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1. EXECUTIVE SUMMARY 

A host of policies and regulations govern the behavior of the electricity sector and significantly impact 

the decisions of producers, consumers, investors and other stakeholders. To efficiently steer norms and 

regulations, policy makers need accurate and up-to-date information on the factors that influence the 

decision making processes of investors in electricity generation. However, there are gaps in the data and 

information in the public realm with regards to the evolving economics of RET (Renewable Energy 

Technologies), especially when compared to those of non-RET. The objective of this report is to provide 

data, information, and insights to policy makers and to other actors in the electricity sector to help them 

assess the impact of policies in the business case of electricity generation. 

Methodology and Scope - This report is based on the RE-COST Study, sponsored by IEA-RETD
1
 in 2012-

2013. The study documents, quantifies and analyzes the key factors that influence and determine the 

business case of new plants and projects; defining as such, power generating units with commissioning 

date between 2009 and 2013.  

RE-COST focuses on seven countries: Canada, France, Germany, Japan, Norway, Sweden and Spain. 

Canada has been assessed through the analysis of three provinces: Alberta, Ontario, and Quebec. The 

technologies in the scope of the study include: on-shore wind ς farms larger than 5 MW; off-shore wind 

ς including operating plants, and development projects; solar PV ς farms larger than 1 MW
2
; gas-fired 

plants ς with emphasis on combined cycle generation; and coal-fired generation ς focusing on super-

critical pulverized coal plants. Hydro generation has also been analyzed, albeit at a lower level of detail 

than the other technologies.  

RE-COST uses a custom-built simulation model, designed to test the influence of a number of factors in 

the business case of RET and non-RET generation including; plant design, technology specifications, 

region/country characteristics, market structure, support policies and incentives, etc. The model is 

supported by a database containing detailed ς and largely confidential ς information from more than 

120 new plants and projects. Data have been enriched with insights from more than 90 interviews with 

industry actors, and have been contrasted and completed with publicly available information. A total of 

more than 1,200 simulations have been carried out to assess the potential business cases of the 

region/technology pairs included in the scope of the study. 

The methodology used has distinct advantages: the results can be referred to concrete plants, it allows 

the evaluation of both the revenue and the cost sides of the business case of generation, it makes it 

possible to assess the potential sensitivity of investors to changes in policies, and it provides a 

quantitative basis to insights and recommendations. This guarantees a hands-on, practical approach. 

However, the findings displayed in this report are valid only within the specific scope (region/technology 

pairs), and the time span of the study (2011-2012). Extrapolating the results from RE-COST to other 

regions, technologies, or market circumstances may not yield accurate results and may lead to 

erroneous conclusions. 

                                                                 

1
 IEA-w9¢5Υ ¢ƘŜ LƴǘŜǊƴŀǘƛƻƴŀƭ 9ƴŜǊƎȅ !ƎŜƴŎȅΩǎ LƳǇƭŜƳŜƴǘƛƴƎ !ƎǊŜŜƳŜƴǘ ƻƴ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ ¢ŜŎƘƴƻƭƻƎȅ 

Deployment. 
2
 The analysis includes large solar PV installations only. The results and recommendations pertaining to this 

technology are not applicable to small-domestic and roof-top solar PV plants. Thermo solar generation is also 
excluded from the scope of the study. 
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The Business Case of Generation ς Insights - The analysis of the business cases of generation across the 

region/technology pairs included in the scope of the RE-COST study shows that, at the present, new on-

shore wind, off-shore wind, and large solar PV plants still require policy support to bridge the gap 

between generation costs and market prices of electricity. However, this state of affairs may change in 

the near future. Technology and market dynamics are driving down the costs of RET generation and are 

increasing the costs of non-RET generation. Before long, best in class on-shore wind and large solar PV 

plants should be able to provide attractive business cases to investors, without resorting to revenue 

incentives, in regions with high proportion of thermal generation
3
.  

A number of factors should be taken into account when defining and optimizing policies in the electricity 

generation sector:  

1. - Policies and regulations significantly affect the business cases of RET and non-RET generation 

projects. Analysis show that the cumulative impact of support schemes and incentives may reduce the 

total costs of development and operation of an RET plant by up to 6-8%
4
, with average cost reductions 

~5%
5
. Price incentives ς such as FIT, RPS, green certificates, etc. ς may significantly increase the unit 

revenue (US$/MWh) of a wind or solar PV plant.  

 

Figure 1. Sensitivity analysis - Comparisons between incentives to coal and on-shore wind (US$/MWh)
6
 

But a frequently overlooked fact is that subsidies and regulations may also be a significant factor in the 

business case of non-renewable generation. Direct and indirect incentives for gas-fired and coal-fired
7
 

                                                                 
3
 Regions where new, mature RET will need more time to become competitive include those with high proportion of 

hydro generation (Norway, Sweden, and Quebec), and regions with very low fuel prices (gas in Alberta). 
4
 The result of simulating the cumulative impacts of grants of land, support to alleviate the cost of upgrading or 

connecting to the grid, and specific tax reductions that have been identified for some of the plants in the database. 
5
 Represents an average of the impact of advantageous conditions obtained by the plants in the database of RE-

COST. 
6
 Direct incentives are fully visible, and are awarded to a generation technology. For instance feed-in-tariffs, green 

certificates, or auctions. Indirect incentives are less visible and affect the factor costs of generation. For instance, 
tax exemptions in the purchase of land of a plant, grandfathering of emissions, or provisions for local content. 
7
 Examples of incentives to non-RET generation include grants of land to establish new plants, grandfathering of 

emission control requirements, subsidies to fuel (coal), public assumption of decommissioning costs, and tax 
reductions and exemptions. Section 3.10 of this report provides details about some of the mechanisms used to 
incentivize non-RET plants, and their approximate size. 
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plants may result in up to 10-25% reduction in generation costs.  As a consequence, and as difficult as it 

might be, all incentives should be considered when assessing and comparing the costs of RET and non-

RET generation
8
. 

2. - There is no unique cost of RET or non-RET generation. The ranges of costs associated to any 

generation technology are relatively large and highly dependent on the regulatory and market contexts. 

Best in class plants ς those with high utilization rates, low capital costs, and low rates of financing ς can 

have generation costs up to 50% lower than those of average plants
 9
. This is especially relevant in the 

case of large solar PV, where large differences in costs can be observed when plants built several years 

apart and based on different technologies are compared. In addition, policies in different regions 

significantly affect generation costs by establishing an ample set of reward mechanisms, such as R&D 

grants, assumption by the TSO of the cost of connecting to the grid, tax breaks, reduction of 

administrative burdens, etc. 

3.- The generation costs of new RET are gradually decreasing. On-shore wind generation is already 

competitive
10

 in the regions evaluated by RE-COST. Intermittency issues aside, the costs of RET 

generation are declining, and approaching the costs of thermal generation (gas- and coal-fired plants), 

especially if the hidden subsidies that thermal generation plants may receive are not factored in. The 

rate of cost reduction is higher in large solar PV. Technology breakthroughs, the emergence of lower 

cost suppliers, and oversupply of components are resulting in a sharp reduction of the costs of this 

technology.  

 
Figure 2. Evolution of generation costs ς New plants and projects vs. older plants

11
 

                                                                 
8
 A special effort has been made to identify and to separate the impact of policies on the costs and compensation to 

generation in order to present to the reader a clear view of the impact of technology evolution, market factors and 
policy decisions. However, in some cases in which policies act in an indirect way or are hidden, it has not been 
possible to segregate the effect of policies from that of other factors.  
9
 ¢ƘŜ ǊŀƴƎŜǎ ƻŦ ǳǘƛƭƛȊŀǘƛƻƴΣ ŎŀǇƛǘŀƭ ŎƻǎǘǎΣ ŀƴŘ ŘƛǎŎƻǳƴǘ ǊŀǘŜǎ ƻŦ ŀ άōŜǎǘ ƛƴ Ŏƭŀǎǎέ Ǉƭŀƴǘ ŘŜǇŜƴŘ ƻƴ ǘƘŜ 

region/technology. Specific ranges are provided in the main report for best in class and average plants in each 
region/technology pair evaluated.  
10

 The ǘŜǊƳ άŎƻƳǇŜǘƛǘƛǾŜέ ǳǎŜŘ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ w9-/h{¢ ǊŜŦŜǊǎ ǘƻ άŎƻǎǘǎ ƻŦ ƎŜƴŜǊŀǘƛƻƴ ǘƘŀǘ ŀǊŜ ƛƴ ǘƘŜ ǾƛŎƛƴƛǘȅ ƻf 
ƳŀǊƪŜǘ ǇǊƛŎŜǎ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴ ǘƘŜ ǊŜƎƛƻƴκŎƻǳƴǘǊȅ ōŜƛƴƎ ŀǎǎŜǎǎŜŘέΦ 
11

 Cost displayed show LCOE (Levelized Costs of Electricity) obtained from simulations. The costs of investing in new 
grid, or connecting to the grid have been included as part of the capital costs of the plant. The average costs of 
transmission of each plant are not included in the ranges shown in the graph. The ranges of LCOE shown exclude 
the impact of direct incentives and support measures to plant costs. Indirect, hidden or not reported incentives may 
be included in some plants. Data from Japan have not been included to prevent bias (larger cost and revenue 
ranges)  

0

100

200

300

400

500

Breakthrough 
plants 

On-shore

wind

Off-shore

wind

Solar PV CCGT CoalHydro

LCOE

US$/MWh Plants ~ 2003 - 2009

Plants: 2010 and later (projects)

Breakthrough Plants: drastic cost reduction

Market price 
ranges for 
electricity

Source: Prysma Analysis



 RE-COST  

   Page 16/212 

This study does not aim to providing accurate forecasts of the potential costs of generation in the 

future. But the general belief emerging from industry interviews and expert reports is that most of the 

observed cost reductions in RET generation are structural and stable, and should persist in the short and 

mid-terms
12

. 

4.- The cost of generation of new non-RET plants (including gas- and coal-fired plants) are increasing, 

and might exceed the costs of generation of new RET plants in the near future in the regions in the 

scope of this report. Several factors contribute to this trend: 

¶ Lower utilization of thermal plants. The average utilization of thermal plants in some countries 

has decreased in comparison with the utilization levels they reached in the past
13

.  The market 

situation, and the competence with RET, which in some cases benefits from priority feed-in or 

from other incentives, are the main contributors to this outcome. In other words, policies that 

support RET plants have contributed to reduce the competitiveness of non-RET plants
14

.  

¶ Higher capital costs of some new thermal plants. Factors that contribute to increase the costs 

of capital of some new plants include: emission reduction systems, delays in construction and 

higher financing rates, driven in part by uncertainty about the future market and policy 

situations of some technologies (coal and nuclear). 

¶ Increasing costs of fuel have been observed in some European countries and Japan
15

. However, 

fuel costs may significantly vary during the 40-70 years of the life of a thermal plant, changing 

the relative competitiveness of gas- and coal-fired generation vis-à-vis other technologies. 

¶ Emission compensation schemes may also be relevant. But their impact is somewhat reduced 

at the present. The simulations conducted in the framework of this study consider emissions 

costs in the range of 0-10 US$/MWh. But in 2013 the average costs of emissions costs have 

dropped to circa 5 US$/MWh. The future competitiveness of thermal generation is going to be 

positively, or negatively influenced by the shape and provisions of future policies for control of 

emissions.  

 5.- The costs of both new RET and new non-RET generation are in general higher than the market 

prices of electricity in the regions in the scope of this study
16

. As a consequence, new generation plants 

require some kind of support to interest investors. In the case of new RET plants, the main form of 

support consist of visible and direct policy driven incentives. In the case of non-RET plants, support is 

                                                                 
12

 Comparisons were made between the results from the database obtained in the framework of RE-COST (new 
plants) and data from publications (old plants). Breakthrough solar PV plants refer to plants with significant cost 
reductions observed during 2012 and expected in 2013. 
13

 Average utilization in 2011 was 22% for CCGT plants in Spain, and 19% for coal-fired plants in France: well below 
the utilization level of up to 70-80% registered in the past 
14

 It can be contended that, in general, the incentives given to a generation technology or plant decrease the 
relative competitiveness of any other competing technology or plant. Incentives to non-RET plants (for instance to 
gas and coal generation) may have also delayed the onset of RET generation. 
15 

One exception to the previous observation is gas-fired generation in regions such as Alberta which benefits from 
prices of gas significantly lower than those of France, Germany, Spain and Japan. As a result, gas-fired plants 
operating in this region may display an LCOE of 15ς25 US$/MWh lower than similar plants operating in regions 
where the prices of gas are at the levels defined by international markets.

 

16 
Market prices refer to the average compensations for the sale of electricity generated by these plants; including a 

range of prices determined by spot prices, OTC contracts, prices of electricity attributes, etc. Section 2.6.2 of the 
main report discusses the formation of electricity prices, and section 8.3 how prices have been assessed in this 
study.  
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also awarded, albeit in more indirect ways (providing CO2 credits, supporting the coal industry, 

stimulating investment in gas infrastructure and exploration, etc.). Nowadays, new RET and non-RET 

plants find it difficult to compete in regions where the market prices of electricity remain low, driven in 

part by excess capacity, and also by an installed base that includes depreciated plants, or plants 

surpassing their economic lifetimes
17

. 

¶ On-shore wind. The LCOEs
18

 of plants operating at or above relatively high capacity factors 

(25%) are approaching the market prices of electricity. For instance, some plants in France with 

costs ranging at ~75ς80 US$/MWh, or in Germany with costs at ~70ς80 US$/MWh are 

approaching the reference prices of electricity in these countries (64ς75 US$/MWh in France, 

and 66ς92 US$/MWh in Germany)
19

.  

¶ Off-shore wind plants display significantly higher costs than those of on-shore wind plants, 

largely due to the challenges associated to building and operating off-shore and to the 

deployment of new technologies. Ranges of costs of off-shore wind generation are: 155-325 

US$/MWh in Japan, 145-210 US$/MWh in France, 155-375 US$/MWh in Germany, and 135-255 

US$/MWh in Norway/Sweden. 

¶ Large solar PV plants. Even the most technologically advanced farms still display generation 

costs significantly higher than the electricity market. Examples include Ontario, with 310-600
20

 

US$/MWh and France
21

, with 180-300 US$/MWh. However, the situation is quickly changing. 

