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ANNEX II – DATABASE FOR RES-E IN IRELAND  
 

In this task the computer model Green-X is employed and the methodology behind it 
are presented in more detail. Besides giving an overview of the computer tool, focus is 
given to the applied database for renewable energy sources for electricity generation 
(RES-E). More precisely, the possible supply and the related costs of RES-E 
generation will be described. The supply-side is characterised by the unit costs of 
electricity and the resulting potentials. In a liberalised and competitive market these 
costs have a major influence on the energy source chosen for electricity generation. 
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1 THE TOOLBOX GREEN-X – OVERVIEW & 
MODELLING ASPECTS 

1.1 OVERVIEW OF THE COMPUTER MODEL GREEN-X1 

The computer model Green-X is the core product of the project Green-X. It is an 
independent computer programme and has been developed with Microsoft Visual 
Basic as programming tool and Microsoft Access as database. Necessary 
requirements to run the computer programme Green-X are Microsoft Windows, 
Microsoft Excel and Microsoft Access.  
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Figure 1.1 Overview of the toolbox Green-X 

 

The computer model Green-X simulates different scenarios, which enable a 
comparative and quantitative analysis of the interactions between RES-E, CHP, DSM 

                                                 
1 The following characterisation of the toolbox Green-X refers to the version 4.1, which will be available at 

the end of the research project in October 2004. 
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activities and GHG-reduction within the liberalised electricity sector both for the EU as 
a whole and for individual EU-15 Member States2 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 1.1 gives an overview of the core elements of the model Green-X. In the 
following sections, the individual components will be described in brief. 

 

1.1.1 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 
for the most important electricity generation technologies, both from renewable energy 
sources for electricity generation (RES-E) and conventional plants within each EU-15 
Member State, as well as sector-specific options to reduce electricity demand.  

In the toolbox Green-X 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. biomass wood: forestry products (wood) – forestry 
residues (bark, sawmill by-products) – agricultural products (energy crops) – 
agricultural residues (straw etc.) – biogenic fraction of waste (MSW+ISW), 

• the same sub-technology and energy efficiency categories, e.g. photovoltaic 
systems: façade integrated 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. 

 

1.1.1.1 Supply technology database 

To meet all the necessary requirements, the input technology database covers the 
most important parameters for both existing and new plants. The database 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 
                                                 
2 In the near future, an extended version will be produced covering the 10 new Member States, the 

candidate countries Bulgaria and Romania as well as Switzerland and Norway. In the medium-term a 
further extension is planned for other neighbouring countries such as, e.g. the Balkan states and 
Turkey. 
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the EU-15 Member States. In order to obtain results which are consistent with the 
classification according to the EU-Directive “On the promotion of electricity production 
from renewable electricity sources (RES) in the internal electricity market” (European 
Council and Parliament, 2001), the same technology groups and sub-groups are used. 
This means that renewable energy 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 more precise cost 
curve, an additional distinction is made for each fuel input category according to the 
conversion technology applicable to the corresponding primary energy carrier. 
Generally speaking, these are combined cycle gas turbine, gas engine, gas turbine, 
open cycle gas turbine, steam turbine (split into sub-critical and over-critical), fluidised 
bed combustion, internal gasification combined cycle and internal combustion engine. 
Table 1.1 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 1.1 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  
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Wave energy  
Wind  

Wind on-shore  
Wind off-shore  

1.1.1.2 Electricity demand reduction database 

The background database for the model Green-X 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 1.2.  

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

• Investment costs standard and energy saving technology 

• Operation and maintenance costs standard and energy saving technology 

• Electrical efficiency standard and energy saving technology 

• Full-load hours standard and energy saving technology 

• Lifetime standard and energy saving technology 

• Mid-term energy saving potential of energy saving technology compared to 
standard technology 

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 sections.  

 

Table 1.2 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   
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1.1.2 Framework conditions / exogenous inputs 

As scenario depending model inputs, two major items are requested, namely primary 
energy prices and electricity demand forecast, both in a dynamic context. These 
parameters depend on the macro-economic development and are exogenously given 
in the model Green-X.  

In more detail, primary energy price forecasts up to 2020 of primary energy prices are 
needed for all fuel-based supply-side generation options on a country-level. Default 
figures are available for both biogenic 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 project Green-X. 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) 

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. 

 

1.1.3 Social and investor behaviour  

The impact of both consumer and investor behaviour is – to a certain extent - 
integrated in the computer model Green-X.  

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

Another important issue in the model Green-X refers to investor behaviour. The 
decision of stakeholders, whether to invest or not into a certain technology depends on 
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 model Green-X.  

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

 

1.1.4 Policy setting 

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

• General taxes – including: 

– Energy taxes (to be applied to: electricity, heat, lignite / brown coal, hard coal, 
gas, fuel oil) 
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– Environmental taxes on CO2-emissions  
• Promotion instruments for RES and conventional options in the field of electricity 

generation - including: 

– 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, and tendering schemes) 

Note, that 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 
also be investigated. 

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

• Climate Policy: Trading of emission allowances on both national and international 
level can be analysed. 

Thereby, various instrument specific parameters have to be defined, such as 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.  

Note, that 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).  

 

1.1.5 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 this year and 
the (policy) framework 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 restrictions, in order to derive annual dynamic cost-resource curves. 

• The derivation of the dynamic cost-resource curve 

In the following sections, the individual steps are described in more detail.  
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1.1.5.1 Static cost-resource curve 

A static cost-resource curve describes the relationship between (categories of) 
technical available potentials (of e.g. 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 potentials 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 rational to use energy saving technologies compared to a standard 
technology as well as the long-term potential of electricity saving. 

In the computer model Green-X, for both supply and demand, stepped cost-resource 
curves are applied. For illustrative purposes, on the left-hand side of Figure 1.2 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 geographic areas 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 1.2, represents 
a more practical approach. Thereby, sites with similar economic characteristics (e.g. in 
case of wind, sites with the 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 1.2 Characteristic run of a static cost-resource curve: Continuous (left-hand 

side) and stepped function (right-hand side)  
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1.1.5.2 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 activities of power plants at the end 
of their lifetime and exchange of energy saving applications, respectively.  

