas are characterised by a highly developed infrastructure, which 
does not always facilitate a rapid increase of the level of renewable energy generation. 
In general, a future energy infrastructure will, from its conception, have to be designed to 
effectively accommodate RES to a very high level206. 

• Administration barriers:  
Due to long and complex permission procedures a long lead time in RES-E generation occurs, in-
creasing the pressure and the costs to achieve agreed RES-E targets and / or may reduce the 
ambitiousness of the RES-E targets in the future;  

                                                      
201 According to Auer (2004) additional system operation costs are composed of 1/3 additional balancing costs 
and 2/3 additional capacity costs. For a wind penetration (share of installed wind capacity to peak load) of less 
than 10% system operation costs are estimated at 2-4 €/MWh and for a share greater than 10% at 5-6 €/MWh.  
202 Note that in general fluctuations and forecast errors of both supply and demand exist, i.e. supply and demand 
do not correlate  
203 In the case of centralised conventional power, the grid extension costs have, in the past, not been directly im-
posed on generation costs.  
204 This is mostly not true for onshore or offshore wind energy, where generation and load centres can be far 
apart, i.e. a zonal pricing system could be a high burden for wind energy. Everywhere in EU, wind is suffering from 
weak grid connections. The government can enhance the use of offshore wind significantly if grid connections are 
provided in time (e.g. for UK, Netherlands) 
205 Everywhere in EU, wind is suffering from weak grid connections. The government can enhance the use of off-
shore wind significantly if grid connections are provided in time (e.g. for UK, Netherlands) 
206 Due to the technology’s decentralised character, urban areas can - in some cases - allow a high degree of 
penetration of PV generators, without changing the existing cabling, transformer stations, etc. 
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• Market barriers:  
In many countries a lot of market barriers exist, which have to be overcome: 

– Electricity utilities maintain monopoly rights to produce, transmit and distribute electricity. High 
costs or the absence of standards for connection and transmission discourage renewable en-
ergy projects; 

– Lack of information about available RES-E generation and about the current state of RE tech-
nologies, or negative past experiences with old technologies, and a lack of understanding 
about the benefits associated with renewable energy all act as barriers to their use; 

– To a certain extent manufacturing structures are insufficiently developed, unable to use econo-
mies of scale in production. Due to the formation of technology clusters efficiency improve-
ments can be excepted; 

– Lack of access to affordable credit exists due firstly to the information asymmetry of financial 
institutions with respect to RES-E technologies and, secondly, higher risk due to the uncer-
tainty of promotion schemes in many countries. 

• Research and development:  
Research, technological development and innovation will remain major drivers for RES-E deploy-
ment in the coming decades. Even technologies close to maturity like wind energy will see further 
improvements and completely new concepts enter the markets. Aspects related to the systems 
technology for RES-E integration into existing energy infrastructures will receive more emphasis. 
Clear and comprehensive R&D activities help to reach this goal. The generation of new skills in 
new potential RE industries is necessary. By including import-substitution of fossil fuels in the 
mandates for which companies national governments may support, new domestic or established 
international companies in these new industries would qualify for support. 

 

7.2 Which instrument fits best? 
To answer the question which instrument fits best, it is necessary to identify the core policy objective 
behind the support of RES-E technologies. At a minimum, the following aspects should be considered 
in selecting the appropriate support mechanism, see Figure 7.2.  
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Figure 7.2 Possible policy objectives in choosing the appropriate support scheme 
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7.2.1 Should only some RES-E technologies be promoted or is it important to 
give all technologies a chance for development? 

A technology specific support scheme has advantages and disadvantages. On the one hand, it 
may lead to a higher deployment rate as currently less mature technologies get a stimulus now 
and are available to a larger extent in the future. In addition, a diversification may reduce the costs 
for consumer compared with uniform non technology specific support, especially if the RES-E de-
ployment is supposed to be ambitious. On the other hand, higher administration costs may occur. 
Furthermore, total system generation costs are higher - at least in the early phase.207 

To optimise the level of technology diversification, it is necessary to counteract all negative effects 
(higher administration costs, reduced competition) with occurring benefits (lower costs for con-
sumers, higher possible RES-E targets).  

The ability to split the support depends on the policy instrument, i.e. the ability to provide technol-
ogy specific support depends on the kind of RES-E instrument:  

– Feed-in tariff scheme 
A differentiation can be implemented most easily within a feed-in tariff scheme. Fewer prob-
lems occur applying such a scheme; 

– Tender procedure 
A technology split within tender scheme is feasible. Of course it is important to bear in mind 
that, on the one hand, too little diversification facilitates strategic bidding, and, on the other 
hand, too large split jeopardises competition due to the development of an oligopoly structure;  

– Quota obligation 
Implementing technology specific quotas is more critical, as too much diversification (signifi-
cantly) reduces the advantage of a trading scheme. The setting of technology specific (linear) 
interim targets is difficult, especially if market size is low. The reason is that the available po-
tential depends on technological diffusion in the past and varies dynamically over time. On in-
ternational level (big markets) a certain technology is available on different degrees of maturity 
in the single countries. Hence, the yearly available potential is more stable than in a small 
market over time; while the potential drops in countries where most of the available potential is 
already used, a higher share is available in countries with a lower exploited potential.  