Some large solar PV plants included in the database ς defined as breakthrough plants ς display 

LCOEs in the range of 120 US$/MWh. These lower costs of generation are likely to become 

commonplace in the short and mid-terms 

¶ At the present, most new gas-fired and coal-fired plants are also likely to display costs of 

generation higher than the market prices of electricity. Simulations result in LCOE ranges of 

45-120 US$/MWh for gas-fired plants and 50-120 US$/MWh for coal-fired plants, higher than 

the reference compensation for generation (30-90 US$/MWh) in the countries in scope of RE-

COST.  

6. - The business case (BC) of electricity generation is highly dependent of the prevailing market and 

policy conditions. Therefore, plants with the same technology and similar operating conditions may 

have different business cases in different regions and countries. Figure 3 summarizes the results of 

simulations of the business cases of new plants across all the technologies in scope
22

.  

                                                                 
17

 This statement refers only to new plants operating in 2011-2012 conditions. The gap between costs of RET 
generation and the market prices of electricity is significantly higher in countries/regions with generation based on 
intrinsically less expensive and largely depreciated plants. Examples include France (with 78% share of nuclear 
generation), Nordic Region (with 50% of hydro and 12% of nuclear generation), and Quebec (with 96% of hydro 
generation).  
18

 LCOE: Levelized Cost of Electricity. LCOE ranges shown are the results of simulations with the RE-COST Model. 
19

 Note that compensation for electricity includes a diverse set of prices paid for electricity: not only the spot price, 
but also the prices paid in bilateral contracts (OTC), and the compensation for services such as balancing, availability 
and others. 
20

 These cost ranges do not reflect the costs of upcoming breakthrough plants observed in other countries in scope. 
It was not possible to acquire detailed information of solar PV plants in Ontario incorporating the latest cheapest 
modules. 
21

 The data on the new solar PV auctions has not been included in this report. They were announced after the 
database of plants was compiled 
22

 The table reflects the results of the business cases of new plants and projects with commissioning dates ~ 2010-
2013, the electricity sector situation in 2011-2012, and the incentive levels prevalent in the countries in the scope of 
the RE-COST study at the end of 2012. Changes in incentives and support policies may significantly affect the results 
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Figure 3. Region technology pairs ς Business case simulations 
23

 

These simulations show that without policy support such as, incentives affecting revenues or costs, 

power purchases by the administration, schemes to reward generation attributes, etc., the business 

case of new plants is challenging. In the current market conditions investors have difficulties defining 

profit making projects based on RET and non-RET generation.   

There are exceptions to this general rule. Gas-fired plants in Alberta, where low prices of gas 

significantly reduce the ultimate costs of generation, may provide positive margins to investors.  At the 

current low prices of emissions, large coal fired plants in Germany using relatively low priced coal, also 

have positive business cases. New thermal plants in Japan could also provide sufficient revenues to 

realize positive margins. The rest of the region/technology pairs require appropriately defined policy 

support to interest investors.  

Optimization of policies ς Lessons learned. The analysis of the behavior of the region/technology pairs 

included in the scope of RE-COST has highlighted a number of features that contribute to increase the 

effectiveness of policies geared to developing new RET generation. 

A. ς Policies for electricity generation must be comprehensive. Policy makers should assess the 

potential impact of any new policy over the full generation mix of the zone, including RET and non-RET 

generation, new and existing plants, the transmission infrastructure, and the electricity markets.  

With increasingly high levels of RET generation, policies that do not consider indirect impacts are likely 

to cause unintended, and potentially damaging consequences in parts or in the totality of the electricity 

sector. Examples of aspects that need to be considered by most policies include dimensioning the grid to 

                                                                                                                                                                                            

of the business case of a plant Ą represented as two signs in some region/technology pairs.  Business case is 
profitability (revenue-cost), including costs of connection to the grid and strengthening the grid, and excluding 
transmission costs. Incentives and support have also been included when they could be identified (not hidden). 
23
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enable connection of larger scale deployment of non dispatchable RET; defining provisions to prevent 

that system relevant plants are de-commissioned; and ensuring a good balance of dispatchable and non-

dispatchable generation. 

B.- It is necessary to maintain the incentives that have proven to be effective to develop RET, in so far 

there is not a level playing field between RET and non-RET generation. Examples of policies that appear 

to provide interesting business cases to investors include: the FITs for on-shore wind in Germany, the 

offsets scheme in Alberta, the auctions of on-shore wind in Quebec and of off-shore wind in France, the 

green certificates system for on-shore wind and hydro in Norway and Sweden, and the FIT for solar PV 

and wind in Japan. To support the deployment of RET, it is of particular relevance to maintain priority 

feed-in in the regions where it exists, such as Spain, France, and Germany.  

When incentives do not exist, or when are not appropriately defined, the business case of new 

generation does not hold. Examples include off-shore wind in Germany, Norway, and Sweden, where 

the current incentive systems are not fully adapted to the specific cost and technical requirements of 

this technology. Another example is Spain, where the latest moratorium in incentives to RET has 

negatively affected the business case of new RET plants; and where excess supply, and competition with 

RET damage the business case of non-RET generation. 

C.- Policies must be adapted to the business case of generation. This could be accomplished by using 

different mechanisms:  

¶ Policies that do not raise the interest of investors should be changed, to better adjust them to 

the technology and market situation where they operate. One example is the auctions for off-

shore wind and solar PV in France, which have become the main incentive system for these 

technologies when the previously defined FIT schemes did not sufficiently entice investors. 

¶ Policies have to keep pace with the relatively fast evolution of costs and operating conditions 

of new RET; either by incorporating provisions that enable their gradual adjustment, or by 

being revised over time.  

ï Examples of policies that incorporate provisions to adjust incentives include: auctions 

of on-shore wind in Quebec, which adjust the level of payments over several years; the 

German incentive system for wind and solar PV generation, which features a 

degression scheme for the FIT payments over time; and the FIT for large solar PV in 

Japan, that has been recently reduced to better approximate the evolving costs of this 

technology.  

ï Some policies could be further fine-tuned to increase the interest of investors. 

Examples include the green certificates system of Norway and Sweden and the 

provisions associated to the FIT in Germany for off-shore wind
24

. Under consideration 

could also be the FIT for on-shore and off-shore wind in Japan, where currently no 

difference is made between the two technologies.  

¶ RET could also be fostered by strengthening the policies to reduce emissions: These measures 

should be consistent and rigorous for all polluters, include minimal exceptions, and reflect the 

true social costs of emissions. 

                                                                 
24

 Some of the provisions of the FIT system in Germany as defined at the end of 2012 result in tight business cases 
for most on-shore wind and large PV plants. However, the direct marketing scheme appears to provide enough 
revenue to investors, thus enabling the continuous addition of new RET plants in this country 
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¶ Of particular importance is to reduce the length and complexity of the authorization processes 

for new generation ς both renewable and non-renewable. Difficult as this may be, given all the 

constituencies involved, any successful measure in this aspect is likely to increase the interest 

of investors and developers.  

Improving the quality and accuracy of the information used by policy makers is critical to ensure 

optimal adaptation of policies: Databases that mix data from different regions, or that include a 

significant proportion of older plants do not provide an accurate picture of the costs of different 

generation technologies today. Using current, region specific data is essential to maximize the 

effectiveness of regional, national, and supra-national policies. 

D. - Introduce incentives that are clearly visible. Optimizing policies and attaining the support of the 

public and of key stakeholders (investors, supply chain, consumers, and taxpayers) requires that the 

provisions and implications of each incentive are clearly visible. Increasing the depth and the quality of 

the information available is likely to contribute to a better understanding of the impact of policies and 

may result in higher levels of public support to well-crafted policies. 

A number of mechanisms can contribute to increase the overall transparency of existing and future 

support measures: 

¶ Giving priority to incentives that are easier to track. Incentives, such as green certificates, 

and offsets provide support that, to a certain extent, benefits from the features of a market 

based approach, such as visibility, self-adjustment and alignment of demand and supply. FITs, 

power auctions, and other incentives, whose compensation levels are defined by policy 

makers, also provide a significant amount of information about their objectives, the size of 

funds provided, and the conditions that recipients must fulfill to receive them. In contrast, 

compensation schemes based on tax provisions or on direct grants to specific plants are 

somewhat opaque. Assessing the size of the funds provided, as well as the actual impact of 

these incentives is a challenge, even for experts. 

¶ Clearly assessing, and communicating the impact of all incentives. An example of this feature 

is the inclusion in the power bill of an analysis of the impact of RET incentives in the final price 

of electricity. But it would be recommendable to also report the cumulative cost of support 

policies for all generation technologies, including RET and non-RET. 

¶ Improving over time the quality of information available to the public: Policies and 

provisions should be supported by clear, accurate, and consistent information and background 

analysis that enables stakeholders and the public to understand them. 

Defining optimal policies for the electricity sector is not straightforward. Balancing the needs and 

objectives of the many actors that operate in a complex sector requires careful consideration, based on 

up-to-date and accurate information. RE-COST aims to contribute to the efforts of policy makers, 

providing insights that can be built in the definition of norms and policies. 
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2. DECISION MAKING PROCESSES FOR POWER GENERATION INVESTMENTS 

Defining successful policies to increase the penetration of RET requires a deep understanding of the factors that 

influence the decision to invest in generation projects. In principle, investors approach investments in energy 

generation in the same manner as they approach any other investment: They assess the returns that will be 

obtained in comparison with the required investment. These returns have to be commensurate with the level of 

risk of the project. The combination ƻŦ Ǌƛǎƪǎ ŀƴŘ ǊŜǘǳǊƴǎ ƛǎ ŘŜŦƛƴŜŘ ŀǎ άǘƘŜ ōǳǎƛƴŜǎǎ ŎŀǎŜέ ƻŦ ŀ Ǉƭŀƴǘ ƻǊ project. 

But different types of investors seek different types of returns, and different levers affect the business case of a 

generation project in a very diverse way. General assessments are not particularly useful to define well adapted 

support policies. It is necessary to descend to the details. This section evaluates the most relevant factors in the 

decision making process of investors and discusses how they may be affected by different drivers, including 

technology advances, the market situation, and support policies and incentives.  A tool ς the RE-COST model ς has 

been used to simulate and assess the impact of these different factors. The focus, conventions, and reference 

values used by the RE-COST model have been summarized in the blue boxes at the end of each sub-section, to 

allow a better understanding of the hypotheses made, and the inputs used.  

2.1 Actors and sources of capital in power generation 

Figure 4 provides an example of the different types of actors in the value chain of electricity generation. The term 

άinvestorέ is used in most studies to refer to ǘƘŜ ŀŎǘƻǊǎ ƳŀǊƪŜŘ ǿƛǘƘ ŀƴ ά·έ in the table only. However, this report 

takes a more extensive view, ŘŜǎŎǊƛōƛƴƎ ŀǎ ƛƴǾŜǎǘƻǊΥ άany private or public participant in the supply chain of a 

generation project that uses funds to obtain quantitative or qualitative returnsέΦ 

 

ACTOR DESCRIPTION 

Equipment 
manufacturers 

¶ Engineering companies. 

¶ Suppliers of equipment and services (turbines, solar panels, blade logistics). 

¶ Plant developers and construction companies. 

X 

Generation 
companies 

¶ Private and public producers of electricity, including a wide array of entities. For instance: 
ï Large, consolidated utilities with dozens of generation units, and multi-national focus. 
ï Small producers with a few generation units and specialized in one technology. 

X 

Transmission and 
distribution 

¶ TSOs or Transmission System Operators are public or private companies that own and 
operate the transmission infrastructure that transports electricity from the production 
site, to the consumer through national, regional and local networks (the grids).  

¶ DOS or distribution companies that maintain the electric network and/or are billing 
agents in the areas where they operate

25
. 

 

Wholesale/traders ¶ Companies that trade buy and sell electricity. Participants in the electricity markets.  

Retailers ¶ Secure the supply of electricity to their customers.  

Regulators ¶ Include policy makers, government advisors, legal supervisors and other entities that 
define and enforce the rules governing the electricity sector in a given location 

 

Market operator ¶ Institutions that own and/or operate the markets and exchanges where electricity, and 
electricity related products (e.g. futures, green certificates, other) are traded. 

 

Capital providers ¶ Include private and public institutions that provide the capital required to design, build, 
operate and decommission a power plant 

X 

Figure 4. Examples of investors and other actors in the value chain of electricity generation 
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 Source: Canada centre for Energy - www.centreforenergy.com/AboutEnergy/Electricity/Distribution/Overview.asp?page=8 

http://www.centreforenergy.com/AboutEnergy/Electricity/Distribution/Overview.asp?page=8
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Figure 5 shows an example of key actors in the value chain of the power supply in Germany. 

 

Figure 5. Germany ς Examples of actors in the value chain of electricity generation 

Some investors are public and other private; but both types of investors take a portfolio approach to the 

evaluation of investments, basing their decisions on a combination of qualitative and quantitative factors:  

¶ Private investors may include in their decisions a number of factors beyond the business case of a project. 

For instance, utilities assess the impact of each new plant in their existing generation basis (portfolio 

effect); the possibility of storing intermittent generation of a variable plant in other (dispatchable) plants; 

how to offset the taxes assessed to one project with the tax allowances generated by another project; 

how a project may increase their experience with a new technology, etc. Whenever possible, private 

investors attempt to quantify these additional factors, even when some of them may be to a large extent 

qualitative.  

¶ Public investors may include in their decisions parameters not necessarily focused on a strict analysis of 

return and risks. Examples of high priority factors for public investors include: ensuring the security of 

supply of energy, fostering the national development of new technologies, creating jobs, controlling 

emissions, lowering electricity prices to inhabitants of the country, etc.   

The main focus of this report is the quantitative aspects of an investment. However, other factors have also been 

taken into consideration to provide a balanced view of the decision making processes of different types of 

investors. 
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2.2 Key elements in investment evaluation 

The design, construction, operation, and decommissioning of a power plant are governed by a number of contracts 

established between different parties. Figure 6 shows an example of the contracting structure of a wind power 

project.  

 

Figure 6. Example ς Structure of an operational wind power project
26

 

The returns and risks of each of these transactions will be influenced by a large number of factors. These factors 

are not the same for the various actors, participants and influencers of the project, who have different points of 

view, requirements, needs and approaches to evaluating power generation projects. However, most investors, if 

not all, consider five elements in their decision making processes: 

¶ Cost of the project: Technical, market, financial and other considerations affect the cost of a generation 

project. Investors carefully consider the current and potential future costs associated to an investment. 

Sections 2.5 and 5 extensively describe the sources of costs of different generation technologies, as well 

as the processes used by investors to evaluate these costs, and to minimize them to the extent possible.  