For new power plants, dynamic costs and potential information must be derived 
considering (i) the selected policy instruments, (ii) investor and social behaviour and 
(iii) general framework conditions. In order to derive dynamic cost-resource curves for 
each year, a dynamic assessment of the previously described static cost-resource 
curves is undertaken. It consists of two parts: The dynamic cost assessment and the 
application of dynamic restrictions. 
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Dynamic cost assessment 

Forecasting technological development is a crucial activity, especially for a long 
time horizon. Considerable efforts have been made recently to improve the 
modelling of technology development in energy models. A rather ‘conventional’ 
approach relies exclusively on exogenous forecasts based on expert judgements 
of technology development (e.g. efficiency improvements) and economic 
performance (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 has proven that costs decline by a constant percentage with 
each doubling of the units produced or installed, respectively. In Figure 1.3 the 
characteristic 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 1.3 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 is prepared to include these two different approaches - standard cost 
forecasts or endogenous technological learning. Default 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.  
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– For conventional power generation technologies – as well as some RE 
technologies – it was decided to adopt well-accepted expert judgements, 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 overall mid-term potentials. Thereby, a 
complex procedure is used, which differs by considered restriction. Default figures 
which can be adapted within the model, are derived from an in-depth assessment of 
the historical development of the various RES and conventional generation 
technologies and their according barriers, which are categorized as follows:  

• Social barrier: Social acceptance of additional electricity generation represents an 
important parameter influencing the penetration of different technologies. In 
general, a decreasing social acceptance can be observed if penetration of a 
specific technology increases. For all generation options social acceptance is 
considered technology specific as a constraint on a national and band-level. Figure 
1.4 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 model Green-X as 
technology specific dynamic limitations of the yearly realisable potential on a local 
(i.e. band) level. Similarly, the social barriers and technical obstacles increase with 
additional deployment.  
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Figure 1.4 Years 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) 
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• Market and administrative constraints: The maturity of the market represents 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 1.5. The evolution is 
characterised 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 regression instead of nonlinear fits involving the 
problem of local minima, etc. 
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Figure 1.5 ‘S-curve’ pattern: Market penetration of a new commodity 

 

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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Realisable potential due to market restriction
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Figure 1.6 Years realisable potential due to market and administration restriction, 

assuming different 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 1.6 illustrates the applied approach for different barrier levels: On the left-
hand side resulting yearly realisable potential in dependence of applied barrier 
level and on the right-hand side related 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 as e.g. wind power plant increases rapidly on an 
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 yields by combining the different barriers on band, 
country 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 existing barriers and obstacles are given exogenously in the model 
Green-X, i.e. they are not derived within the simulation process. Nevertheless, yearly 
dynamic restriction of the total technology specific energy saving potentials can vary 
over time and depends on the already additionally achieved potential of this certain 
technology in the sector and country. 

 

1.1.5.3 Dynamic cost-resource curve 
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Figure 1.7 Method of approach regarding dynamic cost-resource curves for RES-E (for 
the model Green-X) 

 

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 1.7 illustrates this 
procedure 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. 

 

1.1.6 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’ – both on the supply and the demand side - is necessary. More precisely, an 
economic assessment of the dynamic supply and demand reduction curve is made, 
considering the possible policy support (on 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 duration and the stability of the planning horizon 
or the kind of policy instrument, which will be applied, influences the effective support.  
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Figure 1.8 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 1.8 gives an impression of the economic assessment 
approach by the example of a premium 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 depreciation time), the economic support over the 
considered depreciation time is lower compared to the case of a high guaranteed 
duration of the tariff.  

 

1.1.7 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 international), 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 1.9 illustrates this procedure for a TGC and power 
markets.  
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Figure 1.9 Interactions of supply and demand in different considered markets 

 

1.1.8 Model results 

After completion of the simulation run, the model Green-X 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 categorized 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 electricity generation [M€, €/MWh] 

Marginal generation costs per technology 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] 

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

After having given an overview about the elements of and the methodology behind the 
computer tool Green-X, the development of the supply-side cost resource curves for 
RES-E is now explained in more detail. 3 

                                                 
3  Note: It is feasible that some of the methodology already described above are repeated in this part.  
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1.2 DEVELOPMENT OF SUPPLY-SIDE COST-RESOURCE 
CURVES FOR RES-E  

In the model Green-X, the supply-side for RES-E technologies is described by 
generation costs and related potentials on a yearly basis, i.e. by dynamic cost-
resource curves. The subject of this section is to describe the development of these 
cost-resource curves, which takes place in three steps. Firstly, the calculation of 
electricity generation costs from RES will be explained, followed by an analysis of the 
potentials. Finally, the methodology used for the specification of cost-resource curves 
is outlined.  

Dynamic cost-resource curves as described before are characterised by the fact that 
the costs as well as the potential for electricity generation can change year by year. 
The magnitude of these changes is given with respect to costs in most cases 
exogenously in the model, i.e. future annual investment costs etc. in the investigated 
region are “taken” from the international market4.  

 

                                                 
4  For most RES-E technologies an experience curve approach is chosen. In this context, the existence 

of a global learning system is preconditioned – i.e. future annual investment and O&M-costs are 
“taken” from the international market, based on an assumed global development.  
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Figure 1.10 Overview of creating dynamic cost-resource curves for electricity 

generation 

 

The procedure for deriving the dynamic cost-resource curves is depicted in Figure 
1.10. The starting point is the input-database supply for the first year under 
investigation. The database contains information about already existing power plants 
as well as possible new plants. Key information for existing plants includes investment 
costs, operation and maintenance (O&M) costs and electricity generation of the plant 
per year. For new plants, investment costs, O&M costs, efficiency as well as the 
additional potential of electricity generation in the end year 2020 – the so called mid-
term potential - of the technology are most relevant.  