One alternative to creating different markets (sub-targets), at least at the national level, is to 
combine a quota obligation with investment subsidies, tax relief or tender scheme based on 
investment subsidies. These options avoid the issue that the available potential for each sub-
quota (target) must be known and that large number of sub-markets jeopardises the liquidity 
and the transparency of the market. However, problems with respect to such an alternative 
approach occur when implementing the TGC system at the international level. As the TGC 
price is set at the international level, but the additional support at the national level, strategic 
policy reactions are feasible: Countries providing less additional support gain from the (cheap) 
international TGC price without contributing to it to an adequate extent, i.e. without financing 
the system via national support. 

On the one hand, if costs for currently most cost efficient technologies should be brought down (to 
competitive market prices) a TGC system is optimal. Of course, such a strategy can be problem-
atic for RES-E development in the future as there is insufficient stimulus for the development of 

                                                      
207 The generation costs in the later phase can be both, lower or higher, depending on the technological diffusion 
and available potential of the currently less mature but supported RES-E technologies. 
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currently less mature technologies. On the other hand, if it is an objective to reduce generation 
costs of currently less mature technologies – in general, the cost reduction potential is huge due to 
high progress in technological learning – a technology specific support scheme fits well. Such a 
scheme can be easily implemented by a feed-in tariff or (to a certain extent) a tender scheme, 
leading to a more harmonised RES-E deployment in the mid- to long-term. 

 

7.2.2 How ambitious is the RES-E target in the mid-to long-term? How fast 
should the growth of RES-E deployment be? 

An ambitious RES-E deployment can only be reached by a simultaneous promotion of different 
RES-E technologies. This proposition is explained in Figure 7.3. It is assumed that two technolo-
gies A and B exist and that the marginal generation costs for technology A are lower than for tech-
nology B. Further assume – as can be observed in reality and implemented in the model Green-X 
– that the development of a technology follows a typical S-curve.  

In the case that both technologies are simultaneously promoted, the diffusion process starts at the 
same time. The total RES-E deployment from technologies A+B increases as technology A and 
technology B are developed, i.e. a simultaneous support leads to high deployment, see the left 
hand graph in Figure 7.3.  
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Figure 7.3 Effect of a simultaneous promotion of RES-E technologies versus a serial promotion 

(according to the cost efficiency) with respect to total RES-E deployment 

 

Under the assumption that the promotion of RES-E technologies takes place according to their re-
spective economic generation costs a quite different situation occurs. In the illustrative example 
technology A is promoted first, i.e. a deployment of technology A but no development of technol-
ogy B takes place in the early phase. Over time, if most of the (cheap) potential for technology A is 
used technology B is applied too. Hence, the total deployment of technology A+B requires a 
longer time period than under a simultaneous stimulus, see right-hand-side in Figure 7.3.  

As long as the required RES-E target is less ambitious – more precisely, lower than the blue sum 
curve of technology A+B on the right hand side in Figure 7.3 – the sequence of the RES-E promo-
tion does not influence RES-E deployment. In the case of a more ambitious RES-E target, a simul-
taneous stimulus is necessary.  
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7.2.3 Who should benefit from the system, the RES-E industry, the consumer, 
producer, etc? 

One of the highest barriers in finding a joint agreement is that the benefit for different (interest) 
groups depends on the support mechanism as well as on its design.  

– For RES-E manufacturers the continuity of the RES-E policy is most important. This means, 
the design of the instrument – guaranteeing a continuous demand for RES-E technologies – is 
more important than the kind of policy instrument. Of course, manufacturers of less mature 
RES-E options gain from the promotion of less cost efficient technologies which can be im-
plemented most efficiently via a technology specific feed-in tariff (FIT) scheme or a tender sys-
tem;208 

– Investors in cheap RES-E generation options prefer a TGC system as windfall profits are 
higher under a scheme of uniform incentives for all technologies;  

– The benefits for investors in more costly generation options (but still low enough to participate 
in the system) depend on investor preferences. If they are more risk-loving they prefer a TGC 
system and under the assumption that they are risk averse they prefer a FIT scheme (provided 
that the tariff is guaranteed for a longer period) guaranteeing a minimum rent;  

– Consumers benefit most if their transfer costs for the promotion of RES-E are low209. In most 
cases and considered over a certain time frame, a feed-in tariff scheme210 or tender procedure 
fulfils these requirements better than a uniform TGC system without any additional support. Of 
course, if additional support mechanisms like investment subsidies - both via fixed prices or 
tender procedures – or tax relief assist a TGC scheme transfer costs for consumer can also be 
reduced; 

– Where the core objective is to minimise generation costs, a TGC system implemented at an in-
ternational level is most appropriate, at least in the early phase of RES-E deployment. Note, in 
contrast to general economic theory, in the long term higher generation costs can occur if only 
the most cost efficient technologies are promoted. The reason is that the potential of less ma-
ture technologies, which must be used in the future if the long-term target is to be reached, is 
not available in the necessary magnitude. Hence, also (more) expensive technology options 
must be used simultaneously211. 