¶ Revenue of the project: Investors also devote significant effort to forecast, and influence in some cases, 

the revenues associated to a project. It is convenient to separate the discussion of costs from that of 

revenues, because the mechanisms used by investors to calculate them are quite different, and because 

the confidence levels of the calculations of costs and revenues may be very dissimilar too. Section 2.6 

describes some of the most important sources of revenue of a generation plant, and how they have been 

incorporated into the RE-COST model. 

¶ Sources of financing: Different sources of financing may be used in electricity generation. This study puts 

particular emphasis in the typical sources of financing used in the countries and technologies in the scope. 

Sources of financing include (1) loans from financial institutions, (2) capital from private and public 
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 Source: Private financing of renewable energy ς a guide for policy makers ς UNEP (2009), Prysma analysis 
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sources, and (3) other direct or indirect ways to raise capital, such as guarantees, bridge loans, grants, etc. 

Different sources of financing are described in Section 2.3. 

¶ Project risk: Investors, financial institutions, and other participants in a generation project have different 

expectations with respect to risk and reward. These expectations influence the viability and economics of 

the project under consideration. Some projects may be financed only by investors that expect relatively 

low returns coupled with low risks (for instance, insurance companies financing solar PV projects). Other 

projects require the participation of investors with appetite for large risks and returns (R&D projects 

related to new technologies). Section 2.4 provides additional details on the sources of risk of investments 

in generation and their potential quantitative impact in the business case of a given plant. 

¶ Incentives and policies: Policies and regulations are also factored in the decision making process of actors 

and investors. In fact, in some cases they are the primary factors considered to evaluate an investment 

proposal. Which is the tariff level? is one of the first questions asked by investors when evaluating their 

potential participation in RET projects. Policies influence each element of the business case of a 

generation plant, providing policy makers with a large array of tools to influence the decision making 

processes of investors. Policies and regulations (country specific) are extensively described in Section 6. 

2.3 Sources of financing  

Different types of investors use different sources of capital and financing instruments to acquire capital. The graph 

below shows examples of typical mechanisms used in different stages of the life cycle of a generation technology. 

 

 Figure 7. Examples ς private and public mechanisms to mobilize investments in electricity generation
27

 

 

Some of the most relevant sources of funds include: 
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 Source: UNEP ς Public finance mechanisms to mobilize investment in climate change mitigation, Prysma analysis 
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¶ Financing institutions that provide loans to investors
28

: 

ï Commercial banks finance companies and projects through a variety of instruments. These 

instruments include corporate lending, project finance, mezzanine finance, and project refinancing. 

ï Public banks and funds provide loans to projects and companies, using public funds. 

¶ Commercial equity investors consist of a variety of companies that take stakes in different types of 

projects with different associated risks: 

ï Venture capital (VCs) funds and angel investors raise capital from a variety of sources. VCs usually 

have a higher risk appetite than other investors. They are a good source of capital for riskier projects 

or technologies, but demand very high rates of return to compensate for the higher risks they take 

(25-300% IRR). 

ï Private equity funds raise capital from different sources, and have a medium level of appetite for 

risk. They require lower IRRs than venture capital funds (25-50% IRR). 

ï Pension funds tend to invest in projects with lower levels of risk, and which generate steady cash 

streams to cover for the obligations they assume with the pension fund holders (10-20% IRR). 

ï Insurance companies are highly regulated. They are required by law to invest their capital in projects 

and companies with relatively low levels of risk. As a consequence, they may accept relatively low 

levels of returns (3-7% IRR). 

ï Other funds: investment funds, infrastructure funds, etc. 

¶ Public sources of capital. Capital may also be directly obtained from public sources in the form of grants 

or other mechanisms. Examples of public sources of finance include:  

ï Project development grants: loans without interest or repayment until projects are financially 

viable. In some cases, non-viable projects may not be required to return the funds they receive (non-

refundable grants). 

ï Loan softening programs are grants to help commercial banks and other providers of capital that 

allow them to lend their own capital to end-users in better terms (lower rates) than the prevailing in 

the market (commercial rates). 

ï Inducement prizes and other grants: capital provided to stimulate technology development. 

ï Others. 

Projects based on proven and mature or maturing technologies that operate in developed countries tend to use as 

main sources of financing the mechanisms included in the box with a dotted border in Figure 7. The financing 

packages are provided by a combination of commercial lending institutions, commercial investors with different 

appetite for risk, public institutions, etc.  

2.4 Assessment of risks 

The perceived level of risk of a generation plant or project is a critical factor in the decision making process of 

investors and policy makers. A large number of interrelated factors influence and determine risk. The table below 

describes the typical risks that are included in the assessment of the business case of electricity generation.  

Technical and project risks are extensively described in other RETD reports
29

. 

 

                                                                 
28

 Source: Private financing of renewable energy ς a guide for policy makers ς UNEP (2009), Prysma analysis 
29

 Source: Risk Quantification and Risk Management in Renewable Energy Projects (2011) ς Available at http://iea -retd.org/wp-
content/uploads/2011/11/RISK-IEA-RETD-2011-6.pdf (as of 05/2013) 

http://iea-retd.org/wp-content/uploads/2011/11/RISK-IEA-RETD-2011-6.pdf
http://iea-retd.org/wp-content/uploads/2011/11/RISK-IEA-RETD-2011-6.pdf
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RISK TYPE DESCRIPTION EXAMPLES - COMMENTS 

Country  Country risk Includes characteristics of the country 
in which the plant operates, such as 
stability, capital flows, strength of the 
legal system, etc.  

All the countries included in the analysis 
have low levels of country risk, but the 
impact of the financial crisis in Spain results 
in a higher perception of country risk to 
some investors. 

Political For a given country, different political 
regimes may pose different levels of 
risk ς especially if changes in 
government may result in different 
policies. 

For instance, France and Japan currently are 
in a process to revise their energy policies 
now. Governments of different sign may be 
more or less prone to stimulate a given 
generation technology. 

Policy and 
regulatory 

Clarity Extent to which different aspects that 
may influence the case of generation 
are regulated in a clear and 
unambiguous way. 

All the countries in scope have clear policies. 
But in some developing countries with less 
experience in electricity legislation and with 
fewer precedents it may not be clear how a 
norm has to be interpreted. 

Number of 
regulations 

Regulations and rules that can add 
additional compliance burden to 
investors. 

Excessive and lengthy permission processes, 
with many requirements and many 
institutions involved, increase the chances 
that a project will not even be started (solar 
PV and off-shore wind).  

Stability Stable or predictable regulations reduce 
the level of risk of investors because 
they can adapt to them.  

Excessive and frequent changes to 
applicable policies or retroactive policies 
significantly increase the uncertainty 
associated to the future returns of an 
existing or projected plant, thus resulting in 
a higher risk to investors. (Spain) 

Environmental 
and social 

Policy impact of environmental and 
social factors that may affect the 
generation project.  

All the countries in scope of this study have 
national environmental and social policies. 
In addition, local and regional governments 
define specific provisions that affect the 
business case of a generation project. For 
instance, local content requirements to 
maximize job creation in a province affect 
the returns of the local generation plants 
(Quebec, RFPs in EU countries, etc.) 

Financial Economic Inflation and others The countries in scope do not have high 
inflation levels, but given the global nature 
of the supply chain, uncertainty over 
inflation in China may increase the risk of a 
solar PV project in Europe. 

Financial  Prevailing interest rates, asset liquidity, 
etc. 

Financing rates in a given country or region . 

Currency Occurs when the components of costs 
and revenues are in different 
currencies. Fluctuations in currency 
values may affect the outcome of the 
project. 

The model is able to compute the impact of 
currency fluctuations. But most of the 
examples provided do not consider them. It 
is implicitly assumed that currency 
variations are hedged in an appropriate 
way

30
. 
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 Currency assessments are conducted in any generation project. The electricity generated by the plant is sold in local currency 
and the lender or investor may have to be compensated in another currency. Evaluating currency risk in detail is outside the 
scope of this report.  
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RISK TYPE DESCRIPTION EXAMPLES - COMMENTS 

Security Assurances provided to lenders and 
capital providers that they may take 
possession of the assets if there is a 
default and continue operating the 
plant. 

This is not a significant issue for the 
countries included in the study. Their legal 
frameworks provide high levels of assurance 
to investors. However, foreign investors in a 
region may assess higher risk to a project 
than local participants to account for the 
difficulties of operating in legal framework 
different from their own.  

Technical and 
project risk 

Technology Risks associated to the technology used 
in the project, its level of maturity, 
operating history, data availability, etc. 

Technical and project risks include a large 
number of factors. This section evaluates 
the sources of technical and project risks, as 
well as the impact of regulations and 
policies of these types of risks. 

Construction Risks involved in the construction of the 
plant, performance of contractors and 
supply chain, timing of build, etc. 

Operation Staffing and costs requirements, 
existence of suppliers to provide 
support for operation, prevailing 
contracts and rates during operation. 

Decommissioning Applicable regulations, , existing supply 
chain and experience in the 
decommissioning of plants. 

Market risk Global Trends in economy influence demand 
of electricity, and therefore the sales 
volumes of the generation project. 

The financial crisis is contributing to a 
reduction of power demand in many of the 
regions in the scope of this study. This 
increases the risk of current and future 
generation projects and makes more 
uncertain the forecast revenues. 

Future prices Provisions by specialist and existing 
markets as of the prices of factors costs 
(steel, PV modules, coal, gas), electricity 
prices, emission prices, etc. 

The potential variations and the level of 
uncertainty associated to factor costs result 
in higher capital and operating costs of a 
project. They also affect the levels and 
uncertainty of revenues from electricity and 
of revenues from other sources. 

Figure 8. Typical risks included in the assessment of the business case of electricity generation  

2.5 Cost of electricity generation ς Evaluation and comparisons 

Investors assess potentially relevant cost drivers, and carefully evaluate them to quantify costs, identify when 

these costs will be recognized, and forecast when cash outlays will be necessary.  

The confidence levels of these assessments may be very different. In some cases, investors precisely know the size 

and timing of some costs. For instance, when purchasing a power plant already built, the one-time costs associated 

to the acquisition are to a high extent determined. However, even in turn-key acquisitions, some costs are not 

accurately known, either because they will take place in the future, or because of other reasons. Investors build 

cost models that reflect the actual behavior of the costs of a generation project with a higher or a lower degree of 

accuracy, and make decisions based on the combination of [ǾŀƭǳŜ ҭ uncertainty]. 

Key elements that have been used to define the evolution models used in this study include:  

¶ Use of LCOE as a relevant, although not the only one tool, to compare costs of generation. 

¶ Simplification of the analysis of the impact of exchange rates. 

¶ Application of a lifecycle approach to categorize and compute the components of cost of generation.  
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Levelized Cost of Electricity ς (LCOE):  LCOE corresponds to the cost of a generation project assuming the certainty 

of production costs and the stability of electricity prices. The formula used to calculate and levelize the cost of 

energy is the following: 

 

ὒὅὕὉὉὰὩὧ
В Ὅ ὕǪὓ ὊόὩὰὅ Ὀ ᶻρ ὶ

В ὉὰὩὧzρ ὶ
 

 

ὉὰὩὧ 4ÈÅ ÃÏÎÓÔÁÎÔ ÐÒÉÃÅ ÏÆ ÅÌÅÃÔÒÉÃÉÔÙ 

ρ ὶ 4ÈÅ ÄÉÓÃÏÕÎÔ ÆÁÃÔÏÒ ÆÏÒ ÙÅÁÒ Ô 

Ὅ )ÎÖÅÓÔÍÅÎÔ ÃÏÓÔÓ ÉÎ ÙÅÁÒ Ô 

ὕǪὓ  /ÐÅÒÁÔÉÏÎÓ ÁÎÄ -ÁÉÎÔÅÎÁÎÃÅ ÃÏÓÔÓ ÉÎ ÙÅÁÒ Ô 

ὊόὩὰ&ÕÅÌ ÃÏÓÔÓ ÉÎ ÙÅÁÒ Ô 

ὅ #ÁÒÂÏÎ ÃÏÓÔÓ ÉÎ ÙÅÁÒ Ô 

Ὀ $ÅÃÏÍÍÉÓÓÉÏÎÉÎÇ ÃÏÓÔÓ ÉÎ ÙÅÁÒ ὸ 

ὉὰὩὧ%ÌÅÃÔÒÉÃÉÔÙ ÐÒÏÄÕÃÅÄ ÉÎ ÙÅÁÒ ὸ 

Figure 9. LCOE formula
31

 

LCOE may have some drawbacks when it is used to evaluate the business case of generation:  

¶ It includes too many variables. This may make it difficult to trace cause and effect.  

¶ It is just a partial figure; it does not reflect total costs, but a ratio.  

¶ Many investors do not consider the levelized cost of electricity as an essential parameter to make 

decisions. They use equivalent indicators, or the same parameter with different names: unit cost, cost per 

MWh, etc.   

However, LCOE also has significant advantages:  

¶ It allows comparisons of costs across plants with different technologies, sizes and characteristics. Using 

LCOE makes it possible to compare the capital costs of a 2 MW solar PV plant with the capital costs of a 

600 MW coal-fired plant (at least quantitatively). 

¶ It is used by many policy reports in the electricity sector.  

LCOE has been extensively used in this report. But to provide a more accurate picture of the decision making 

processes of investors, it has been complemented by other parameters also frequently used in assessments of 

power generation projects (P&L, IRR, NPV, margins, etc.). 

Currency exchange assessment and impact: Most investors in power generation operate in more than one 

currency and need to consider exchange rates as a key factor that significantly influences the costs and the 

revenues of a plant or project. The level and potential evolution of exchange rates may be a determinant factor in 

whether the business case will be positive or negative. Usually investors use models which include scenarios of 

currency evolution, and in some cases hedging analysis. 
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Source: IEA-NEA. Projected costs of generating electricity ς 2010 Edition 
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RE-COST approach to modeling exchange rates: This report does not include extensive assessments of the impact of exchange 

rates. Such analyses are outside the scope of this study, and may be better covered by a report on international finance or risk 

analysis. However, a number of analyses of the impact of exchange rate variations have been performed revealing that the 

impact of variations in exchange rates over cost and revenues is well within the rate of error associated with the model (lower 

than 5%).  

In order to allow comparisons between countries, local currencies have been converted to US dollars using the conversions 

rates depicted in the following table. 