Most of the data can be used as output variables without any change, however, some 
must be adapted. These parameters are, e.g. the primary energy (fuel) prices, interest 
rate – the value depends on stakeholder behaviour following a certain support scheme 
for RES-E – and potential for electricity generation which is available for this year. The 
breakdown of the available additional potential 2020 for the subsequent year will be 
conducted with the help of a dynamic assessment, by considering the existing 
industrial, technical, market and societal barriers and obstacles. The outputs of the 
database are cost-resource curves for each category containing information with 
respect to the actual generation costs and the possible potential for electricity 
generation for the year under investigation.  
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For the analysis of the interaction of different promotion schemes and among different 
markets and market conditions, a further adaptation of the dynamic cost-resource 
curve is necessary – i.e. an economic assessment of the supply curve, which will be 
influenced by the conditions of various support instruments. The results of this 
analysis, however, are offer prices and not costs, i.e. a transition from generation costs 
to bids and offers takes place during this step.  

At the end of the simulation run for the year n-1, the input database for the following 
year will be created by adapting the input database for the year n. Changes are 
necessary for  
• investment costs - for most technologies a cost reduction will take place because 

of learning effects that can be gained due to the development of the technology 
considered,  

• operation and maintenance costs,  
• database on existing plant – all new plant have to be added and old 

decommissioned plant have to be removed,  
• the remaining additional mid-term potential – it must be reduced if part of this 

potential has already been exploited in the year under examination.  

This adapted input-database serves as a starting point for the dynamic cost-resource 
curve development for the next subsequent year. 

 

1.2.1 Data requirements 

Information for the development of dynamic cost-resource curves must be available on 
different levels. In general, three levels of data are required in the model Green-X, 
namely: 
• Country level 
• Technology level 
• Band level 

The data requirements at each level will be briefly outlined below. 

 

Country level 
 

Table 1.3 Summary of supply side country-specific data  



 Page 30 of 102 

Parameter Aim 

Population, land size, GDP (per capita) To receive comparative results among the countries 

Fuel prices for renewable primary energy carriers  To calculate electricity generation costs 

Conventional electricity prices (for each sector) Reference prices - To calculate additional costs for 
society due to the promotion of RES-E 

Specific GHG-emission by energy carrier  To derive additional generation costs due the CO2-
constraints and the consideration of externalities 

Grid extension constraints For dynamic parameter assessment 

Market transparency For dynamic parameter assessment 

Investor behaviour / interest rate For dynamic parameter assessment 5 

Willingness to accept new plants For dynamic parameter assessment 

 
For the investigated cases country-specific data is characterised by the fact that these 
values and parameters are valid (equivalent) for all considered technologies in the 
considered region. Of course, variations occur in a dynamic context – i.e. from year to 
year. Region-specific data is summarised in Table 1.3. 

Despite the fact that the parameters are given exogenously, dynamic effects can be 
expected because values are available as time-series from 2002 to 2020 in the 
database. 

 

Technology level 
 

Table 1.4 Summary of supply side technology-specific data  

Parameter Aim 

Lifespan of technology To derive date of decommissioning of the plant 

Payback time To derive generation costs of a new plant 

Dynamic cost development by technology (i.e. global 
projections with regard to development and 
technological learning) 

To derive investment costs for the year n+1 

Growth rate industry  For dynamic parameter assessment 

Grid extension constraints For dynamic parameter assessment 

Market transparency For dynamic parameter assessment 

Investor behaviour / interest rate For dynamic parameter assessment  

Willingness to accept new plants For dynamic parameter assessment 

 

Technology-specific data is valid for all investigated countries. Of course, changes 
occur over time and data refers only to a certain technology, see Table 1.4. 

                                                 
5  Note investor behaviour depends on various factors such as support scheme, planning horizon, 

technology, and country. 
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Band level 

In the toolbox Green-X it is assumed that most of the parameters (data) are not 
constant within a region and technology, respectively. i.e. they may vary depending on 
the sub-technologies (e.g. combined cycle or steam turbines), energy efficiency 
standards, the fuel input, the location of the plant, or the full-load hours. Therefore, it is 
necessary to create several bands within each RES-E category. Bands are 
characterised by the same economic, technical, social and geographical conditions.6 

In general, the core database of the toolbox Green-X contains information on the band 
level. In the practical implementation, the supply-side database consists of two sub-
bases, namely:  
• Database: Existing plants 
• Database: New plants 

Aim of the input-database ‘existing plants’ is to provide generation costs for electricity 
as well as the potential for this generation from bands (plant) which are already in 
operation in the investigated year n. Possible new generation options of the year n are 
described in the database ‘new plants’. Band-specific information is summarised in 
Table 1.5. 
 

Table 1.5 Summary band-specific data 

Parameter 

Valid for 
existing plants 

(Ex)/ new 
(New) plants 

Input (In) / 
output (Out) 

data 
Aim 

Technology parameter 

Construction year Ex In 
To estimate when the plant will be 
decommissioned7 

Full-load hours electricity Ex and New In To calculate electricity generation costs 
Full-load hours heat (in 
case of CHP) Ex and New In To calculate generation costs (for electricity and 

heat) 

Efficiency electricity 
generation Ex and New In 

To calculate generation costs and emissions; 
this is a dynamic parameter which changes for 
new plants 

Efficiency heat generation Ex and New In 
To calculate generation costs and emissions; 
this is a dynamic parameter which changes for 
new plants 

Fuel category Ex and New In 
To calculate generation costs and emissions; 
link with fuel price (country database), 
information if fuel switch possible 

 

                                                 
6  Same fuel inputs, sub-technologies, energy efficiency standards, full-load hours, etc. 
7  When the plant is decommissioned depends on the lifespan of the technology. If the year of 

decommissioning is reached, the plant will be deleted from the database. Note: for statistical reasons, 
plants constructed before the year 2000 are clustered 
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Table 1-3 Summary band-specific data (continued) 

Parameter 

Valid for 
existing plants 

(Ex)/ new 
(New) plants 

Input (In) / 
output (Out) 

data 
Aim 

Cost parameter 

Investment costs New8 In 

To calculate generation costs; this is a dynamic 
parameter, i.e. investment costs are adapted 
year by year (via learning curve approach of 
forecast) 

Operation and 
maintenance costs Ex and New In 

To calculate generation costs; this is a dynamic 
parameter, i.e. an adaptation of this parameter 
takes place year by year (link to investment 
costs) 

Fuel category Ex and New In To calculate generation costs and emissions; 
link with fuel price (country database) 

Payback time Ex and New  
Parameter set at the technology level, but 
information necessary on band level for various 
calculations 

Interest rate New9 In 
Parameter set at the country and technology 
level but information necessary on band level 
for various calculations 

Short-term marginal 
generation costs;  Ex Out Generation costs for already existing plants, 

important input for economic assessment 
Long-term marginal 
generation costs year of 
construction 

Ex10 Out To calculate profit of the investor 

Long-term marginal 
generation costs year of 
construction 

New Out Generation costs for new plants; important input 
for economic assessment 

Potential parameter 

Mid-term potential of 
electricity generation 

New In mid-term potential electricity generation  

Dynamic restriction new 
plants 

New In Link with dynamic restriction calculation tool 

Potential of electricity 
generation year n:  

Ex and New Out 
Value represents the maximum electricity 
generation of the band for the simulation year n 

 

Equivalent to the conditions at the other levels, parameters can differ over time.  