 

7.2.4 Should a competitive system be set up? 
It must initially be clarified where competition should take place within the energy chain from 
manufacturing to end use. Figure 7.4 gives an overview about the energy chain  

– Should competition be fostered among manufacturers? 
Competition among manufacturers is mainly independent of the support mechanism. A com-
petitive market can be achieved by overcoming existing market barriers, improving transpar-

                                                      
208 This does not necessarily lead to the conclusion that manufacturers of currently cost efficient technologies pre-
fer strategies that promote only cost efficient technologies. The reason is that under such conditions the danger of 
overheated markets exists.  
209 Note that consumers (voters) are the driving force behind politics and, hence, low public acceptance can over-
turn long-term RES-E policies.  
210 A necessary precondition for an efficient feed-in scheme is that the tariffs are technology specific. In addition, 
costs for consumers can be reduced further if (i) tariffs decreases over time and (ii) a stepped design is applied.  
211 The difference with other markets is that the demand is exogenously (artificially) given by policy and not by the 
market itself.  
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ency and, most importantly, offering long-term development perspectives for the RES-E tech-
nology. The quality of the RES-E technology is influenced by the support scheme. When ap-
plying a TGC system or a tender scheme, manufacturers are encouraged to produce most 
cost efficient components. In contrast, a feed-in tariff scheme - under the assumption that the 
tariff is guaranteed long enough - facilitates the implementation of high quality components, as 
the objective of the investor is not only the minimisation of generation costs, but, rather, the 
maximisation of revenues gained from the tariff over the entire period. 

– Should competition be enforced between generators? 
Competition depends on market volume, the number of competitors (national / international), 
transparency, etc. In general, a TGC system, a tender scheme or a combination of both are 
adequate instruments to achieve competition among investors.  

– Should competition be enforced between distribution companies? 
If competition can be introduced, this should improve the position of generators. 

– Should competition be enforced between end user? 
Competition depends on market transparency, i.e. the offer of green products (green pricing) 
and guarantees of origin. Competitive pressure also exists if it is assumed that the quota obli-
gation is imposed on the end user.  

 

Manufactory Generation Distribution End-user

Mainly 
independent of 

support 
mechanism

Competition 
encouraged by 

TGC and tender

Competition 
encouraged by 
green pricing 

(Guarantees of 
origin)

Competition 
dependent on 

level of 
liberalisation

 
Figure 7.4 Electricity production chain 

 

7.2.5 How should the premium costs (burden) for consumers be distributed 
over time? 

In general, at least as long as RES-E technologies are not competitive to conventional power and 
the amount of RES-E increases, the transfer costs for consumers rise over time for almost all 
RES-E support mechanisms212, maybe not per MWh, but in total as RES-E capacity increase.213  

                                                      
212 The only exception is the “investment incentive” instrument. Costs related to this mechanism are already high 
in the first years and can - but may not - decrease over time.  
213 Note: total costs for the consumer may not increase, since the RES-E displaces conventional electricity, which 
may leads to a reduction in power price. 
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If a simultaneous support scheme for different technologies is applied, e.g. via a feed-in tariff, 
costs are (relatively) higher in the early phase of the system compared to strategies that only sup-
port the currently most cost efficient technologies, e.g. a TGC scheme. The reason is that higher 
costs for promoting more expensive generation options already occur in the initial phase.  

In the mature phase costs can either (slightly) increase, be stable or (slightly) decrease. The net 
effect depends on the duration of the financial support, the RES-E target and technological learn-
ing rate. However, the cost increase is lower214 if  

(i)  a higher potential for the most cost efficient technologies is still available,  

(ii)  the yearly available potential of medium cost efficient technologies is available in a higher 
magnitude215 and  

(iii)  generation costs of these technologies are lower due to technological learning. 
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Figure 7.5 Transfer costs for society applying a instrument with simultaneous support (feed-in 

tariff / FIT) and a mechanism promoting only the currently most cost efficient tech-
nologies (TGC scheme) 

 

If the burden increases significantly over time, there is the threat that the public acceptance de-
creases significantly. Consequently, the political pressure rise to change the instrument, leading to 
all negative consequences of a low long-term instability, not fulfilment of the initial targets etc. The 
context is schematically illustrated in Figure 7.5 and “proved” by the simulation results; see e.g. 
Figure 6.29, Figure 6.44 and Figure 6.45.  

 

7.2.6 What does international burden sharing look like? 
An accepted international burden sharing as well as a breakdown of this target an the Member 
State level are one of the crucial issues in finding a joint EU wide long-term (e.g. 2020) RES-E tar-
get. 