9¦ ϵϝ NOK SEK ¥ CA $ US $ 

1.30 5.68 6.65 81.21 0.99 1 

Figure 10. RE-COST model ς US Dollars  per currency unit 
32 

Lifecycle approach to cost calculation: This report follows a lifecycle approach to identify and evaluate the costs of 

a generation project, as depicted in the diagram shown in Figure 11. This presents two main advantages.  

¶ It enables a better understanding of the mechanisms that influence costs, associating cost drivers with 

resulting costs as they materialize during the lifetime of the plant. 

¶ It approximates how investors think about a project, even when in some cases they do it implicitly, not 

explicitly.  

 

Figure 11. Life-cycle approach to calculate costs of a generation project
33

 

                                                                 

32
 Source: Board of Governors of the Federal Reserve System ς Average Fourth Quarter 2012 (October to December). 

ϝ¦{Ϸκϵ ŀǎ ƛƴŘƛŎŀǘŜŘ ƛƴ ǘƘŜ source. Please note that throughout this report the same exchange rate has been used to enable 
comparisons between variables quoted in different currencies. This allows the reader to easily transform US$ into other 
currencies, but introduces an error due to variations over time of exchange rates.. 
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2.5.1 R&D costs 

Most investors do not include R&D in the costs of a specific plant for a number of reasons: 

¶ When dealing with mature technologies, such as wind, solar PV, and thermal generation, the original R&D 

costs may have been incurred many years prior to the cost assessment. It may not be possible to trace the 

impact of ancient R&D expenditures to costs of present projects. 

¶ The impact of expenditures and investments in R&D may be embedded in the costs of the components 

and systems of a plant, and may not be specifically identified. Therefore, including costs of innovation, 

research, and development in the operating costs of a given plant may result in misleading results.   

This does not mean that investors disregard the impact of R&D costs and grants. Very likely the technologies 

included in the study would not be in operation if they had not counted with R&D, or with other development 

grants at some point in the past. An example is operating off-shore wind plants in Japan and Norway/Sweden
34

. 

They have received development grants that have enabled them to be commissioned and to operate today.  

RE-COST approach to modeling R&D costs: The model allows to add the impact of R&D costs or grants to a given generation 

project, if they are known.  But R&D costs are considered by the study and by the supporting calculation model only when they 

may result in a grant or in other type of direct support awarded to a specific generation plant or project.   

2.5.2 Capital costs 

Capital costs are fixed, one-time expenses incurred in the purchase of land, buildings, construction, and 

equipments used in the production of electricity. Put simply, they include all the costs necessary to bring a plant to 

operation. Also included in the definition of capital costs are the expenditures associated to repowering. The 

recognition of capital costs in financial and tax returns (depreciation) may be spread out over many years.  

 

Figure 12. LCOE breakdown per technology ς Capital costs vs. rest of costs (%, US$/MWh) ς Example Germany
35

 

                                                                                                                                                                                                               

33
 Source: Prysma analysis 

34
 The [ƛƭƭƎǊǳƴŘ hŦŦǎƘƻǊŜ ²ƛƴŘ CŀǊƳ ό{ǿŜŘŜƴύ ǊŜŎŜƛǾŜŘ ŀƴ ƛƴǾŜǎǘƳŜƴǘ ǎǳǇǇƻǊǘ ƻŦ ǊƻǳƎƘƭȅ нл aϵΦ {ƻǳǊŎŜΥ hŦŦǎƘƻǊŜ ǿƛƴŘ ǇƻǿŜǊ 

policy and planning in Sweden ς Elsevier. 

Japan, through its Ministries MOE and METI is developing some demonstration projects (1) Chosi, Chiba / Kita-kyusyu, Fukuoka 
(2012), (2) Goto islands, Nagasaki (2013) and (3) Fukushima (2013-2015). Source: Brief overview of Japanese offshore wind 
projects and initiatives ς Ministry of the Environment Government of Japan. 
35

 Country specific discount rate, equity 60% and debt 40%, technical average case  
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Servicing capital costs is one of the most important factors determining the economic competitiveness of a power 

plant because of the comparatively large size of capital costs vis-à-vis other costs. Figure 12 displays an example 

that shows the proportion that capital costs represent over total costs of generation
36

. The most capital intensive 

technology is solar PV, due to high costs per MW, and relatively low generation efficiency. When costs are 

annualized or levelized, the true impact of solar PV capital costs is made evident. 

Given the significant impact that capital costs have in any generation project, it is essential that policy makers 

attain a very detailed understanding of their components and behavior. In order to better assess capital costs, they 

have been grouped in three types of costs: 

¶ Base plant costs or EPC costs (Engineering, Procurement and Construction costs). 

¶ hǿƴŜǊΩǎ ŎƻǎǘǎΦ 

¶ Interest during construction (capitalized interest).  

The sum of base plant or EPC Ŏƻǎǘǎ Ҍ ƻǿƴŜǊΩǎ costs is called overnight costs in many of the reports that evaluate 

costs of power generation.  

EPC Costs include the costs of materials and labor necessary to design, plan, and build a generation plant. The 

proportion of labor and materials significantly varies by technology, as indicated in Figure 13. 

 
Figure 13. Capital costs ς Weighting of factor costs by technology (%) ς Example

37
 

In spite of the globalization of the supply chain of plant construction, regional characteristics and applicable 

policies in a country or region may significantly influence EPC costs. Examples of factors that influence EPC costs in 

the regions considered by this study include: 

¶ Cost of labor: Different countries have different average unit labor costs. Figure 14 depicts a comparison 

of labor costs in the countries in the scope. Other drivers also affect the ultimate cost of labor included in 

the capital costs of a generation plant. For instance, interviews have highlighted that unionization in 

Quebec results in more numerous, and expensive crews on construction sites for the same type of wind 

generator than in Alberta and Ontario, thus increasing the capital costs of RET plants.  

¶ Building codes: Building codes also affect the processes, materials and construction standards of a plant. 

For instance, one of the factors that influence the capital costs of Japanese plants is the stringent building 

codes that apply in this country. 
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 Figures obtained from simulations with the RE-COST model 
37

 Source: Review of inputs to cost modeling of the NEM ς Queensland Competition Authority 
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  Canada France Germany Norway Sweden Spain Japan 

Hourly Compensation 
Costs in manufacturing 

(2010)
38

 in US$ 
35.67 40.55 43.76 57.33 43.81 26.6 31.99 

Unit Labor Costs 
ratio (2008)

39
 

0.475 0.720 0.710 0.319 0.604 0.668 0.493 

Figure 14. Examples ς Labor costs by geography 

Investors factor these elements in their calculations of EPC costs. They also assess the risk associated to having 

different cost components quoted in different exchange rates; and in many occasions hedge against exchange rate 

variations in order to stabilize the value of a factor cost that may be significant.   

Owner costs include the capital costs necessary to build and commission a power plant, other than those 

associated to purchases of equipment and procurement of outside services. This separation of capital costs into 

ōŀǎŜ Ǉƭŀƴǘ Ŏƻǎǘǎ ŀƴŘ ƻǿƴŜǊΩǎ costs may be slightly arbitrary; but it is also helpful, because it allows to consider 

separately costs mostly driven by local conditions, regulations, and administrative situations (mostly oǿƴŜǊΩǎ 

costs), from costs that depend on international markets and supply chains (mostly EPC costs). Figure 15 shows 

examples of the main ŎƻƳǇƻƴŜƴǘǎ ƻŦ ƻǿƴŜǊΩǎ Ŏƻǎǘǎ. 

Land costs 

Cost of purchasing the land where the plant is located. In some occasions it also 
includes enough land for plant extensions and for the components of the grid 
necessary to connect the plant with the transmission network (substations, 
transformers etc.). 

Connection costs !ƭǎƻ ŎŀƭƭŜŘ άƎǊƛŘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜέ ƛƴ ǎƻƳŜ ǊŜǇƻǊǘǎΦ  

Pre-production costs  Training, equipment check-up, etc. 

Project management Fixed costs associated to the management of the project. 

License application and 
regulatory fees 

Additional fees levied on the project. In the countries considered in the study these 
costs are not large. But delays in the application and authorization processes may have 
a significant impact on the project. 

Inventory costs (fuel 
storage, consumables) 

Minimal amount of fuel and other consumables necessary to maintain the plant in 
operating conditions.  

Figure 15. Components of owner costs ς Examples  

Engineering companies, developers and construction companies gather first hand information about the size and 

potential evolution of these costs during the project and construction phases, and build the resulting costs 

άōƻǘǘƻƳ ǳǇέ. Developers and plant owners do not usually provide to the public, or to regulators detailed 

breakdowns of their owner costs. To provide approximations to the size and behavior of these costs for each 

region/technology pair in the scope, RE-COST has used different methodologies.  
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 Source: Bureau of Labor Statistics. U.S. Department of Labor. 
39

 Unit labor cost (ULC) measure the average cost of labor per unit of output and are calculated as the ratio of total labor cost to 
real output. UCLs show how much output an economy receives relative to wages, or labor cost per unit of output. UCLs can be 
calculated as the ratio of labor compensation to real GDP. It is also the equivalent of the ratio between labor compensation per 
labor input (per hour or per employee) worked and labor productivity. Data extracted on 04 Oct 2012 from OECD Statistics 
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Connection costs consist of the costs associated to connecting the plant, and reinforcing the grid to integrate the 

new plant in the existing network. Connection costs, which may be very variable, depend on a large number of 

factors including the characteristics of the plant and the transmission grid, the generation technology, the policies 

and regulations that define the requirements to authorize connection, and the responsibilities of the plant 

developer and the TSO. The way in which the TSO assesses the charges to connect a new plant to the grid ς called 

ŀƭǎƻ άŦƛǊǎǘ ŎƻƴƴŜŎǘƛƻƴέ ƛƴ ǎƻƳŜ ǊŜǇƻǊǘǎ ς is different in the countries assessed by RE-COST. Connection costs may 

be
40

: 

¶ Shallow: the investor pays only for the cost of the line necessary to connect to the nearest point of the 

grid, and for the equipment required to support the connecting line. The TSO pays for the costs necessary 

to reinforce the grid. In countries and regions with shallow connection costs, the costs of upgrading the 

system are in some way socialized to all the producers. The expenditures of the TSO are usually recovered 

as transmission costs assessed to all the generators in the system. (See section 6.10 for a discussion of 

transmission costs)  

¶ Deep: in addition to paying shallow costs, investors in a generation plant also have to pay the costs 

required to strengthen the existing grid. These investment costs may be significant if the plant is located 

far away, subject to a high level of generation variability, or if the generation and load of the plant are 

very high.  

Examples of countries with shallow connection costs include Germany, Norway and Spain. Countries and regions 

with deep connection costs include Sweden and Ontario. Other countries and regions have systems that include a 

mix of shallow and deep connection features. For instance, France has a shallow connection cost scheme, but the 

investor has to pay for the connection costs, not to the nearest point in the grid to the plant, but to the nearest 

point where the adapted voltage level is available, and where the connection is technically possible. This point may 

be far away in some cases. In Japan the EPCOs are responsible for the transmission grids in the zones where they 

operate; therefore, they assume the costs of connecting new capacity to the grid ς in this case, the TSO and the 

operator is the same. Alberta has a shallow connection system, but producers are required to provide a refundable 

security deposit based on the deep charges of connection.  

Only the costs that are assessed to the investors in the plant are included in the simulations. The costs assumed by 

the TSO are not included in the business cases calculated in RE-COST. As depicted in Figure 19 and Figure 20, RE-

COST considers connection costs as components of capital costs. The actual size of these costs has been evaluated 

through a combination of interviews (real cost paid to connect a plant in the database to the grid), and 

publications (average proportion that connection costs represent in total capital costs for each technology).  

Pre-production costs can be estimated as one-month fixed operating costs (operating and maintenance labor, 

administrative and support labor, and maintenance materials). In some cases, these costs are as high as two years 

of fixed operating costs, because staff may be hired well before commissioning the plant. 

Inventory cost. Different companies treat these costs in different ways. Either as an initial owner cost, or as an 

annualized cost that is included in variable operating and maintenance (O&M) costs. Typical, approximate values 

for gas- and coal-fired plants are displayed in Figure 16.  

 

                                                                 
40

 ENTSO-E Overview of transmission tariffs in Europe: Synthesis 2012, www.futurepolicy.org (accessed on May 2012), 
Innovative Electricity Markets to Incorporate Variable Production ς Alberta Province Report IEA-RETD (2008), Ontario Province 
Report IEA-RETD (2008), Prysma analysis 
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Type of unit Nominal capacity factor Fuel and consumable inventory days at 100% capacity 

Base load 85% 60 days 

Intermediate 30-50% 15 days 

Peak 10% 5 days 

Figure 16. Example ς Estimates of consumable inventory (approximations)
41

  

Interest during construction (IDC) consists of the interest generated by loans provided during the construction of 

the plant, before the plant begins to generate revenue. Examples of the most important levers of IDC include:  

¶ Timing of purchases and schedule of payment.  

¶ Effective interest rates. 

¶ Delays in commissioning the plant.  

IDC are costs that are not covered by revenues from the sale of electricity and electricity attributes. Therefore, 

investors try to minimize them to the extent possible. A consistent complaint of developers and utilities is the very 

negative impact that delays due to exogenous factors cause to their projects. Delays not only affect the costs of a 

plant, but its actual viability. The uncertainty caused by delays may force a developer to abandon a project, even if 

on paper the business case appears as positive.  

 

Figure 17. Example ς Sensitivity of capital costs to variations in construction time 

Figure 17 shows a simulation of the sensitivity of capital costs to delays in plant commissioning for different 

technologies. Figure 18 shows the impact, in the sizes of capital outlays, of variations in construction times for 

CCGT at different interest rates. 
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 Source: Interviews, RE-COST database of plants and projects. 
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Figure 18. CCGT  ς Delays in construction (million US$) ς Plant size 400 MW  

RE-COST approach to modeling capital costs: The main challenge associated to evaluating capital costs using a database of real 

plants and projects has been to define a consistent baseline. Total capital costs and breakdowns of capital costs were obtained 

from different actors, including investors, fund managers, utilities, developers, and engineering companies. Each of these actors 

had a different view of how to allocate and report their costs. This resulted in different values for the same cost item, and in 

different ways to name the same cost factor. The next tables summarize the level of detail reached in the data collections 

process. 