 

1.2.2 Calculation of electricity generation costs  

For calculating the generation costs a distinction must be made between already 
installed capacities and potentially new plants. For existing plants, only the running 
                                                 
8  Note: The investment costs for existing plants must also be available for the base year for the time of 

construction. 
9  Note: The interest rare must be available for the base-year also for existing plants for the time of 

construction. 
10  Note: Information must be available for the base-year also for existing plants for the time of 

construction. 
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costs (short-term marginal costs) are relevant for the economic decision as to whether 
the plant should be used for electricity generation or not, while for new capacities, the 
long-term marginal costs are important.  

Note, a further distinction has been applied in the following: Generation costs are 
explained separately for pure power generation options and CHP. Of course, within 
the model the same formulas (i.e. the extended ones as necessary in case of CHP) 
have been applied. 

 

1.2.2.1 Existing plants 

Generation costs – pure power generation 

The annual running costs are made up of two parts: fuel costs and operation & 
maintenance (O&M) costs. The fuel costs are a function of the fuel price of the primary 
energy carrier and the efficiency. In the toolbox Green-X, the O&M costs must refer to 
the electricity output. Hence, the O&M costs, referring to the energy unit in the 
database, must be coupled with the full-load hours.11 In general, one average 
operation time (full-load hour) is taken for each technology band. Analytically, the 
generation costs for existing plants are given by: 
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where: 

C .........................Generation costs per kWh [€/MWh] 
CVARIABLE .............Running costs per energy unit [€/MWh] 
CFUEL ..................Fuel costs per energy unit [€/MWh] 

MOC &
~

 ................Operation and maintenance costs per energy unit [€/MWh] 
CO&M ...................Specific annual operation and maintenance costs [€/(kW*a)] 
pFUEL....................Fuel price primary energy carrier [€/MWhprimary] 
ηel........................Efficiency electricity 
H .........................Full-load hours [h/a] 
 

Apart from all kinds of biomass (biogas, solid biomass, sewage and landfill gas), 
renewables have zero fuel costs, so running costs are determined by operation & 
maintenance costs only. Therefore, running costs for RES-E are in most cases low 
compared to fossil-based power generation opportunities. 

                                                 
11  The full-load hours represent the equivalent time of full operation in a year. It is calculated for a certain 

power plant by dividing the amount of electricity generated per year by its nominal power capacity. For 
the theoretical static cost curves, this term reflects an important aspect, namely the suitability of sites 
(e.g. for wind energy). The full-load hours in the case of wind energy are determined by the wind 
speed distribution and the rated wind speed of the machines. Knowing the expected full-load hours, 
the quantity of electricity to be generated can be calculated. Hence, costs per unit are determined. 
‘Full-load hours’ divided by the number of hours in a year (8765h on average) equals the 
dimensionless ‘capacity factor’. 



 Page 34 of 102 

 

Generation costs - CHP 

In the case of simultaneous electricity and heat generation, electricity generation costs 
are calculated by considering the revenues gained from the purchase of the heat. 
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where: 

C .........................Generation costs per kWh [€/MWh] 
CVARIABLE .............Running costs per energy unit [€/MWh] 
CFUEL ..................Fuel costs per energy unit [€/MWh] 

MOC &
~

 ................Operation and maintenance costs per energy unit [€/MWh] 
CO&M ...................Operation and maintenance costs per energy unit [€/(kW*a)] 
RHEAT ..................Revenues gained from purchase of heat [€/MWh] 
pFUEL....................Fuel price primary energy carrier [€/MWhprimary]  
pHEAT ...................Heat price [€/MWhheat] 
ηel........................Efficiency electricity generation [1] 
ηheat .....................Efficiency heat generation [1] 
H .........................Full-load hours [h/a] 

 

1.2.2.2 New plants 

Generation costs - pure power generation 

The calculation of the generation costs of electricity consists of two parts, variable 
costs and fixed costs. The generation costs are given by: 
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where: 

C .........................Generation costs per kWh [€/MWh] 
qel ........................Quantity of electricity generation [MWh/a] 
CVARIABLE .............Running costs per energy unit [€/MWh] 
CFIX ....................Fixed costs [€] 
CFIX / qel...............Fixed costs per energy unit [€/MWh] 
CFUEL ..................Fuel costs per energy unit [€/MWh] 
CO&M....................Operation and maintenance costs per energy unit [€/(kW*a)] 
I...........................Investment costs per kW [€/kW]  

CRF ....................Capital recovery factor:  
( )
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z
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z ..........................Interest rate [1] 
P .........................Payback time of the plant [a] 
H .........................Full-load hours [h/a] 

 

A more detailed description of the running costs is given in the previous chapter. Fixed 
costs occur independently whether the plant generates electricity or not. These costs 
are determined by investment costs (I) and the capital recovery factor (CRF). 