                                                      
214 The cost reduction is higher if costs increase over time. 
215 In addition, due to the higher availability of the annual potential, it is not necessary to apply the most expensive 
generation options. 
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Figure 7.6 Possible allocations of RES-E costs among the countries A and B 

 

A fair burden sharing among (the electricity consumers within) the different countries means that 
the additional costs due to RES-E generation is equal in terms of additional costs per total electric-
ity consumed.216  

                                                      
216 This does not mean that all costs should be imposed directly and equally on the power price. 
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In this respect it is also crucial how to assess the (distribution of the) additional benefits due to 
RES-E generation among the countries. Figure 7.6 illustrates the possible allocation in a fictive 
two country example (country A and B). In the upper part it is assumed that all countries benefits 
from the RES-E production in the same way, i.e. as benefits are distributed equally, the costs 
should be borne equally too. The middle part of Figure 7.6 shows the situation assuming that all 
benefits of national RES-E generation remains in their own country, i.e. country B do not benefit 
from RES-E production in country A and vice versa. Under this assumption no compensation 
payments between country A and B are necessary. In reality the distribution between national and 
international benefits from RES-E deployment is between the two extreme cases – all countries 
benefit from RES-E generation in one country to the same extent and no benefits in another coun-
try occur. This situation is illustrated in the lower part of Figure 7.6. Considering national and inter-
national benefits, a trade-off between the countries should refer to the international relevant part 
only. Of course, to be able to assess national and international benefits a more detailed analysis 
including a macro-economic investigation is necessary. 217, 218 

How can such a burden sharing look like applying different support schemes? Generally, an inter-
national TGC system differs from the other support mechanisms with respect to burden sharing.  

– International TGC system:  
The transfer costs for consumers depend on the agreed (national) RES-E target and not on 
the actual national RES-E production. While a high target leads to a high burden, a low target 
results in low additional costs for consumers.  
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Figure 7.7 Trade-off within an international trading scheme 

 

A homogenous and “fair” distribution of the RES-E costs among the (society within the) coun-
tries is possible if the targets are set in a way that the internationally relevant costs are set uni-
formly among the (consumers) in the countries. Differences in the share among the countries 
appears only due to the variation of the national benefits from RES-E production. The advan-
tage of an international trading scheme is that no additional compensation payments among 
the countries are necessary, if the allocation of the national target following such a procedure. 
All distortions in the RES-E costs will be “fully” compensated by trans-border trading of TGCs. 
In the case that all costs should be compensated internationally the national RES-E targets 

                                                      
217 National relevant benefits include e.g. rural and regional development, employment, local pollution, etc. 
218 International benefits refer to reduction of CO2 emissions due to international trade (high if power market is lib-
eralised and interconnected), effects on power price, industrial development, etc. 
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should be set uniform among the Member States, leading to the same direct transfer costs for 
consumers among the countries. 

– All other support schemes  
In the case of a feed-in tariff scheme, a tender procedure or other price-driven support 
schemes like an investment incentive or tax relief the transfer costs for society depends on the 
actual RES-E generation within the country and the installed capacity respectively.  
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Figure 7.8 Trade-off within a feed-in tariff scheme, a tender procedure, national TGC or other 

price driven schemes 

 

This means, higher transfer costs are imposed on consumers in countries with a (relatively) 
high RES-E potential compared with consumers in countries with a low (and cheap) RES-E 
potential. Hence, it is more difficult to reach harmonisation of the burden among the Member 
States. One remedy is to install a central (international) cost balance or fund system, collecting 
the internationally relevant costs / benefits and distributing them appropriately among the (gen-
erators) in the countries, see Figure 7.8. Hence, in contrast to an international TGC scheme 
additional administration effort is necessary reaching a “fair” distribution of the costs for RES-E 
deployment. 219 Transfer payments into the international fund decreases if the national benefits 
from RES-E rise. No compensation payments are necessary assuming that all benefits due to 
the promotion of RES-E remain within the country.  

Considering the different entity of an international TGC scheme and the other mechanisms a com-
bination of international TGC scheme with other policies must be implemented carefully, otherwise 
distortions occur among the countries and the technologies, respectively. If investment incentives 
for less mature technologies were granted to increase their share and to reduce windfall profits for 
the most cost efficient technologies, transfer costs for consumers in those countries actually in-
stalling the capacity rise. 

 

7.2.7 Should the system be implemented at the national or international level? 
In this context it is most important whether the power market is open or closed. 

                                                      
219 Within an international TGC scheme a comprehensive negotiation process is necessary reaching a “fair” bur-
den sharing agreement between the Member States.  
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Assuming an international power market, no distortions occur when implementing either a national 
or an international scheme. In the case of a not fully open international power market, i.e. with re-
stricted electricity exchange due to limited interconnections distortions occur in an international 
TGC scheme. RES-E deployment in countries with high respective power prices is favoured. The 
reason is that the total revenue from the purchase of the electricity from RES plants consists of the 
revenue from the (higher) power market price and the internationally (constant) TGC price, in-
creasing the total price signal for investments (marginal generation costs). 