 On-shore Wind Off-shore Wind Solar PV Hydro CCGT Coal  

EPC 1   Turbine Turbine Modules Reservoir Civil Engineering 

EPC 2   Foundation Foundation 
Civil 
Engineering 

Tunnel Mechanical Engineering 

EPC 3   
Electric 
installation 

Electric 
installation 

Mechanical 
Engineering 

Powerhouse Electrical engineering 

EPC 4   Indirect costs
42

 Indirect costs 
Electrical 
Engineering 

Indirect costs Indirect costs 

 

 On-shore Wind Off-shore Wind Solar PV Hydro CCGT Coal  

Owner's 1  Land cost 
Pre-financial 
cost 

Land cost 
Total owner 
cost 

Land cost 

Owner's 2  
Pre-financial 
cost 

Grid infra-
structure 

Pre-financial 
cost 

  Pre-financial cost 

Owner's 3  
Grid infra-
structure

43
 

Spare parts 
Grid infra-
structure 

  Grid infrastructures 

Owner's 4  Spare parts Project mgmt. 
Admin. fees 
and other  

  Spare parts 

Owner's 5  Project mgmt.       Project management and others 

Figure 19. Components of EPC and owner costs per technology
44

 

Figure 20 shows a quantitative example of the breakdown of capital costs for different plants included in the 

databases. 

                                                                 
42 

Indirect costs include engineering, distributable labor and materials, craft labor overtime and incentives, scaffolding costs and 
start up and commissioning costs.  
43

 Grid infrastructure: cost of connection to the grid and upgrading during the construction of the plant if borne by the investor. 
44

 Source: Prysma analysis 

361.0 365.5
388.9 370.0

418.8

Overnight Capital Cost Installed Capital Cost 2 years, 

5%r

Installed Capital Cost 4 years, 

5%r

Installed Capital Cost 2 years, 

10%r

Installed Capital Cost 4 years, 

10%r

CCGT (400MW, 75%)
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Figure 20. Breakdown of capital costs per technology (US$/kW)  ς Comparison
45

 

2.5.3 Contingency costs 

Contingency costs include all the unplanned costs that arise during the construction and operating phases of a 

plant. Investors usually calculate them as a percentage of total capital costs. The actual percentages used depend 

on many factors, and may significantly vary. Examples of average percentages would be: 5% in solar PV projects, 

10% in on-shore wind farms and CCGT plants, and up to 5-12% in the case of coal-fired plants
46

.  

In some cases, the uncertainty associated to contingency costs can be mitigated through a turnkey construction 

contract, where all the costs are defined from the beginning and most of the overruns are assumed by the 

construction company.  

RE-COST approach to modeling contingency costs: Very few accurate data for real plants were obtained in the data collection 

process. First, because actors were reluctant to recognize they have had overruns in specific plants. Second, because 

calculating the exact additional cost due to the overrun, and how to allocate it to the generation costs of the plant is quite 

difficult. In some cases overruns are recognized as write downs for the developer and not as costs associated to a generation 

project. They do affect the business case of the company, but are not included in the business case of a plant. 

Contingency costs may be added by the user of the modeling tool directly as an input. 

2.5.4 Operation and maintenance (O&M) costs  

O&M costs are costs arise during the operating phase of the plant. Operating costs accrue not only when the plant 

is generating electricity, but also when it is ready to start operation at some point in the future
47

. Investors and 

operators usually distinguish two main types of O&M costs:  

                                                                 
45

 bƻ ǎǇŜŎƛŦƛŎ ōǊŜŀƪŘƻǿƴ ŦƻǊ ƘȅŘǊƻǇƻǿŜǊ ƻǿƴŜǊΨǎ ŎƻǎǘǎΦ !ƭƭ ƻǿƴŜǊΨǎ Ŏƻǎǘ ŀǊŜ ƛƴŎƭǳŘŜŘ ƛƴ ƻǿƴŜǊΨǎ Ŏƻǎǘ 1. Source: interviews, 
plants surveys and PRYSMA analysis. Example for Germany: CCGT 400 MW, coal 400 MW, hydropower 150 MW, off-shore wind 
150 MW, on-shore wind 50 MW and solar PV 10 MW. 
46 

Nuclear plants, not included in the scope of RE-COST, tend to incur many cost overruns. Contingency costs of 100% have been 
documented in some of them. The nuclear plants being built now are expected to incur even further cost overruns due to 
design changes after the Fukushima Daiichi nuclear incident. 
47

 Even plants that have been mothballed generate operating costs, for instance, security, rent, etc. 

Å No specific breakdown for hydropower ownerós costs. All ownerós cost are included in ownerós cost 1

Å Germany Example: CCGT 400 MW, Coal 400 MW, Hydropower 150 MW,  Nuclear 1.300 MW, Offshore wind 150 MW, Onshore wind 50 MW andSolar PV 8 MW 

Onshore wind Offshore wind Solar PV Hydro CCGT Coal

EPC 1 EPC 2 EPC 3 EPC 4 OWNER'S COST 1OWNER'S COST 2OWNER'S COST 3OWNER'S COST 4OWNER'S COST 5CONTINGENCY COST

2,039 5,099 4,684 2,134 902 1,952
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¶ Fixed O&M costs usually include the fixed maintenance of the plant (power train or turbine maintenance 

agreement, facilities maintenance, etc.), plus the costs associated to the maintenance and operation staff, 

including administrative staff.  

¶ Variable O&M costs. The definition of these costs is much wider, and depending on the source, different 

items may be included.  Strictly speaking, variable generation costs would include any cost incurred by the 

fact that the plant is running and generating electricity: fuel costs, insurance costs, emission rights, 

variable maintenance, etc.  However, many investment models and simulations consider fuel, insurance 

and emissions costs as separate items. This facilitates the evaluation of their impact on the costs of 

generation.  

Operators keep detailed records of the O&M costs associated to each generation unit within a plant. However, 

investment decisions are usually based on averages calculated bottom-up (using actual results from operations), or 

top-down (using averages or benchmarks). As the number of plants in operation increases, the detail and accuracy 

of data, and the understanding of the drivers of O&M costs are increasing. However, data in the public realm still 

show significant variability and degree of uncertainty due to a number of reasons: 

¶ The information on operation and maintenance costs is considered as especially sensitive by 

manufacturers and developers. These stakeholders do not disclose accurate and detailed maintenance 

costs in the public realm.  

¶ Some data of new plants and projects are theoretical because they have not had the opportunity to incur 

into significant O&M costs. 

¶ In some cases, maintenance is or will be provided by a third party supplier through an annual fee that 

does not detail cost components.  

Figure 21 displays examples of fixed and variable levelized O&M costs from the simulation model, at different 

utilization levels.  

Cost / Technology 
(size and 

utilization) 

ON Wind 
(50-100MW 

35%) 

OFF Wind 
(150 MW 

45%) 

Solar PV 
(8 MW 
25%) 

Hydro 
(50 MW 

45%) 

CCGT 
(400 MW 

75%) 

Coal  
(400 MW 

60%) 

Fixed O&M 4.5 - 7.2 10.2 ς 21.9 17.6 ς 51.7 1.9 ς 17.0 1.6 ς 5.8 4.0 ς 8.3 

Variable O&M 7.6 ς 22.7 17.4 ς 29.0 
Ғл 

(small) 
1.4 ς 15.0 2.5 ς 3.4  1.8 ς 3.8 

Figure 21: Examples ς Operating and maintenance costs (US$/MWh) ς Averages
48

 

Approach to modeling O&M costs: Specific O&M data for some of the plants included in the database was obtained in the 

data collection process. The modeling tool computes O&M costs as a function of the technology, region, and capacity factor of 

the plant under consideration. The large ranges in O&M costs are due to how they are recognized by different investors, and 

to differences in the O&M contracts established by them.   

2.5.5 Fuel costs 

Fuel costs are variable operating costs of coal-fired and gas-fired plants. Fuel costs represent a significant part of 

the costs of generation of some of the technologies in the scope of the study. In particular, the costs of gas is one 

                                                                 
48

 Hydro data comes from publications. The rest of the data are results of analyses from data gathered in the framework of the 
RE-COST Study. 
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of the primary, if not the most important,  factor that determines the business case of gas-fired plants. Therefore, 

investors devote considerable time and effort to assessing fuel costs, and to gauge how their variations may 

influence the future cost of generation of a plant. The next figures display simulations of levelized costs showing 

the proportion that the cost of fuel represents in gas-fired and coal-fired plants. 

 

Figure 22. Gas-fired ς Impact of fuel cost over LCOE (%, US$/MWh)
49

 

 

Figure 23. Coal-fired ς Impact of fuel cost over LCOE (%, US$/MWh)
50

 

The evolution of fuel prices over the life of a generation plant will depend on the interplay of supply and demand 

in a given region/country, and of the specific contractual provisions established between providers and buyers. 

Figure 24 shows the price history of gas during the last five years in the New York Mercantil Exchange (NYMEX). 
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 Technical average case. Discount rate 5% 
50

 Technical average case. Discount rate 5% 
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Figure 24. Natural gas contracts settlements price history (US$/MMBtu)
51

 

Forecasting fuel costs in the short term, is relatively straightfoward. Data from the Futures Markets can be used to 

assess different growth scenarios. Forecasting fuel prices for the long term is much more difficult. Figure 25 shows 

an estimate of gas prices used by one official agency to define their long term development plant for RET 2012-

2030. The potential variation of gas prices is in the range of +25%/-5%. Projections from other sources show 

similarly wide variations in their forecasts.  

 

Figure 25Φ 9ȄŀƳǇƭŜ ƻŦ Ǝŀǎ Ŏƻǎǘ ŦƻǊŜŎŀǎǘ όϵκa²Ƙύ ς Three potential scenarios ς 2010
52
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 Source: New York Mercantile Exchange (NYMEX) ς Natural Gas Contract Settlement Price History 
52

 Source: IDAE (Instituto para la Diversificacion y Ahorro de Energía (Spain) ς PER 2011-2020 
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RE-COST approach to modeling fuel costs: An extensive number of simulations has been conducted to gauge the impact of 

fuel prices over the costs of generation of each relevant region/technology pair in the scope of the study (see Section 5). The 

following table shows the ranges of prices that have been used to determine initial fuel costs. 

Fuel Cost Canada France Germany Spain Japan IEA Europe
53

 

Gas (US$/MMBtu)
54

 3.9ς8.9 9.6ς12.8 9.6ς15.0 10.1ς10.6 12.8ς14.7 10.3ς11.7 

Coal 
(US$/MMBtu)

55
 

1.3ς3.1 2.2ς6.6 2.2ς4.4 2.2ς4.3 3.5ς4.9 3.24 

Figure 26. Fuel costs (US$/MMBtu)  

2.5.6 Insurance costs 

Plants have to insure against a number of potential incidents by law. In addition, insurance reduces the risks 

associated to technical setbacks, or to other sources of uncertainty and variation in the operation of a plant.  

The prices paid for insurance depend on many factors. One of the most important is the perception of risk of each 

technology. In the last few years, insurance costs for all types of generation plants have significantly increased. But 

other factors are also contributing to raise the costs of insurance, such as the need to insure against business 

contingencies, or to cover for the costs incurred by a project that is stopped or delayed
56

.  

RE-COST approach to modeling insurance costs: The model adds insurance costs as a ratio of capital cost. The initial data used 

are average insurance costs obtained from interviews and desk-top research (indicative only):  

¶ The data available represent a small fraction of the installed power in each country.   

¶ Insurance prices depend on many factors unrelated to the characteristics of the project, as spelled out by very 

specific bilateral contracts between the contracting parties.  

 On-shore 
wind  

Off-shore 
wind 

Solar PV Hydro CCGT Coal  

Insurance 
(% Capital Cost) 

0.72% 0.71% 0.6% 0.6% 0.76% 0.69% 

Figure 27. Insurance costs ς Examples of average insurance costs in the RE-COST database
57

 

2.5.7 Cost of emission rights 

Emission rights alsƻ ƛƴŦƭǳŜƴŎŜ ƛƴǾŜǎǘƻǊΩǎ ŘŜŎƛǎƛƻƴs. Currently, a number of policy schemes attempt to make 

polluters pay for the emissions they produce, and to compensate clean sources of energy for the emissions they 
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 Source: Projected Costs of Generating Electricity. IEA 
54

 Source: /ŀƴŀŘŀΥ LƴŘǳǎǘǊƛŀƭ tǊƛŎŜǎΦ ά{ǘŀǘƛǎǘƛŎǎ /ŀƴŀŘŀΦ 9ƴŜǊƎȅ {ǘŀǘƛǎǘƛŎǎ IŀƴŘōƻƻƪέΦ Ministry of Energy (Ontario), Ministry of 
Energy (Alberta) and Ministère des ressources naturelles et de la faune (Quebec).France, Germany, Spain and Nordic: 
ƳƛƴƛƳǳƳΥ ά²ƻǊƭŘ [bD ŜǎǘƛƳŀǘŜŘ bƻǾŜƳōŜǊ нлмн ƭŀƴŘŜŘ ǇǊƛŎŜǎΦ CŜŘŜǊŀƭ ŜƴŜǊƎȅ ǊŜƎǳƭŀǘƻǊȅ ŎƻƳƳƛǎǎƛƻƴέΦ aŀȄƛƳǳƳΥ LƴŘǳǎǘǊƛŀƭ 
ǇǊƛŎŜǎΦ ά9ǳǊƻǎǘŀǘΦ нлммέΦ WŀǇŀƴΦ aƛƴƛƳǳƳΥ ά[bD ŜǎǘƛƳŀǘŜŘ bƻǾŜƳōŜǊ нлмн ƭŀƴŘŜŘ ǇǊƛŎŜs. Federal energy regulatory 
ŎƻƳƳƛǎǎƛƻƴέΦ aŀȄƛƳǳƳΥ ά.t {ǘŀǘƛǎǘƛŎŀƭ wŜǾƛŜǿ ƻŦ ²ƻǊƭŘ 9ƴŜǊƎȅέ 
55

 Source: /ŀƴŀŘŀΥ 5ŀǘŀ ŦǊƻƳ ƛƴǘŜǊǾƛŜǿǎΦ CǊŀƴŎŜΣ DŜǊƳŀƴȅΣ {Ǉŀƛƴ ŀƴŘ bƻǊŘƛŎΥ Řŀǘŀ ŦǊƻƳ 9ǳǊƻǇŜŀƴ ǳǘƛƭƛǘƛŜǎΦ WŀǇŀƴΥ aƛƴƛƳǳƳ ά.t 
{ǘŀǘƛǎǘƛŎŀƭ wŜǾƛŜǿ ƻŦ ²ƻǊƭŘ 9ƴŜǊƎȅέΦ aŀȄƛmum: data from interviews 
56

 No renewable energy approvals for offshore have been issued and no offshore projects will proceed at this time. Applications 
for offshore wind projects in the Feed-In-Tariff program will no longer be accepted and current applications will be suspended. 
Ontario Ministry of the Environment. February 11th, 2011 
57

 Source: UK Electricity Generation Costs Update ς Matt MacDonald 
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avoid. For instance, the third phase (2013-2020) of the EU ETS defines a cap-and-trade scheme handling 

allowances. From 2013 there will be only one single cap (number of allowances) for the entire EU, which will be 

allocated either for free (an allowance) or through auctions. Power producers who enter full auctioning will be 

able to pass the cost associated to emissions to their customers. Industrial installations will be shifted gradually 

into full auctioning by 2027
58

.  