• Investment Costs I 

The investment costs differ by technology and energy source. In general, 
investment costs per unit capacity for RES-E are higher than for conventional 
technologies based on fossil fuels. Also, of course, differences occur between RE 
technologies, e.g. investment costs per unit capacity for small hydropower plants 
are generally more than double those for wind turbines. As most RES-E 
technologies (with the exception of (large-scale) hydropower) are still not mature, 
investment costs decrease over time. This development is taken into consideration 
in the toolbox Green-X, i.e. investment costs are derived annually.12  

 

Table 1.6 Overview of the methodology to dynamically derive investment costs by 
technology 

Dynamic cost development  Methodology to derive investment costs for year n 
(default settings) 

Biogas Forecast (based on ‘global learning curve-projections’) 

Biomass Forecast (based on ‘global learning curve-projections’) 

Geothermal electricity Forecast (based on ‘global learning curve-projections’) 

Small scale hydropower (<10 MW) Forecast (based on ‘global learning curve-projections’) 

Large scale hydropower (>10 MW) Forecast (based on ‘global learning curve-projections’) 

Landfill gas Forecast (based on ‘global learning curve-projections’) 

Sewage gas Forecast (based on ‘global learning curve-projections’) 

Photovoltaics Forecast (based on ‘global learning curve-projections’) 

Tidal stream Forecast (based on expert judgements) 

Wave energy Forecast (based on expert judgements) 

Wind onshore Forecast (based on ‘global learning curve-projections’) 

Wind offshore Forecast (based on ‘global learning curve-projections’) 

 

                                                 
12  The ‘yearly’ determination of the investment costs represents an important input to the data-tables 

described in the previous section. In more detail, the following parameter must be derived for each 
country and technology according to the given situation for the year n-1 and the year n: 
− quantitative values for investment costs over time. 
− quantitative values for the development of the efficiency over time. 
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Forecasting technology development is a crucial activity, especially for a long time 
horizon. Considerable efforts have been made recently to improve the modelling of 
technology development in energy models. A rather ‘conventional’ approach relies 
exclusively on exogenous forecasts based on expert judgements of technology 
development (e.g. efficiency improvements) and economic performance (i.e. 
described by investment & 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 method takes into account the "learning by doing" 
effect.13  

Within the model Green-X, with its core focus on investigations for Austria, it has 
been decided to stick to exogenously given cost forecasts. Hence, the background 
approach applied to derive these future cost developments differs by technology: 
Standard cost forecasts or projections derived by appliance of global learning 
curve-projections – for details see Table 1.6. 

• Capital recovery factor CRF 

The CRF allows investment costs incurred in the construction phase of a plant to 
be discounted. The amount depends on the interest rate and the payback time of 
the plant. For the standard calculation of the generation costs these factors are set 
for all technologies as follows:  
− payback time (PT) of all plants: 15 years 
− interest rate (z) equals 6.5% 

In the toolbox Green-X, different interest rates are used. The interest rate depends 
on stakeholder behaviour and is a function of  
− guaranteed political planning horizon 
− promotion scheme  
− technology 
− market sector (i.e. private, residential, tertiary sector) 
− kind of investor. 

Note, as the generation costs are calculated per energy output, the fixed costs must 
also be related to the electricity generation qel, e.g. compare equation (4) or (5). 
Hence, the fixed costs per unit output are lower if the operation time of the plant - 
characterised by the full load-hours - is high.  

In general, no taxes are included in the various cost-components. 

 

Generation costs - CHP 

                                                 
13  In principle the so-called ‘learning effect’ - which has been empirically observed in several fields of 

technological development – states that for each doubling of producing / installing a certain 
technology, a decline of the costs can be expected by a certain percentage, the learning rate. For a 
brief description of the learning / experience curve approach, see e.g. Wene et al., 2000. 
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Deriving the generation costs for CHP plants is similar to the calculation for plants only 
producing electricity. Beside the short-term marginal costs, i.e. the variable costs, fixed 
costs must be considered for new plants. Of course, equivalent to the case for existing 
plants, variable costs differ between CHP and conventional electricity plants, as the 
revenue from purchasing the heat power must be considered in the first case.  
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where: 

C .........................Electricity generation costs per kWh [€/MWh] 
qel ........................Quantity of electricity generation [MWh/a] 
CVARIABLE .............Running costs per energy unit [€/MWh] 
CFIX ....................Fixed costs [€] 
CFIX / qel...............Fixed costs per energy unit [€/MWh] 
CFUEL ..................Fuel costs per energy unit [€/MWh] 
CO&M ...................Operation and maintenance costs per energy unit [€/(kW*a)] 
RHEAT...................Revenues gained from sales of heat14 [€/MWh]  
I...........................Investment costs per kW [€/kW]  

CRF ....................Capital recovery factor:  
( )

( )[ ]11
1*

−+
+

= PT

PT

z
zzCRF   

z ..........................Interest rate [1] 
PT .......................Payback time of the plant [a] 
HEL ......................Full-load hours electricity generation[h/a] 

 

1.2.3 Determination of the additional mid-term potential for RES-E 

 

                                                 
14  The calculation of the revenues gained from sales of heat is described in equation (2). 
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Figure 1.11 Methodology for the definition of potentials 

 

The starting point for deriving the dynamic potential is the determination of the 
additional mid-term potential for electricity generation for a specific technology in a 
specific country.15 The additional mid-term potential represents the maximum 
additional achievable potential assuming that all existing barriers can be overcome 
and all driving forces are active. The so-called dynamic potential represents the 
maximal achievable potential for the year n. This means advantage must have been 
taken of all existing promotion strategies, both on the investor and the consumer side. 
To illustrate this more clearly, the connections between the different potential terms 
are depicted in Figure 1.11. 

 

Remark: Definition of potential terms 

• Theoretical potential: For deriving the theoretical potential general physical 
parameters have to be taken into account (e.g. based on the determination of the 
energy flow resulting from a certain energy resource within the investigated 
region). It represents the upper limit of what can be produced from a certain energy 
resource from a theoretical point-of-view – of course, based on current scientific 
knowledge; 

• Technical potential: If technical boundary conditions (i.e. efficiencies of conversion 
technologies, overall technical limitations as e.g. the available land area to install 
wind turbines) are considered the technical potential can be derived. For most 
resources, the technical potential must be seen in a dynamic context – e.g. with 

                                                 
15  Note: While the additional mid-term potential represents an important input parameter in the database, 

the additional annual potential (dynamic potential) is one of the essential output parameters of the 
cost-resource curve development. 
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increased R&D conversion technologies might be improved and, hence, the 
technical potential would increase; 

• Realisable potential: As already explained above the realisable potential 
represents the maximum achievable potential assuming that all existing barriers 
can be overcome and all driving forces are active. Thereby, general parameters as 
e.g. market growth rates, planning constraints are taken into account. It is 
important to mention that this potential term must be seen in a dynamic context – 
i.e. the realisable potential has to refer to a certain year; 

• Mid-term potential: The mid-term potential as indicated in Figure 1.11 is equal to 
the realisable potential in the year 2020. 