In addition, the question depends on the national (indicative) RES-E target. On (a weighted) aver-
age, countries gain from the introduction of an international TGC system. However, some coun-
tries are worse off in an international compared to a national system. This fact should be consid-
ered in the negotiation process for implementing an international TGC system.  

 

7.2.8 Summary 
Table 7.1 summarises which instrument is most appropriate for reaching the corresponding political 
objective. Note the discussed effects refer to the most common design option of the instrument, i.e. by 
changing the design most effects can be changed too. It is assumed in more detail that: 

• Feed-in tariffs are technology specific and decreases with technological progress 

• Quota obligations are uniform, i.e. there are neither technology specific quotas nor additional sup-
port for less cost efficient instruments (e.g. tax relief or investment subsidies) 

• Tender schemes are technology specific, but to maintain competition less specific than under a 
feed-in tariff system 

It is worth mentioning that quite different effects occur applying different design options (e.g. imple-
menting technology specific quotas within a TGC scheme or using no technology specific feed-in tar-
iffs). 

 
Table 7.1 Optimal RES-E policy in dependency of the core issue 

Policy issue Feed-in tariff A National TGC 
system B 

International 
TGC system B 

Tender  
procedure C 

Ensure a broad RES-E technology port-
folio + + - - -  + + 

Allow an ambitious RES-E target for a 
short period + + - - - / + + 

Minimise generation system costs - /+ + / - + / - + 

Minimise transfer costs for consumers + + - - / + + 

Encourage competition among genera-
tors - - + + + + + 

Leads to a homogeneous burden 
among consumers over time + + - - + + 

Can contribute to a fair international 
burden sharing for consumers - - + - 

Note: The discussed effects refer to the most common design option of the instrument, i.e. by changing the design most ef-
fects can be changed too.  
A Feed-in tariffs are technology specific and decreases with technological progress 
B  Quota obligations are uniform, i.e. there are neither technology specific quotas nor additional support for less cost efficient 

instruments (e.g. tax relief or investment subsidies) 
C  Tender schemes are technology specific, but to maintain competition less specific than under a feed-in tariff system 
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Also, the inherent characteristics of the different RES-E technologies should be taken into account, as 
well as national/regional peculiarities. In this context is worth mentioning that the different support 
mechanisms are highly influenced by the political stability of the schemes. For example, in the case of 
a feed-in tariff scheme problems may occur if the guaranteed tariffs are set inappropriate. This means 
if the amount of the tariff is more a result of bargaining process with interest groups than of an as-
sessment of the necessary support to become economic for a certain technology. Also decisions 
which are based on short term gains instead of a stable long term strategy are critical. Similar to a 
feed in tariff, the allocation of the technology portfolio within a tender scheme or a national TGC sys-
tem can be influenced significantly by various stakeholders and lobby groups negatively, leading to 
distortions and inefficient allocations among the different RES-E technologies.  

Shifting the promotion of RES-E at the EU level means that the European Commission is responsible 
for the stability of the scheme and not 15 or 25 national governments. Hence, it is more difficult to 
change the framework conditions driven by policy pressure from different interest groups on national 
level. A good example in this context is the European emissions allowance trading scheme. Despite 
extensive discussions and disapproval from national interest groups the system is being implemented. 
However, it is necessary to design such a concept carefully. 

 

7.3 What can a harmonised approach look like? 
Based on both theoretical analysis and the results of the simulation results, it is useful to harmonise 
policy goals for new RES-E technologies at the EU level. Agreeing on the same ambitious of RES-
policy among the countries – this does not mean that each country must reach the same RES-E tar-
get, but rather, applies the same effort to promote RES-E - significantly reduces the threat that single 
countries postpone their RES-E deployment for strategic reasons. This means that countries wait until 
generation costs declines due to technological learning, caused by the RES-E development in the 
other countries220. 

In principle, two options exist for reaching harmonisation:  

• Full harmonisation 
If joint agreement is reached on which policy objectives (as discussed above) are most important 
and, hence, should be consequently realised, a full harmonised approach is preferable.  

• Sub-harmonisation 
Based on the traditions of different Member States it is likely that they will not find a joint agree-
ment, which support scheme may be applied in the future exclusively to promote RES-E. If this is 
the case it is important that a harmonisation of the general framework conditions takes place. This 
means that the Member States establish clear rules of the framework conditions for the different 
promotion schemes if applied at the national level221. Common general rules can reduce distor-
tions among the producer and consumer.  

Figure 7.9 provides a suggested design of efficient instruments so as to minimise costs for consum-
ers. For more details with respect to the design, refer to chapter 4. 