The costs of emissions depend on the quantity of emissions produced and on the prices associated to these 

emissions. The amount of emissions is a function of the type and quantity of the fuel used. A number of factors 

influence this ratio: 

Generation technology: Coal, and gas based technologies generate different amount of emissions by unit of 

generated power. The next figure shows average emissions of coal and natural gas in the OECD and their evolution 

over time.  

 

Figure 28. OECD average emission rates ς Evolution
59

 

Fuel characteristics: The provenance and composition of the coal used in a plant may have a significant impact on 

the type and quantity of emissions produced per unit of generated power. The table below shows some 

differences in amounts of CO2 equivalent emissions depending on the type of fuel used. 

Natural gas ς CO2 
emissions per kWh 

2005 2006 2007 2008 2009 2010 
Ranges 
used 

Canada 446 436 449 489 460 499 436 ς 499 

France 264 314 318 322 463 520 264 ς 520 

Germany 309 298 299 315 311 346 298 ς 346 

Norway 302 301 341 312 302 343 301 ς 343 

Sweden 218 219 215 216 209 209 209 ς 219 

Spain 319 356 339 349 353 358 319 ς 358 

Japan 441 443 445 442 438 430 430 ς 445 

Figure 29. Natural gas ς CO2 emission rates per country from electricity and heat generation (gram/kWh)
60

 

                                                                 
58

 The number of allowances will be defined in such a way that there will be a linear 1.74 reduction in the number of allowances 
each year compared to the annual average of the 2008-2012 allocations, adjusted to take account of e.g. the wider scope as 
from 2013. (Directive 2009/29/EC) 
59

 Source: CO2 emissions from fuel combustion Highlights (2012 Edition). IEA. Includes the corrections issued in 2013. 
60

Source: CO2 emissions from fuel combustion Highlights (2012 Edition). IEA. Includes the corrections issued in 2013. CO2 
emissions from coal and peat consumed for electricity generation, in both electricity-only and combined heat and power (CHP) 
plants, divided by output of electricity generated from coal. Both main activity producers and autoproducers have been 
included in the calculation.  
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Coal ς CO2  
emissions per kWh 

2005 2006 2007 2008 2009 2010 Ranges used 

Canada 898 921 851 812 928 923 812 ς 928 

France 966 1,003 1,012 1,036 1,048 949 949 ς 1,048 

Germany 867 904 907 896 906 889 867 ς 907 

Spain 886 901 943 901 926 937 886 ς 943 

Japan 911 917 916 906 909 902 902 ς 917 

Figure 30. Coal/peat  ς CO2 emission rates per country from electricity and heat generation (gram/kWh)
61

 

Characteristics of the plant: including plant size, work rate, efficiency, emission control mechanisms used (e.g., 

Carbon Capture and Storage ς CCS ς technologies used to store waste CO2), etc.  

Emission prices: Forecasting the price of CO2 equivalent emissions may be difficult, given the scarce definition of 

scenarios and global emission reductions targets, as well as the challenges that CO2 markets have experienced in 

the last years. The next graph shows an example of CO2 price forecasts used by a state agency in Spain, depicting 

the high levels of uncertainty associated with the future prices of emissions, and the large chance of errors ς today 

(2013), prices of emmissions are at 3-4US$/t. 

 

Figure 31. Example of forecast price of CO2 όϵ/t )
62

 

Figure 32 displays the results of cost simulations (LCOE), showing the proportion that emission costs would 

represent for an average price of emissions of 10 US$/t CO2
63

 for gas and coal-fired generation. However, at the 

present, excess allowances have significantly reduced the prices of emissions for most European plants to figures 

below 4 US$/t CO2. This contributes to reduce the costs of generation of coal-fired plants, making their business 

cases more attractive. 

                                                                 
61

 Source: CO2 emissions from fuel combustion Highlights (2012 Edition). Includes the corrections issued in 2013. CO2 emissions 
from coal and peat consumed for electricity generation, in both electricity-only and combined heat and power (CHP) plants, 
divided by output of electricity generated from coal. Both main activity producers and autoproducers have been included in the 
calculation.  
62

 Source: Spain 2011-2015 Renewable Energy Plan (PER) ς IDAE. Using 2010 as a baseline. 
63

 The model has been run with a range of potential emission prices to determine the impact of this cost factor in the decisions 
of investors. However, significant uncertainty exist as of the potential prices that emissions may reach in the medium and long 
terms. 
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Figure 32. Example ς Impact of emission cost for gas and coal over LCOE (%, US$/MWh) ς Germany  

RE-COST Approach to modeling emissions costs: The simulations conducted have used data from the Climate Economies 

Chair as reference prices in the EU region. 12.0-нпΦл ϵκǘ/h2 (15.6-31.2 US$/tCO2) in 2020 
64

 and 3-10 US$/tCO2 today. 

To reflect the uncertainty associated with the future costs of emissions, άǿƘŀǘ-ƛŦΚέ analyses have been conducted. This has 

enabled to gauge the impact of variations in emission prices over the potential business cases of gas- and coal-fired plants. 

2.5.8 Transmission costs 

Transmission costs consist of the fee the producer has to pay to transmit the electricity produced
65

. The size of this 

cost depends on a large number of factors: (1) the amount of electricity fed into the grid; (2) the characteristics of 

the plant under consideration, and its operating regime, such as load, utilization, and location; and (3) regulatory 

elements. The treatment of these expenses and the proportion that is allocated to the producer considerably vary 

in the different countries included in the study. For example, in Quebec, Hydro Quebec has considered balancing 

and transmission costs to calculate the prices paid to on-shore wind plants.  

Accurately forecasting transmission costs for the life of a project (20-50 years) is not feasible. Approximations must 

be conducted. Some investors perform bottom-up analyses of the transmission costs potentially assessed to their 

generation projects (large utilities), using different factors. Many calculate average transmission costs, and add 

them to the generation costs of their projects.  

RE-COST approach to modeling transmission costs: The analysis tools used in this study approximate transmission costs using 

averages obtained from publications and from the data associated to the database of plants and projects. This way of 

evaluating transmission costs is useful to provide general insights about the region/technology pairs included in the scope, but 

is not valid to assess the specific transmission costs associated to a given plant.  

If the business case of a specific plant needs to be assessed, transmission costs must be calculated with a separate tool, and 

directly added to the simulated cost of each plant or project as an additional cost. 

 Canada France  Germany  Norway Sweden Spain  Japan  

Transmission Cost 5-17 4-14 3-16 4-17 3-10 10-14 10-20 

Figure 33. Example ς Assessment of transmission costs (US$/MWh)  ς Ranges
66
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 Simulations of EU ETS conducted with the ZEPHYR-Flex model, developed by the Climate Economics Chair. 
65

 In this report, transmission costs do not include the one-time costs associated to connecting a new plant to the existing grid, 
and reinforcing the grid to assume the load of the new plant. These costs, that may be considerable in some projects located far 
away from the built grid, or for large plants (coal-fired, for instance), or for some off-shore developments, have been 
considered under the chapter Owner Costs, in Section 2.5.2, following the lifecycle philosophy utilized to evaluate plant costs.  
66

 Source: 9ǳǊƻǇŜΥ άhǾŜǊǾƛŜǿ ƻŦ ǘǊŀƴǎƳƛǎǎƛƻƴ ǘŀǊƛŦŦǎ ƛƴ 9ǳǊƻǇŜ {ȅƴǘƘŜǎƛǎ нлмнΦ 9b¢{h-9έΦ /ŀƴŀŘŀΥ IȅŘǊƻ-Québec call for 
tenders. Japan: estimated value through interviews. 
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Other grid costs are also worth discussing even if they do not affect the business case of a plant. RET with 

variable or intermittent generation patterns, such as wind and solar PV, may generate a number of additional costs 

to the electric system
67

, examples include:  

¶ The day to day cost of balancing scheduled and unscheduled variations in the output of the plant. 

¶ Investments in additional installed capacity to cover peak demand when the intermittent sources cannot 

do it. 

¶ Investments in reinforcements of transmission and control systems in the grid, which are borne by the 

TSO. 

A number of studies have begun to quantify the costs incurred by the system due to variability or intermittency. 

But figures in the public realm are still few and display large variations.  

Investors do not factor in the costs associated to transmitting electricity in their calculations, unless they have to 

pay for them. But these costs may be very relevant to policy makers that have to decide how to incentivize variable 

RET or large non-RET generation plants. While the proportion of variable generation is small, highly dispatchable 

technologies, such as gas-fired plants, may balance the load of the system. However, when the generation mix of a 

country includes high proportions of intermittent generation, it is necessary to incur additional costs to ensure 

balancing. Accurately computing these costs and defining who has to pay for them are key issues for policy 

makers. 

2.5.9 Decommissioning costs 

Decommissioning consist of dismantling a plant at the end of its life-cycle. Dismantling involves operational and 

administrative tasks. Some of them are legally required by local rules and regulations. Decommissioning a plant 

based on a technology other than nuclear poses similar problems to those faced by other industrial enterprises. It 

is necessary to return the land to a specified condition; removal or cleaning of environmentally damaging materials 

must be ensured; and materials and components have to be scrapped or reused.  

The main challenge in the evaluation of decommissioning costs is the large number of factors that influence them 

(location, local regulations, existing supply chain, etc.). Investors use very different approaches to evaluate these 

costs. In some cases, they have direct experience in the decommissioning of a plant. In other cases, they request a 

quote from specialized companies.  

Figure 34 shows the ranges of impact of decommissioning in OECD countries costs for the technologies in scope.  

(US$/MWh) On-shore wind Off-shore wind Solar PV Hydro CCGT Coal 

Decommissioning  

Costs 
0.16-1.15 0.29-1.32 0.04-4.67 0.03-0.67 0.02-0.18 0.01-0.18 

Figure 34. Example of impact of decommissioning costs (US$/MWh)
68
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 Source: Projected costs of generating electricity ς 2010 edition IEA 
68

 Projected costs of generation of electricity (2010 Edition) ς IEA, NEA.  
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RE-COST approach to modeling decommissioning costs. Decomissioning costs are calculated for each of the technologies in 

the scope of the report. Excluded from the calculations are: 

¶ Repowering (replacing less efficient turbines with more efficient ones) in the case of wind farms.  

¶ Blade replacement and recycling. An event that happens during the operating life of a wind farm, and that at this 

point does not have an easy solution because recycling blades is rather difficult and costly.  

¶ Second hand market for gas turbines ς It provides the possibility to add a residual (negative) cost at the end of the 

economic life of a plant, thus modifying total levelized costs. 

2.5.10 Financing costs ς Interest rates 

Finance rates for generation projects depend on a host of factors. Investors devote significant time and effort to 

ensure they attain the most advantageous conditions for their projects, (see Section 2.4). 

Approach to modeling financing costs: The rate ranges used to model the business case of generation are summarized in the 

table below. These values should not be taken as evidence of averages of rates in the countries under consideration, but as 

ranges used in the simulations. 

Discount Rate 
Canada-
Alberta 

Canada-
Ontario 

Canada-
Quebec 

France Germany Norway Sweden Spain Japan 

On-shore wind 
Equity 15% 8% 8% 10% 10% 11% 11% 12% 8% 

Debt 3% 3% 3% 3% 3% 5% 5% 6% 3% 

Off-shore wind 
Equity    12% 12% 13% 13%  11% 

Debt    6% 6% 6% 6%  5% 

Solar PV 
Equity  10%  10% 10%   12% 8% 

Debt  3%  3% 3%   6% 3% 

Hydro 
Equity  8% 8%  10% 11%   6% 

Debt  3% 3%  3% 5%   3% 

CCGT 
Equity 10% 11%  13% 13%   15% 6% 

Debt 3% 3%  4% 4%   8% 3% 

Coal 
Equity 11%   13% 13%   15% 6% 

Debt 3%   4% 4%   8% 3% 

Figure 35. Examples of ranges of discount rate per technology and country (%)  

Two mechanisms were used to approximate ranges of financing rates for each of the region/technology pairs included in the 

study:  

¶ Data collection. Data from some plants and projects included details about the specific scheme used to finance them, 

and the financing rates used (very few). 

¶ Discussions and workshops with experts and investors, who provided their views about the financing rates and 

schemes which might be applicable in each region/technology pair.  

Examples of factors that influence the financing rates in each pair region /technology include:  

¶ Different perception of risk between renewable and non-renewable technologies. In some cases the first receive 
incentives, and the latter are primarily subject to market prices. 

¶ The risk perception of renewable technologies varies depending on the type of support: PPAs have lower discount rates 
than FITs, which have lower discount rates than other types of support like green certificates or offsets. 

¶ Conventional technologies like CCGT and coal show higher discount rates in the current situation than those expected in 
the past, due to actual lower capacity factors that reduce the attractiveness of the business case for investors. 

¶ Off-shore wind shows higher financing rates than on-shore wind due to the risks associated with this technology. 
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¶ Differences between Canadian regions are due to the different compensation systems for renewable technologies used in 
each region in the scope of analysis.  

¶ The current economic situation in Spain, and the uncertainty associated with the future electricity policies in this country 
increases financing rates of all generation technologies.  

¶ Norway and Sweden show slightly higher financing rates than France or Germany due to currency risk. 

¶ The recent measures taken by the government to support non-nuclear energies after the Fukushima accident contribute to 
decrease financing rates in Japan for RET generation. 

2.5.11 Cost sensitivity to different factors 

Costs of generation are very sensitive to the variations of a large number of factors. Investors consider the 

potential variations of factors costs, and assess their impact on generation costs. This enables them to gauge the 

reliability of their calculations, and to assess the risk of the project. A project where factor costs are likely to have 

large variations will result in large potential variation of final costs, adding risk to investors. 