 

In the toolbox Green-X the additional mid-term potential for electricity generation 
refers to the year 2020. The methodology for the analysis of the potential varies 
significantly from one technology to another.  

• In most cases a ‘top-down’ approach is used (e.g. for wind energy, photovoltaics). 
In a first step the technical potential for one technology (in one country) for 2020 
has to be derived by determining the total useable energy flow of a technology. 
Secondly, based on step one, the mid-term potential for the year 2020 is 
determined by taking into consideration the technical feasibility, social acceptance, 
planning aspects, growth rate of industry and market distortions. The additional 
mid-term potential is given by the mid-term potential minus existing penetration 
plus decommissioning of existing plants.16 

• For a few technologies, a ‘bottom-up’ approach has been more successful (e.g. for 
geothermal electricity), i.e. by looking at every single site (or band) where energy 
production seems possible and by considering various barriers, the additional mid-
term potential is derived. The accumulated value of the single band yields the 
additional potential for one technology (in one country). 17 

 
One specific problem occurs with respect to biomass. The total primary energy 
potential for biomass is restricted. The actual distribution among the different options - 
pure electricity generation, CHP generation, heat generation or biofuel - depends on 
the net economic condition. As for the economic assessment, various support 
schemes must be considered, the final decision as to which options will actually be 
implemented is only feasible after including this step. To solve this problem, the values 
and the different options are linked in the database.  

 

 

                                                 
16  To use the potential in the database of the toolbox Green-X, the additional mid-term potential obtained 

on the technology level (in one country) must be broken down to the band level.  
17  For the toolbox Green-X the addition of the single band is not necessary as the information must be 

available on band level. 
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1.2.4 Development of the static cost-resource curve for RES-E 

A cost curve shows the correlation between electricity costs per unit and the 
cumulative amount of electricity production from one specific technology in one 
country per annum. Hence, the development of a cost curve implies knowledge of the 
two items explained above: 
• costs for electricity per unit; 
• total quantity of electricity that can be generated per annum at certain cost levels. 

The cumulated sum of these amounts is equal to the totally available potential of a 
certain technology. 

As already described, cost curves for one technology (and country) are divided into 
different bands, see Figure 1.12. 

 

Generation 
costs

[€/MWh]

Potential [MWh]

Band 2
Band 1

Band 3

 

Figure 1.12 Relationship between costs and potential for one technology 

 

Bands are characterised by  

• same fuel input, e.g. biomass wood: forestry products (wood) – forestry residues 
(bark, sawmill by-products) – agricultural products (energy crops) – agricultural 
residues (straw etc.) – biogenic fraction of waste (MSW+ISW), 

• same sub-technology and energy efficiency categories, e.g. photovoltaics systems: 
facade integrated systems – roof system, 

• 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. 

Table 1.7 gives an overview of the band characteristics of the implemented RES-E 
technologies. 

 

Table 1.7 Summary of the band characteristics of different technologies 

Technology Band characteristic 

Biogas Plant size (efficiency, O&M-, investment costs), full-load hours 
Biomass (generic) Fuel input (fuel price), plant size/type (efficiency, O&M-, investment 

costs), full-load hours 

Geothermal electricity Plant size/type (efficiency, O&M-, investment costs), full-load hours 
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Small scale hydropower (<10 MW) Plant size/type (efficiency, investment costs), full-load hours 

Large scale hydropower (>10 MW) Plant size/type (efficiency, investment costs), full-load hours 

Landfill gas Plant size (efficiency, O&M-, investment costs), full-load hours 

Sewage gas Plant size (efficiency, O&M-, investment costs), full-load hours 

Photovoltaics Plant size (O&M-, investment costs), full-load hours 

Solar thermal electricity Plant size/type (efficiency, O&M-, investment costs), full-load hours 

Tidal stream Plant size/type (O&M-, investment costs), full 

Wave energy Plant size/type (O&M-, , investment costs), full 

Wind onshore Investment costs, full-load hours 

Wind offshore Investment costs, full-load hours 

 
To obtain a continually rising cost-resource curve, all costs and potentials are ordered 
according to costs, i.e. the cheapest first and the most expensive last. Figure 1.13 
depicts a characteristic run of a cost-resource curve. It can be seen that it is helpful to 
show a separate development of the cost-resource curve for already existing and 
potential new plant.  
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Figure 1.13 Cost-resource curve for achieved and additional potential of technology x 

 

1.2.4.1 Static cost-resource curve – existing plants 

A characteristic cost-resource curve referring to already installed plant is depicted in 
Figure 1.14. In this example, four different categories are used to describe the existing 
plant- bands B1 (efficient plant / good size) to B4 (inefficient plant / bad size). For each 
band the short-term marginal generation costs (STMC) and the long-term marginal 
generation costs (LTMC) are shown sorted by rising STMC.  
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The calculation of the STMC follows equation (2) explained above.18 The LTMC are 
derived according to equation (5)19, i.e. all cost parts, both investment and running 
costs, have to be taken into account. Note that the investment costs for existing plants 
refer to the year of installation and not to the year n – of course, as usual they are 
expressed in 2002€.  

 

Costs 
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electricity generation [GWh]
potential existing 

plants year n

STMC year nB1
B3B2

B4

LTMC year n

LTMC year n = cFix year of inst./qel + cFuel + cO&M

STMC year n = cFUEL + cO&M

 

Figure 1.14 Cost-resource curve for already achieved potential of technology x  

As already mentioned, only the short-term marginal generation costs (STMC) are 
relevant for the economic decision whether or not to produce electricity with a certain 
capacity - represented in the model by the band. This is because, for existing plants, 
the investments in capacity are already (irreversibly) sunk.20  

Nevertheless the long-term marginal generation costs are still important for the 
calculation and evaluation of important results, e.g. the derivation of the producer’s 
profit. More precisely, as long as investments for a plant are not fully depreciated, the 
actual investment costs influence (significantly) the actual full generation costs and, 
hence, the producer’s profit. 