                                                      
220 Under this condition, the main costs are borne by the society in those countries investing in this technology 
first. Of course, this country has the first-mover advantage of developing its own RES-E industry. 
221 Of course, interaction exists between different schemes: For example, a TGC system gains from the existence 
of a feed-in tariff scheme, as the costs of less efficient technologies decline due to technological learning, which in 
turn leads to lower transfer costs for consumers.  
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General rules (harmonised)

• High investor confidence (stable planning horizon, 
predictability, creditability);

• Pursue a continuous RES-E policy (no stop-and-go 
nature);

• Existing capacities and new capacities should not be 
mixed;

• Financial support given by any instrument should be 
restricted to a certain time frame;

• Encourage competition among the manufacturer;
• Remove non economic barriers
• Compatibility with other policies (climate policy, agricultural 

policy , demand-side measures);

Quota obligation

• Ensure reciprocity of TGCs
(mutually approval)

• Set correct penalty (higher than 
marginal production costs)

• Ensure a sufficient market size 
(try to form an international 
trading system

• Give higher additional support 
for less matured technologies (if 
appropriate)

Tender procedure

• Ensure a continuity of calls and 
predictability over time

• Set technology-cluster specific 
tender

• Call of right technology specific 
tender capacity 

• For large projects predefined 
size, site, interconnection, etc. 
(co-ordinated development for 
capacity, grid feasible)

Feed-in tariff

• Use technology specific tariffs
• Apply a stepped feed-in tariff 

scheme (where appropriate)
• Considering dynamics! Tariffs 

should decrease over time 
when optimal time path for their 
implementation is reached

 
Figure 7.9 Efficient design options for RES-E support instruments from the consumer’s perspective 

 

 

7.4 Summary and final remarks 
The knowledge gained from carrying out the Green-X project can be summarised as follows:  

• There is no clear favoured support mechanism, as each instrument has its pro and cons. 
Which instrument is to be preferable depends on the specific policy objective, see e.g. Table 
7.1. 

• Considering dynamics is essential, as the impact of the instruments significantly varies from a 
static viewpoint. Of special importance is:  

– Technological diffusion due to changes of existing barriers over time 

– Decreasing generation costs and hence lower necessary financial incentives 

– Non-linear dynamic target /quota setting 

• The design of an effective strategy is by far the most important success criteria. The effects 
on RES-E deployment, investor stability, conventional power generation and its emission and 
prices are similar if the design of the instrument is similar too. Of course, as the instrument differs, 
the effort, the efficiency and complexity of reaching a similar impact varies among the support 
schemes too; 

• To ensure a significant RES-E deployment in the long-term, it is essential to build up a 
broad portfolio of different RES-E technologies. 
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– To increase experience and confidence in new technologies. This issue is important to pre-
pare the market for the case that these technologies can be used in the future. 222  

– Demonstrating the viability of new technologies is important for achieving market maturity, as 
the overcoming of barriers depends on the confidence and experience gained from real pro-
jects. For example, banking institutions must be familiar and must trust in new technologies, 
and the risk assessment for new technologies will be reduced as the learning effect in the con-
struction and administration occurs; 

• The maximum RES-E deployment rate depends on the technological differentiation of the single 
RES-E technologies. Applying technology specific support schemes, the dynamics with re-
spect to the total RES-E deployment can be significantly increased; 

• Coordination and harmonisation of the support mechanism between the Member States 
leads to lower transfer costs for consumer. Of course, a necessary pre-condition to reach an in-
ternational agreement is that a “fair” burden sharing concept is developed, considering both 
national and international benefits from RES-E generation 

• The development of a national RES-E industry requires a continuous RES-E policy; 

• Implementing national policies in a different ambitious way among the countries is prob-
lematic within a liberalised power market. The benefits of ambitious policies only partly remain 
within the respective countries. Harmonisation of framework conditions and the associated bur-
dens for consumer should be pursued; 

• The future development of societal costs due to the promotion of RES-E is crucially influ-
enced by the development of electricity prices on the conventional market. Thereby, a higher 
societal burden due to higher electricity prices will be compensated by lower societal costs related 
to the promotion of RES-E; 

• The achievement of most policy targets for RES-E at acceptable societal costs is closely 
linked to the development of the electricity demand. Therefore, besides setting incentives on 
the supply-side for RES-E, accompanying demand-side measures would help to minimise the 
overall societal burden; 

• Accompanying strategies to promote RES-E, such as a TEA system or an active DSM policy, 
are less efficient if they are introduced in an uncoordinated manner (on a national level) 
within an international power market, as the power price only reacts marginally on such policies 
compared to both an isolated electricity market and an internationally coordinated policy. 

 

                                                      
222 Especially if the RES-E target increases significantly in the future. 



152 Final Report of the project Green-X 

8 References 
• Auer H. (2004): Value and additional cost of large-scale wind integration into the European grids, 

Presentation 2004 European Wind Energy Conference, 23 November 2004, London 

• Awerbuch S. and M. Berger (2003): Applying portfolio theory to EU electricity planning and policy-
making, , IEA working paper EET/2003/03, Paris February 2003 

• Betz R.; W. Eichhammer; J. Schleich, Designing National Allocation Plans For EU Emissions 
Trading – A First Analysis of the Outcomes, Energy & Environment, 1 July 2004, vol. 15, no. 3, pp. 
375-425(51) 

• Cleijne H, W. Ruijgrok: “Modelling risks of renewable energy investments”, Green-X Work pack-
age 2 report, July 2004, available under www.green-x.at. 