Figure 36 shows examples of the sensitivity of costs of different technologies to different cost factors. The longer 

the horizontal bars, the higher the impact that the variation of the cost driver has on the costs of generation.  

 

Figure 36. Example ς Sensitivity analysis ς On-shore wind and Off-shore wind 
69

 

 

Figure 37. Example ς Sensitivity analysis ς Hydro and solar PV 
70
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LCOE with a 12% variation of each parameter from the average case. [On-shore wind: 50 MW, 5% discount rate (DR), 30% 
capacity factor and 20 years lifetime; Off-shore wind: 150 MW, 5% DR, 40% capacity factor  and 20 years lifetime] 
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Figure 38. Example ς Sensitivity analysis ς CCGT and coal 
71

  

2.6 Assessment of generation revenue 

Revenues from the electricity generated depend on three components (1) the quantity of electricity produced, (2) 

the price of electricity, and (3) additional sources of revenue. 

ὙὩὺ ὉὰὩὧ ὼ ὉὰὩὧ  ὉὰὩὧȢ 

 

ὙὩὺ  ὙὩὺὩὲόὩ Ὥὲ ώὩὥὶ ὸ 

ὉὰὩὧὉὰὩὧὸὶὭὧὭὸώ ὴὶέὨόὧὩὨ Ὥὲ ώὩὥὶ ὸ 

ὉὰὩὧ ὝὬὩ ὺὥὶὭὥὦὰὩ ὴὶὭὧὩ έὪ ὩὰὩὧὸὶὭὧὭὸώ 

ὉὰὩὧȢ ὃὨὨὭὸὭέὲὥὰ ίέόὶὧὩί έὪ ὶὩὺὩὲόὩ Ὥὲ ώὩὥὶ ὸ  

Figure 39. Revenue from electricity and other sales 

Investors use a variety of tools to assess future revenues. Utilities and companies specialized in funding the 

electricity sector, use dynamic revenue models, which consider a large number of variables, including competitive 

situations; macro-economic variables (electricity demand, and trends); type of contract ς spot / by contract 

markets; imports and exports in addition to energy from local plants; etc. Smaller, less specialized investors, may 

use educated approximations to forecasting revenues with more or less level of detail. 

2.6.1 Electricity produced 

The amount of electricity produced by a plant is a function of its size, capacity factor (or utilization), and the 

expected life of the plant. Investors make hypotheses about the average values and ranges of variation of these 

parameters to compute the output of the plant. Utilities use large, complex models that calculate potential plant 

utilization as an output of market demand and supply, the evolving characteristics of the generation environment 

(other plants, policies, evolving costs, etc.), and many other factors. Other investors compute the impact of a 

                                                                                                                                                                                                               

70 
LCOE with a 12% variation of each parameter from the average case. [Hydro: 50 MW, 5% DR, 45% capacity factor and 30 

years lifetime; Solar PV: 8 MW, 5% DR, 25% capacity factor and 20 years lifetime] 
71

 LCOE with a 12% variation of each parameter from the average case. [CCGT: 400 MW, 5% discount rate, 75% capacity factor  
and 30 years lifetime; Coal: 400 MW, 5% DR, 60% capacity factor  and 40 years lifetime] 

85% 90% 95% 100% 105% 110% 115%

CCGT

85% 90% 95% 100% 105% 110% 115%

Coal

Capital Cost

Fixed O&M

Emission Cost

Variable O&M

Decommission

Lifetime

Capacity Factor

Insurance

Fuel Cost



 RE-COST  

   Page 48/212 

handful of key factors, for instance, the expected life of the project, average capacity factor, average losses, etc., 

and assess the level of risk associated to the proposed investment through less sophisticated models. 

Capacity factor (or utilization) is the ratio between the actual power generated and the maximum power that the 

plant could generate. This indicator measures the percentage of installed capacity that is utilized
72

. The potential 

capacity factor of a plant over its lifetime is a critical input in the calculation of its financial results. Once the capital 

outlays of the plant have been made, it is imperative to ensure a utilization rate that maximizes the returns to 

investors. The impact of capacity factor on average or levelized cost of electricity (LCOE) is very significant, as 

shown by the sensitivity analyses depicted in Figure 40 and Figure 41. 

 

Figure 40. Example ς  LCOE sensitivity to capacity factors and discount rates (Germany / On-shore wind)
73

 

 

Figure 41. Example ς LCOE sensitivity to capacity factors and discount rates (France /CCGT)
74

 

Figure 42 displays examples of standard or technical operating factors per technology. They represent averages 

from data obtained in industry interviews and from publications. They are reference values, not the values at 

which any specific plant will operate. 

 

                                                                 

72
 Source: Monitoring Performance of Electric Utilities. The World Bank, 2009 

73
 Based on simulations of 50 MW plant, with construction time equal to 2 years, and 20 years of economic life.  

74
 Based on simulations of a 400 MW plant, with construction time equal to 2 years, and 30 years of economic life.  
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 On-shore wind Off-shore wind Solar PV Hydro CCGT Coal  

Capacity factor 30% 40% 20% 45% 75% 60% 

Lifetime (years) 20 20 20 30 30 40 

Figure 42. Design capacity factors and lifetimes by technology   

The actual capacity factors at which a plant operates may be very different from the values depicted in Figure 42, 

due to a number of reasons:  

¶ The situation of the economy of the region/country where the plant operates, which directly affects 

electricity demand. Power consumption has a large impact in the average capacity factors of the 

generation plants participating in the market of a given region; in particular if they enter last in the merit-

order curve. 

¶ Weather patterns. Weather influences capacity factors in a number of ways: Unseasonal cold and heat 

increase consumption of electricity. This in turn increases the average capacity factors of the plants 

operating in a region (the impact may be local, national, or international). Dry conditions reduce the 

output of hydro plants (lower capacity factors). The Nordic countries and Quebec are particularly affected 

by this factor, due to the importance of hydro in their generation mix. Wind farms can operate only under 

certain conditions. Intense or very low wind speeds reduce the utilization. 

¶ Changes in the portfolio mix of a region: The phasing out of nuclear plants in Germany is resulting in large 

changes in the average capacity factors of plants based on other generation technologies. Something 

similar has happened in Japan in 2012. The reduction in output of a given technology has to be covered by 

output increases of other technologies to match demand. 

¶ Place in the merit-order-curve: Some plants that were expected to operate as base load ς for instance 

CCGT and coal ς are being used now as peak capacity. They enter later than RET in the market merit-

order-curve. As a consequence, some CCGT plants that were designed for average capacity factors of 75% 

are operating at 30% or less.  

Figure 43 shows average plant capacity factors by region/country in different reference years, calculated as the 

ratio between the actual electricity generated in the region by a given technology, divided by the potential 

electricity that could have been generated by the total installed capacity in the region.   

Country - 
Technology 

Alberta 
(2010) 

Ontario 
(2010) 

Quebec 
(2010) 

France 
(2011) 

Germany 
(2011) 

Norway 
(2011) 

Sweden 
(2011) 

Spain 
(2011) 

Japan 
(2011) 

Wind - on-shore 30% 24% 33% 20% 18% 29% 24% 23% 23% 

Wind - off-shore    **  20%*** **  30%***  25%*** 

Solar PV  16%  9% 8%   20% ~0% 

Hydro 24% 44% 53% 23% 55%* 46% 47% 19% 22% 

CCGT 64% 27%  36% 37% 52% 24% 23% 56% 

Coal 64%   19% 60%   43% 56% 

Nuclear  78% 60% 76% 99%  71% 85% 24% 
          

  Does not exist in the country or irrelevant 

* Hydro in Germany includes biomass 
** In 2011 offshore wind plants were still under viability analysis or in draft form 
*** Capacities are estimations ς There is no breakdown between on-shore and off-shore wind generation 

Figure 43. Proxies for capacity factors of technologies in each country ς 2011
75
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 The proxies are approximations to the average capacity in a region. A given plant may have higher or lower rates of capacity 
than those stated in this table  
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RE-COST approach to modeling plant capacity. The impact of plant capacity factors has been evaluated in each of the 

region/technology pairs in the scope. Design rates (as depicted in Figure 42), and proxies for capacity factors (as shown in 

Figure 43) have been used as references only, not as the actual values of the capacity factor of a given plant in the database.  

Extensive sensitivity analyses have been conducted to quantify and display the impact of this parameter in the business case 

of each region/technology pair as discussed in Section 5. 

2.6.2 Electricity generation price 

Accurately assessing the prices that will be paid for the electricity generated during the lifetime of a plant is 

impracticable. There are too many variables that will influence prices over an extended period of time. Investors 

and other actors use ranges of prices to simulate the potential future revenues of a generation project. Price 

ranges are obtained from different sources: 

¶ Internal information ς based on historical prices and forecast. 

¶ Publicly available information, gathered from different sources such as expert reports. 

¶ Prices quoted in the electricity markets relevant for each generation project (e.g. the price of the pool). 

¶ Others. 

Figure 44 shows examples of prices in different electricity markets. The prices of interest for this study are the 

prices paid to the power producers, not the retail prices of electricity.    

 

Figure 44. Evolution of French
76

 and German
77

 electricity prices (2001-2011)  

The power exchange prices constitute a good initial reference to compute the business case of an electricity 

generation project. Every investor is well aware of the price levels and their trends in their target markets. 

However, the actual prices received may be quite different from the published prices in power exchanges due to a 

number of reasons: 

¶ There is no power exchange. This is the case of Quebec, where most of the electricity consumed is 

purchased from Hydro Quebec Distribution. 

                                                                 
76

 Source: Data from EdF-EN, displayed in electricity prices scenarios until 2020 in selected EU countries ς PV ǇŀǊƛǘȅ tǊƻƧŜŎǘέ ς 
Jan. 2012 
77

 Ibid  

FRANCE GERMANY
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¶ The relevance of the power exchange is small. For example, the spot prices of electricity in Japan are not 

a fair proxy for the prices paid to producers because the spot market is very small.  Another example is 

Ontario, that has a power exchange, but where the prices of generation are determined through contracts 

between producers and the Ontario Power Authority, which ensures a price to the producers that is 

usually higher than the price of the spot market. 

¶ Electricity may be purchased directly from suppliers through bilateral contracts whose provisions are 

not made public. The EU, directive 2003/54/EC allows European users to freely choose their power 

supplier (producers, electricity service companies, and others). In Japan, the compensation for electricity 

production may be in the form of transfer prices within EPCOs, or through OTC contracts between 

producers and consumers.  

The ranges of prices used in this study for 2011 are shown in Figure 45. The boundaries of the ranges of prices are 

constituted by: 

¶ The spot prices of electricity in the countries that have a power exchange. Both average spot prices and 

maximum spot prices have been considered.  

¶ A value denominated generation or wholesale price. As shown in Figure 46, this price has been calculated 

by stripping down from the retail prices of electricity of each country the amounts associated to 

transmission, distribution, fees and other charges, taxes, etc. This mechanism allows computing an 

approximation of the maximum compensation that could be awarded to a generic plant; and sets up a 

(usually higher) boundary to simulate the business case of a generation project. The results from these 

calculations may vary depending on the source, and of the year used as references.  

 
Figure 45. Reference prices (US$/MWh) per segment and country ς  2011

78
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 Source: Base for prices 2011: Alberta, Ontario, Québec: HQ ς Comparison of electricity prices 2011, France, Germany, Spain, 
Norway, Sweden, Japan: Key World Energy Statistics 2012. IEA  

Breakdown generation price for households: Alberta ς Spotpower: FACTS, Ontario ς National Energy Board & HydroOne,  
Québec ς HQ, France ς MEEDDM, Germany ς World Energy Council, Norway ς Regieringen, Sweden ς Vattenfall, Spain ς 
UNESA, Japan ς Prysma analysis according to average 

Breakdown generation price for industry: ōŀǎŜŘ ƻƴ  άŘƛǎŀƎƎǊŜƎŀǘŜŘ ǇǊƛŎŜ Řŀǘŀ ŦƻǊ ƛƴŘǳǎǘǊƛŀƭ ŎǳǎǘƻƳŜǊǎ нлммǎнά from Eurostat  
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Figure 46. Breakdown of household retail prices (%,US$/MWh) per country
79

 

RE-COST approach to modeling electricity prices. A large number of simulations has been conducted to identify the impact of 

potential prices of generation over the business case of each region/technology pair.  

It is important to understand that the prices used in the simulations are only references. They permit simulating a variety of 

scenarios, and have proven useful to provide insights in the business cases of the region/technology pairs in the scope of this 

study. But they do not constitute an analysis of the effective prices that a given generation project may attain. 

Unless otherwise stated, it has been assumed that market prices will grow with inflation. Or in other words, in most of the 

simulations conducted market prices are constant in 2012 US$. 

2.7 Additional sources of revenue and costs 

Investors also include in their business cases other sources of costs and revenues. In particular, policies and 

regulations trigger incentives and measures of support (positive or negative) to the generation of renewable and 

non-renewable electricity.  

Investors conduct comprehensive and detailed analyses of each global, national, or local incentive that may be 

applicable to a generation plant, and actively lobby to ensure that their projects are eligible to receive incentives. 

But identifying policies in the energy sector, and quantifying its impact is not a trivial task, due to a number of 

factors: 

¶ The large number of elements that can be considered as policies, and that result in incentives or support 

to electricity generation.  

                                                                 

79
 Source: Base for prices 2011: Alberta, Ontario, Québec: HQ ς Comparison of electricity prices 2011, France, Germany, Spain, 

Norway, Sweden, Japan: Key World Energy Statistics 2012. IEA . 

*Québec: prices set by HQ, no precise breakdown available ς generation cost, transmission & distribution, GST and QST 

**Japan: prices are fixed by EPCOs with monopoly power in their service districts, no precise breakdown available  

Breakdown generation price for households: Alberta ς Spotpower: FACTS, Ontario ς National Energy Board & HydroOne,  
Québec ς HQ, France ς MEEDDM, Germany ς World Energy Council, Norway ς Regieringen, Sweden ς Vattenfall, Spain ς 
UNESA, Japan ς Prysma analysis according to average 

58%

43% 40% 40%

26% 26%

37%

25%
31%

29%

37%
35%

29%

43% 19%

21%

8%

8%

4%

21%
1%

3%

36%

5%
12%

21% 24%
30%

41%

19%

60%
69%

Alberta Ontario Québec* France Germany Norway Sweden Spain Japan**

Generation Transmission, Distribution & ServiceFees and other charges Taxes incl. VAT Other

164.0 124.4 68.2 187.1 352.0 295.3170.7 248.2 260.9
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¶ The diverse means by which policy makers determine and allocate incentives and support to the actors 

in the electricity sector, and to generation projects. 