 

1.2.4.2 Static cost-resource curve – new plants  

Cost-resource curve – pure power generation 

As already mentioned, the electricity generation cost level for new installations is 
determined by the long-term marginal costs. The costs are derived according to 
equation (3) and (5), respectively. In contrast to already existing plants, the investment 
costs decrease over time e.g. according to the derived learning curve of the 
technology for the year n. The stepped curve as depicted in Figure 1.15 indicates the 
different cost / potential levels (bands). For instance, in the case of wind energy, sites 
with similar wind characteristics (mean wind speed and roughness class) are 

                                                 
18  Equation (3) in the case of a CHP plant. 
19  Equation (5) in the case of a CHP plant. 
20  It is assumed that the capacity cannot be rebuilt and sold to a third party.  
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described by one band with one average load factor (or full-load hours), resulting in 
one specific cost level. In the example shown in Figure 1.15, seven different bands 
(characterised by different full-load hours) are defined – starting with best wind 
conditions (high achievable full-load hours - band B1) through to poor (band B7).  
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Figure 1.15 Cost-resource curve for additional mid-term potential of technology x  
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Cost-resource curve - CHP 

Some resource categories such as biomass can be used for both pure power 
generation and combined heat and power production. Therefore, information with 
respect to the mix of ‘pure’ electricity generation to combined heat and electricity 
production is of high relevance. In the toolbox Green-X, the ratio of CHP plants to pure 
electricity generation plants depends on the competitiveness of each technology. To 
keep the simulation time in an acceptable frame, it is assumed that the electricity to 
heat generation ratio is constant within one band. The power-to-heat ratio, however, 
differs among the bands of a certain CHP technology.  

 

1.2.5 Development of the dynamic cost-resource curve for RES-E  

In general, in the toolbox Green-X, dynamic effects will be considered covering the 
areas of:  
• costs for new plants 
• available / realisable potential for existing and new plants, respectively. 

The dynamic adaptation of the costs (investment costs and operation and 
maintenance costs) will take place at the end of one simulated year, i.e. the 
investment costs for the year n will be determined at the end of the year n-1, see also 
Figure 1.16. The methodology used to derive the new investment costs has been 
already described in Chapter 1.2.2.2.  

The dynamic assessment of the potential will take place at two different stages in the 
model:  

• The evaluation of the available potential of existing plants for the year n will be 
made - similar to the cost adaptation – at the end of the simulation run in the 
previous year.21  

• For new plants, the assessment of the maximum realisable potential for the year n 
takes place after the creation of the static cost-resource curve for the year n. The 
reason why this step cannot also be carried out at the end of the year n-1 (as done 
for all other dynamic assessment steps), is that not all required information for 
deriving the assessment parameters is available at that time – i.e. as policy 
settings can be changed year by year, actual settings for the year n must be used 
which, of course, are only available after the simulation for the year n is started. In 
more detail the following inputs must be available:  
– Input database supply 

o Input database – existing plants  
o Input database – new plants  

– Stakeholder behaviour 
o Investor 
o Society 

                                                 
21  Nevertheless, to have a better comparison with the methodology applied for new plant, the procedure 

determining the potential for existing plant should also be described in this chapter.  
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– Policy instruments 
o Supply-side strategies 
o Demand-side strategies 

In the following section, the development of the dynamic cost-resource curves will be 
explained in more detail for existing and new plant separately.  

1.2.5.1 Dynamic cost-resource curve - existing plants  

The following describes how to adapt the already achieved potential of existing plants. 
As mentioned before, in the actual toolbox, implementation of this step takes place 
during the creation of the ‘input database – existing plants’ for the year n, i.e. at the 
end of the year n-1. The results of the simulation of one year show – among others – 
which potentially new plants have actually been implemented. Therefore, the database 
of existing plants must be extended by these plants, i.e. the database for existing 
plants consists - after carrying out this step - of data for all plants already installed 
before the year n-1 plus those plants which were built in the year n-1. However, this 
also means that old plants, which are at the end of their lifespan in the year n, are still 
included in the adapted database. Hence, in a second step, a lifespan assessment 
must be carried out. All plants which have to be decommissioned in the year n have to 
be excluded from the ‘input database – existing plants’.  
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Figure 1.16 Schematic plot of the development of dynamic cost-resource curves for 

existing plant for the year n (including extension for new plant of the year 
n-1 and lifespan assessment of existing plants) 

 Note: these steps will be carried out at the end of the simulation for year n-
1  

In the database the lifespan of the plant (share) of each band of the technology will be 
compared with the construction year of the plant. If construction year plus technology-
specific defined lifespan is smaller than year n, the plant will be decommissioned. This 
means this potential will be subtracted from the available potential of existing plants in 
the year n.22 This procedure is schematically depicted in Figure 1.16.  

 

                                                 
22  Note: costs for replacing old plants with new ones is cheaper and acceptance is higher compared to 

the construction of totally new plants at new locations. Therefore, the potential removed must be 
adequately considered in the dynamic parameter assessment in the following years.  
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1.2.5.2 Dynamic cost-resource curve - new plants 

The methodology to derive a dynamic cost-resource curve for the year n for potentially 
new plant is more complex than it is for existing plants, because – as already indicated 
in previous sections – this dynamic cost-resource curve for a certain year must be 
developed from the (static) cost-resource curve related to the additional mid-term 
potential.  