• COGEN (2002): COGEN Europe Position Statement “EU Emissions Trading and Combined Heat 
and Power. Complementary mechanisms are necessary to prevent negative consequences for 
cogeneration.” 13 November 2002, The European Association for the Promotion of Cogeneration, 
Brussels, Belgium 

• COGEN (2003): “Position of COGEN Europe on Emissions Trading and CHP”, 21 May 2003, 
Brussels, Belgium). 

• Criqui, P. and Kitous, A. (2003). KPI Technical Report: Impacts of linking JI and CDM credits to 
the European Emission Allowance Trading Scheme. KPI. May 2003.  

• DEA (2003). DEA web-site: http://www.dea.dk 

• DEFRA (2003) UK Department for Environment, Food & Rural Affairs web-site.  

• Del Rio P., F. Hernádez, M. Gual, A. Tacsir: “Integrated policy analysis of demand-side energy ef-
ficiency & CHP, GHG and RES-E schemes in EU-15 countries”, Green-X Work package 3 report, 
July 2004, available under www.green-x.at. 

• DG TREN Outlook 2030: European Energy and Transport Trends to 2030 by Mantzos et al. 
(2003) 

• DRI/WEFA (2001). “Report to determine changes after opening of the Gas Market in August 2000” 
prepared for the DG Energy and Transport, July 2001. 

• Ecotec (2001). The Effects of the Liberalisation of the Electricity and Gas Sectors on Employment. 
Final Report to the European Commission. 

• Enquete (2002): Analysis grid for the German Enquete Commission on Sustainable Energy Poli-
cyan Enquete Commission on Sustainable Energy Policy 

• European Commission (1997). White Paper on renewable energy sources (COM(97)599). 

• European Commission (2000a). “Green Paper on greenhouse gas emissions trading within the 
European Union.” COM(2000) 87 final. Brussels, March 8. 

• European Commission (2000b). Directive 2000/60/EC of the European Parliament and of the 
Council of 23 October 2000 establishing a framework for Community action in the field of water 
policy 

• European Commission (2001a). Directive 2001/77 of September 27th 2001 on the Promotion of 
Electricity produced from Renewable Energy Sources in the internal electricity market. 

• European Commission (2001b). Proposal for a directive establishing a framework for greenhouse 
gas emissions trading within the European Community. COM (2001) 581 Final. 10/23/01. Brus-
sels. 



Final Report of the project Green-X  153 

    

• European Commission (2001c). First benchmarking report on the implementation of the internal 
electricity and gas market. SEC(2001)1957. 

• European Commission (2002). Second benchmarking report on the implementation of the internal 
electricity and gas market. SEC(2002)1038. 

• European Commission (2003a). The EU Emissions Trading Scheme: How to develop a National 
Allocation Plan. Non-Paper on GHG emission trading. Brussels. 

• European Commission (2003b). Proposal for a Directive amending the Directive establishing a 
scheme for greenhouse gas emission allowance trading within the Community, in respect of the 
Kyoto Protocol's project mechanisms - COM (2003) 403.  

• Eurostat (2004): Energy statistics (up to the end of 2002) – 2004 edition. 

• Gagelmann, F. and Hansjürgens, B. (2002). “Climate Protection through Tradable Permits: the EU 
Proposal for a CO2 Emissions Trading System in Europe”. European Environment 12, pp.185-
202.  

• Haas R., T. Faber, J. Green, M. Gual, C. Huber, G. Resch, J. Twidell (2001): “Promotion Strate-
gies for Electricity from Renewable Energy Sources – Activities in EU Countries”, Review Report – 
Green Electricity Cluster, DGTREN. 

• Haites, E. (2002). A Guide to Emissions Trading. UNCTAD, UNEP and UCCEE. 

• Harrison, D. and Radov, D. (2002). Evaluation of Alternative Initial Allocation Mechanisms in a 
European Union GHG Allowance Trading Scheme. National Economic Research Associates. Pre-
pared for DG Environment. European Commission. March 2002. 

• Huber C., H. Cleijne, T. Faber, J. Green, R. Haas, G. Resch, (2001b): “The Model ElGreen”, Re-
port of the project “Organising a Joint European Green Electricity Market (ElGreen)”,Energy Eco-
nomics Group (EEG), Vienna University of Technology, Austria. 

• Huber C., T. Erge, T. Faber, J. Green, R. Haas, G. Resch, W. Ruijgrok, J. Twidell (2001a): “Final 
Report”, Report of the project “Organising a Joint European Green Electricity Market (ElGreen)”, 
Energy Economics Group (EEG), Vienna University of Technology, Austria. 

• Huber C., T. Faber, R. Haas, G. Resch, J. Green, S. Ölz, S. White, H. Cleijne, W. Ruijgrok, P.E. 
Morthorst, K. Skytte, M. Gual, P. Del Rio, F. Hernández, A. Tacsir, M. Ragwitz, J. Schleich, W. 
Orasch, M. Bokemann, C. Lins: “Action plan for a dynamic RES-E policy”, Green-X report, Nov. 
2004, available under www.green-x.at. 