Why is it necessary to start with the additional mid-term potential and derive the 
annual potential backwards in time from 2020 to year n (‘top down’) instead of 
assessing the additional potential for the next year directly by taking into consideration 
various available barriers and obstacles for the next year (‘bottom up’)? The answer is 
given by practical reasons, namely,  
• data with respect to the additional mid-term potential are available for various RES-

E technologies, e.g. from projects like SAFIRE, ElGreen, etc. Therefore, 
compatibility with other studies is given and, hence, correction and adaptation are 
easily feasible, 

• the potential for the year n depends on parameters (e.g. policy strategies) which 
will be set in the simulation for year n and, hence, are not available as input 
parameters for the simulation process before the year n.  
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Figure 1.17 Schematic plot of the cost curve development for the year n and 

technology x 

Nevertheless, in many cases, the results of this ‘top-down’ approach will be 
accompanied and compared with the ‘bottom up’ approach, i.e. deriving the additional 
potential for year n by starting from year n-1. With this ‘two-fold’ approach it is secured 
that the potential derived directly by the ‘bottom up’ approach (here the available 
potential is given by the minimum barrier for the next year) does not exceed the 
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additional mid-term potential determined by the ‘top-down’ approach and evaluated in 
many international studies.  

The ‘top down’ approach is depicted in Figure 1.17. and will be described in more 
detail below. Note, an in-depth description of the dynamic parameter assessment is 
given in section 1.2.6. 

 

1.2.5.3 Dynamic cost-resource curves for the year n 

The overall cost-resource curve for the year n can be derived by horizontal addition of 
the already achieved potential (existing plants) and the available additional potential 
(new plants). This procedure is shown in Figure 1.18.  

In general, it can be said that the generation costs of electricity from RES are higher 
than those of conventional energy sources. Moreover, costs, as well as achievable 
potentials, differ widely among the specific RES-E. The combination of the cost-
resource curves for potentially new and already achieved plants represents the output 
of the database ‘dynamic cost-resource curve’. 
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Figure 1.18 Combination of cost-resource curves for already achieved and additional 

potential for the year n and technology x 

 



 Page 49 of 102 

Summing up, the future penetration of a certain technology depends on how it prevails 
over two categories of obstacles: 

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

• Other (non-economic) barriers as described above – they restrict the available 
potential of electricity generation in year n. 

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 existing barriers, e.g. increasing the social 
acceptance by information campaigns, or decreasing administrative burdens for 
commissioning new plants, etc.. In other words, low (net) generation costs but high 
non-economic barriers still result in less additional penetration.  

On the other hand, providing a good environment at administrative, social, industrial 
and technical levels (i.e. admitting a huge potential) without economic incentives does 
not increase the future penetration rate of a certain technology. A high potential of 
electricity generation but high generation costs also results in a low market share.  

 

1.2.6 Dynamic parameter assessment (new plant) 

The dynamic parameter assessment represents the key element within the model 
Green-X to derive the dynamic potential for a certain year – i.e. the year n – from the 
overall remaining additional realisable mid-term potential (up to the year 2020) for a 
specific RES-E.  

In a first step, the restricting factors of the dynamic potential for the year n must be 
analysed compared to the given additional mid-term potential, i.e. existing barriers 
must be determined. Secondly, the additional potential for the year n can be derived 
by applying a dynamic parameter assessment. More precisely, for each band, the 
available potential for the next year compared to the overall remaining mid-term 
potential (for the period up to the year 2020) will be evaluated.  

 

1.2.6.1 Classification of dynamic barriers 

In general, various barriers are taken into consideration – namely these are:  

• Social barriers: Social acceptance of additional RES-E generation;  
Social acceptance represents an important parameter influencing the penetration 
of RES-E. In general, a decreasing social acceptance can be observed if 
penetration of a specific RES-E increases. Compare e.g. the case of large-scale 
hydropower in Austria: As hydropower represents a well-exploited resource 
planned new large-scale projects faced huge public acceptance problems in the 
near past. Social acceptance problems occur also in case of wind energy on local 
level with increasing penetration. Thereby, the involvement of local actors 
determines in many cases the success of certain projects.  
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Hence, in many cases social acceptance is also influenced by the applied policy 
strategy, e.g. the acceptance of big wind projects (e.g. in countries with best wind 
conditions as this is the case for Ireland) is more restricted knowing that most of 
the electricity generated will be exported (e.g. due to an international TGC market) 
rather than be consumed locally or at least domestically.  

• Industrial barriers: Growth rate of Industry; 
In general, the availability of a certain RES-E technology in one country depends 
on the total global demand. i.e. if the (policy-driven) demand for a certain 
technology as e.g. wind power plant increases rapidly on an international level, 
then a bottleneck situation might occur with respect to the industrial production of 
wind turbines. As a result less capacity could be built also on a country-level.  
Nevertheless, it must be stated that for the simulations undertaken with the model  
Green-X this barrier is not taken into account. It is assumed that for small countries 
like Austria a dynamically fostered country-specific demand would have less 
impact on the overall global demand. 

• Technical barriers: technical feasibility – i.e. grid restrictions or necessary grid 
extension, respectively; 
For the integration of certain RES-E, namely e.g. wind power (characterised by 
high capacities and low load-factors), the existing grid represents an important 
barrier. If a weak grid exists on a local level, grid extension is necessary to 
integrate large amounts of RES-E in the future. Hence, grid restrictions lead to 
longer project leap times and are considered within the model Green-X as RES-E 
specific dynamic limitations of the yearly realisable potential on a local (i.e. band) 
level.  

• Market barriers: market and policy distortions; 
Potential investors of RES-E projects have to get aware of the overall ‘policy-driven 
demand’ due to the promotion of certain RES-E. Thereby, confidence must be 
raised, that the overall planning horizon can be seen as stable and that the 
envisaged technology is proven. Market barriers are closely linked to administrative 
barriers described below and, hence, are described within the model Green-X by 
one RES-E specific indicator on a country-level.  

• Administrative barriers: high bureaucracy; 
Often RES-E project developers face a high level of bureaucracy (i.e. a broad set 
of required procedures and permissions) during their project implementation 
process. In general, administrative barriers are linked to the RES-E specific market 
maturity within a country. 

• Resource availability:  
In general, the availability of a specific resource must be seen in a dynamic 
context. Thereby, the potential can either increase or decrease over time. E.g. in 
case of solid biomass, where the available potential of energy crops depends on 
land use regulations, higher available area potentials lead to a delayed increase of 
the according energy potential over time due to the time gap (delay) between 
cultivation and harvesting. In contrary, recent developments regarding waste 
treatment regulations as e.g. given by the EU-directive on the landfill of waste 
(European Commission, 1999) highly limit the realisable potential of this energy 
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