• Huber, C. and P.E. Morthorst (2003): Interactions between promotion schemes for electricity gen-
eration from renewable energy sources and CO2 reduction and their single markets: How to 
achieve an efficient CO2 strategy in the electricity sector. In: Proceedings from 3. Internationale 
Energiewirtschaftstagung: 'Die Zukunft der Energiewirtschaft im liberalisierten Markt', 12.-14. Feb-
ruar 2003, Wien, Österreich 

• IEA (2004): World Energy Outlook to 2030, International Energy Agency, Paris 

• International Emission Trading Association (IETA)(2002). Web-site. http://www.ieta.com 

• Jensen, S.G. and Skytte, K. (2002): Interaction between the Power and Green Certificate Market. 
Energy Policy (2002) Vol. 30, Issue 5, pp. 425-435. 

• Jensen, S.G.; Skytte, K. (2003): Simultaneous Attainment of Energy Goals by Means of Green 
Certificates and Emission Permits. Energy Policy (2003) Vol. 31, pp. 63-71  

• Jepma, C. (2003). “The EU emissions trading scheme (ETS): how linked to JI/CDM?. Climate Pol-
icy 3, pp. 89-94. 



154 Final Report of the project Green-X 

• Meulbroek L. (2000), Total strategies for company-wide risk control. In: Mastering risk (vol. 3). Fi-
nancial Times Mastering Series, London 2000 

• Morthorst P.E., K. Skytte, C. Huber, G. Resch, p: Del Rio; M. Gual, M. Ragwitz, J. Schleich, S. 
White: “Analysis of trade-offs between different support mechanisms”, Green-X Work package 4 
report, March 2004, available under www.green-x.at. 

• Morthorst, P.E. (2000a): The Development of a Green Certificate Market. Energy Policy, Novem-
ber 2000, vol. 28/15, p. 1085-1094.  

• Morthorst, P.E. (2000b): Offshore Wind Farms and a Green Certificate Market. In: Offshore wind 
energy in Mediterranean and other European seas: Technology and potential applications. Pro-
ceedings. OWEMES 2000. European seminar, Siracusa (IT), 13-15 Apr 2000. (ENEA, Roma, 
2000) p. 391-403  

• Morthorst, P.E. (2001). “Interactions of a tradable green certicate market with a tradable permits 
market”. Energy Policy 29, pp. 345-353. 

• Morthorst, P.E. (2003): National Environmental Targets and International Emission Reduction In-
struments. Energy Policy (2003) 31 , 73-83  

• Oxera, Netherlands Energy Research Foundations, Energy System Analysis and Planning, Centre 
Atom, Université Pantheon Sorbonne (2001). “Electricity Liberalisation Indicators in Europe” pre-
pared for DG Energy and Transport. 

• POINT CARBON (2003a). Parliament amendments to the EU emission trading Directive. Carbon 
Market Europe. May 9th 2003, page 2.  

• POINT CARBON (2003b). Carbon Market Europe. August 8th 2003. http://www.pointcarbon .com  

• Ragwitz M., C. Huber, G. Resch, S. White (2003): “Dynamic cost-resource curves”, Green-X Work 
package 1 report, August 2003, available under www.green-x.at 

• Ragwitz M., J. Schleich, C. Huber, G. Resch, T. Faber, M. Voogt, W. Ruijgrok, P. Bodo (2004): 
FORRES 2020 - Analysis of the renewable energy’s evolution up to 2020. Draft final report of the 
project FORRES 2020 - on behalf of DG TREN, coordinated by FhG-ISI with contribution from 
EEG, Ecofys, Kema and REC. Karlsruhe (Germany), November 2004. 

• Schaeffer G.J, Boots MG, Mitchell C., Timpe C, Anderson T. (2000): Options for design of tradable 
green certificate systems. ECN-C—00-032. Petten (NL), March 2000.  

• The Carbon Market Analyst (2003). ‘JI and CDM in the EU ETS’. 14 July 2003. 

• US-DOEn(2002): International Energy Outlook 2002, Reference Case projection 

• Uyterlinde M A, Daniels B W, De Noord M, De Zoeten-Dartenset C, Skytte K, Meibom P, Lescot D, 
Hoffman T, Stronzik M, Gual M, del Río P, Hernández P. (2003). ADMIRE-REBUS Assessment 
and Dissemination of Major Investment Opportunities for Renewable Electricity in Europe using 
the REBUS tool. Interim Report. ECN, Petten (NL).  

• Van Sambeek, E.J.W. and Van Thuijil, E. (2003): The Dutch Renewable Electricity Market in 2003. 
An overview and evaluation of current changes in renewable electricity policy in the Netherlands. 
ECN Report-C-03-037. Amsterdam, 2003. 

• WETO (2003): World Energy, Technology and Climate Policy Outlook by ENERDATA et al. on 
behalf of DG Research 



 

    



 

 

 

 

 

 