¶ The fact that in some cases the incentives are hidden, or reach the recipients through indirect ways.  

Figure 47 shows a non-comprehensive summary of incentives to renewable generation in the countries in scope. 

Section 5 discusses some of the most relevant incentives in each of the regions in the scope. 

 

Figure 47. Types of policies for renewable energies in the countries in scope (non comprehensive)
80
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 Source: REN21 Renewable 2012 Global Status Report, modified and complemented with Prysma analysis 

Regulatory policies Fiscal incentives Public financing
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3. THE BUSINESS CASE OF GENERATION ς SUMMARY  

This section presents a summary of the insights obtained from analyzing the business cases of each relevant 

region/technology pair included in the scope of RE-COST. Detailed results and insights are presented in Section 5, 

(in Part 2 of this report) 

3.1 Results from cost analysis 

Costs of generation are evolving due to an array of technical, market, and policy factors. These factors affect not 

only to new RET plants (wind and solar PV); but also to established, mature technologies. The simulations 

conducted in the framework of the RE-COST Study show that the costs of generation of new plants are different 

from the costs of generation of plants that entered operation more than 3-5 years ago (older plants).  

Capital costs: The evolution of capital cost of plants is one of the key factors behind the evolution of generation 

costs. Figure 48 presents a comparison between the ranges of capital costs of the new plants and projects included 

in the RE-COST database (2009-2013), and ranges of capital costs of older plants obtained from publications and 

from proprietary databases (2010-2008). A number of insights emerge: 

¶ The capital costs associated to any technology present very wide ranges. As discussed in Section 2.5.2, a 

large number of factors affect and determine capital costs. Therefore, depending on the technical and 

operational circumstances (for instance, the location of the plant), the resulting capital costs may be very 

different. Comparing the capital costs of different technologies has to be done with the utmost care, if 

possible identifying the specific technical, operating and financial characteristics of the plants that are 

being compared. 

 

Figure 48. Evolution of capital costs ς New plants and projects vs. older plants (US$/kW)
81
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 Ranges exclude Japan to eliminate the impact of specific cost factors that do not affect other regions.  
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¶ The unit capital costs (US$/KW) of newer RET plants (wind and large solar PV) appear to be lower than 

the capital costs of older RET plants operating in similar circumstances
82

. The main factor behind this 

trend is technology improvements.  

¶ The capital costs of gas-fired plants have not changed as much as those of other technologies. 

¶ The capital costs of best in class coal-fired plants appear to be decreasing. The main driver behind this 

trend would be scale. However, there is significant variation in the capital costs from one plant to 

another. Some new coal-fired plants may have higher capital costs than older plants of similar size, 

operating in similar conditions.  

LCOE of generation: But capital costs are only a part of the picture. To fully gauge the behavior of different 

generation technologies, it is necessary to also consider other factors, for example, other costs (operating and end 

of life costs); operating conditions (quality of input factors, plant location); the market situation (affecting the 

capacity factor of each plant); and applicable support policies and incentives. Figure 49 displays the results of 

simulations that use the RE-COST database, and compares them with ranges of generation costs of older plants 

found in a number of publicly available reports and publications. Noticeable differences have been found between 

both.  

 

Figure 49. Evolution of generation costs ς New plants and projects vs. older plants
83

 

On-shore wind. (LCOE = 75-150 US$/MWh). Plants that benefit from favorable technical and operational factors ς 

that is, large plants with scale economies, operating at high capacity factors, and financed with low to medium 

rates of interest ς may start displaying cost ranges that approach the costs of generation of traditional 

technologies such as gas, coal and hydro. Different factors contribute to this outcome: 

¶ Reduction of turbine prices in the last two years, driven by the emergence of suppliers in developing 

countries, and by price wars between turbine manufacturers.  

¶ Additional reductions in O&M costs, driven by increased operational efficiencies, and by the use of lower cost 

suppliers. 
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 Results obtained from simulations with the RE-COST model. 
83

 Ranges exclude Japan to eliminate the impact of specific cost factors that do not affect other regions.  
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¶ The on-shore wind sector is becoming mature. For the last 10-20 years, actors in the sector have leveraged 

learning and experience to reduce costs. Further cost reductions may be perfectly possible, but they may not 

be as significant as those seen in the last years. The learning curve is flattening. 

¶ Optimal locations are becoming more difficult to find. This contributes to increasing the LCOE of new on-

shore wind plants in some countries such as France and Germany
84

.  

The average costs of on-shore wind generation are still higher than the market prices of electricity in the 

countries and regions in the scope of this study. However, the costs of some plants that benefit from technical and 

operating conditions which position them in the low ranges of generation costs (low capital costs, high capacity 

factors, and low discount rates) may be approaching market prices in some regions. In the short term, some on-

shore wind plants could attain positive business cases without needing incentives
85

.  

¶ On-shore wind could be competitive in the short or medium term in thermal countries/regions (Ontario, 

France, Germany, and Japan), where prices are defined by coal, CCGT, and nuclear generation. 

¶ On-shore wind is likely to find it difficult to compete without incentives in regions with very low gas prices, 

such as Alberta, where electricity prices are defined by low costs of gas; or in regions such as Quebec, Norway, 

and Sweden, where large proportion of low cost hydro generation contribute to reduce the market prices of 

electricity
86

. 

Off-shore wind (LCOE = 130-285 US$/MWh). The unit costs of off-shore wind generation are higher than those of 

on-shore wind due to an array of technical and financial factors. Issues associated to new developments; the 

challenges of operating off-shore; and uncertainty about the future behavior and operating conditions of off-shore 

projects contribute to increase the costs of this technology. 

In other publications, the ranges of generation costs of new off-shore wind plants appear to be smaller than those 

obtained by the RE-COST study. This would be consistent with reports from actors in the electricity sector that 

claim to be attaining significant cost reductions from technical improvements, as well as from increased 

experience with this technology. Still, the large cost ranges obtained in this study reflect high levels of uncertainty 

about final project costs. More data from operating plants are necessary to calculate the costs of off-shore 

generation with the same level of accuracy that has been reached in the analyses of other, older technologies
87

.  

At the present, the costs associated to this technology are still much higher than the reference prices of electricity 

in the countries in the scope of this study. Off-shore wind plants are viable only when specific incentives for this 

technology exist. 

Large Solar PV (ground-mounted) (LCOE = 165ς400 US$/MWh). The results obtained from the analyses of new 

solar PV plants and projects are consistent with some aspects of the traditional view of the technology. The costs 

of solar PV generation are still higher than the costs of other generation technologies in the scope of this study. 

Also, even when operating in very good conditions, most of the plants in the database display costs much higher 

than the reference prices of generation in all the regions evaluated.  

                                                                 

84
 This statement is not valid if plants in attractive locations are repowered. But the analysis of repowering has been 

determined as outside of the scope of this report: Repowered plants have not been included in the RE-COST database.  
85

 An example is the A-5 2012 auction celebrated in Brazil in December 2012, which set up a price of 112 reals/MWh (42 
US$/MWh), although with some special conditions. 
86

 Strictly speaking the prices of electricity in Norway and Sweden are determined by the high proportion of low cost hydro in 
the Nordic market (see section 6.7). 
87

 With the available data it is not possible to assert that the costs of off-shore wind generation are decreasing over time. The 
database of plants does not have enough granularity to allow time analysis, because the number of projects in the countries in 
the scope is still relatively small. 
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However, the costs of the newest plants included in the database are significantly lower than the costs of older 

plants also included in the database. Technical advances and increased experience with the technology contribute 

to this trend. Some of the companies interviewed claim to be able to attain much lower costs of generation than 

those of the average solar PV plant (10-20 MW, 15-20% capacity factor and 8-12% discount rate), and to be ready 

to reach grid parity in the near future (LCOE = 130-240 US$/MWh)
88

. These plants with much lower costs, which 

ŀǊŜ ŘŜƴƻƳƛƴŀǘŜŘ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǎǘǳŘȅ ŀǎ άōǊŜŀƪǘƘǊƻǳƎƘ Ǉƭŀƴǘǎέ, to recognize their position at the cutting edge of 

the technology today, may become commonplace in the next 2-4 years. 

For the time being, solar PV plants still need policy support to operate profitably, but the breakthrough plants may 

be able to operate with very small or nil revenue incentives in the near future. 

CCGT (LCOE = 45-120 US$/MWh). The costs of generation of new gas-fired plants appear to be slightly higher than 

those of old plants. This appears to be due to two factors: 

¶ New gas plants in many regions in the scope of the study are operating at very low capacity factors (average 

~20-40 %). This further increases their costs of generation. The exception is plants operating in regions with 

low cost of fuel, such as Alberta
89

.  

¶ New plants have slightly higher capital costs than older plants. This would be consistent with industry 

analyses. Experts assert that capital costs are likely to drop in the near future due to actions conductive to 

eliminate the inefficiencies that caused the increase
90

. 

Coal (LCOE = 50-120 US$/MWh). As it is the case with gas generation, the costs of new coal plants appear to be 

slightly higher than those of older plants. 

¶ New coal plants in many regions in the scope of the study operate at relatively low capacity factor (average 

30-50 %). This further increases the costs of generation. 

¶ The capital costs of new coal plants in the RE-COST database appear to be slightly higher than those of 

comparable older plants
91

.  

Additional considerations: Changes in some key cost factors may significantly affect the costs of generation of any 

technology:  

¶ The most important is the rate of interest used to finance the plants. Everything being equal, different rates of 

interest may significantly affect the final costs of generation.  

¶ Other factors, such as insurance, emission costs, decommissioning costs, etc. have lower importance in the 

business case of most plants. But they also add to the final cost tally of the project. In plants with thin business 

cases, these costs may represent the deciding factor between going ahead, or abandoning a project. 

¶ Additional costs drivers, such as integration with the network may significantly influence the business case of 

some projects (off-shore wind, for instance
92

). The main issue is not only how much cost will be allocated to a 

                                                                 
88

 The sample of data for these breakthrough solar PV plants is very small. However, the implications of these much lower costs 
levels could be very significant for the future of this technology. 
89

 Source: IEA ς World Energy Outlook (WEO) 2012. Ministry of Energy (Alberta) 
90

 Source: Future fossil fuel electricity generation in Europe: Options and consequences ς JRC Reference Reports, 2009; UK 
electricity generation costs update (June 2010), Mott MacDonald, Investment and operation costs figure ς Generation portfolio, 
VGB Survey 2011. Coal fired power plant construction costs, Synapse (2008) 
91

 Ibid. For coal-fired generation this result has to be put in context. The number of new plants included in the analysis is 
relatively reduced, and data from older plants are scarce and not very detailed. The capital costs for supercritical pulverized 
coal plants obtained in the scope of this study may not fully represent consolidated trends of this technology. 
92

 Source: Projected costs of generating electricity (2010) ς IEA, NEA 
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given plant, but whether the plant may be connected or not to the grid, and when. The uncertainty generated 

by this situation may reduce the appetite of investors to commit to a given project.  

¶ Taxes take away a significant portion of the income generated by each plant. Adding corporate, regional, local 

taxes, plus generation specific taxes may result in a plant that provides positive income to investors, but that 

does not supply the desired return levels. 

¶ Exchange rates may influence the outcome and the success of some investments that include expenditures 

and revenues in different currencies. 

Cost of generation vs. prices of electricity. The main consequence of these trends is that, in some countries, the 

costs of on-shore wind are approaching the market prices of electricity. Some of the best-in-class plants
93

 analyzed 

appear to display costs that are in the higher ranges of the reference prices of electricity of some of the regions 

considered. It might be expected that in the short term, some on-shore wind plants might display positive business 

cases without the need of incentives in regions where the prevalent prices for electricity generation are high 

enough.  

The costs of other new RET, such as solar PV and off-shore wind, are higher than the reference prices of electricity 

in the practical totality of the regions in the scope of the study. They require incentives to compete against other 

forms of generation. However, the trends identified by this study and by other publications suggest that, at some 

point in the future, these two technologies could be at parity with the prevalent prices of electricity generation in 

these regions
94

. 

The relative competitiveness of new RET, and the likelihood that wind and solar PV plants can forego incentives in 

the future is very dependent on the prevalent prices of electricity. Prices that in turn depend on the supply mix of 

each of the regions/countries analyzed by RE-COST.  

¶ New RET could be competitive in the short-medium term in thermal countries (France, Germany, Sweden, 

Spain), where prices are defined by coal, CCGT, nuclear generation. 

¶ However in the short term new RET will still find it difficult competing in regions with very low gas prices, such 

as Alberta, where electricity prices are defined by low costs of gas. 

¶ New RET plants ς even the best-in-class on-shore wind farms ς are likely to be uncompetitive in hydro 

regions/countries such as Norway, Sweden and Quebec in the long term. Approaching the very low prices of 

generation associated with large proportions of hydro generation is going to require significant cost 

reductions, not likely in the very short term (2-3 years). 

In addition, one key factor to determine whether new RET plants may be able to operate without incentives in the 

future will be the extent of support and incentives that other forms of generation are awarded. As discussed in 

Section 3.10, non-RET plants may also receive incentives that affect their generation costs. Reducing and 

ultimately discontinuing incentives to RET generation should be done only in a framework in which the incentives 

to all types of generation are considered, both RET and non-RET. 
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 Depending on the country/region: onshore wind farms with 30-35% capacity factor, size 50-100 MW and discount rate 5-8% 
94 Database includes data with very low capital cost ς breakthrough plants 
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3.2 Canada ς Alberta 

 

Figure 50. Alberta ς Ranges of unit costs and revenues (US$/MWh)
95

 

Alberta / On-shore wind: {ƛƳǳƭŀǘƛƻƴǎ ƻŦ !ƭōŜǊǘŀΩǎ Ǉƭŀƴǘǎ ǊŜǎǳƭǘ ƛƴ ŀǾŜǊŀƎŜ ƻƴ-shore wind costs higher than the 

average cost of gas-fired plants in the region, and roughly at the same or at lower levels than those of coal-fired 

plants.  

Best-in-class on-shore wind plants (Size 75-100 MW, capacity factor 30-35% and discount rate 5-8%), which benefit 

from low interest rates, advantageous turbine prices, and high capacity factors, may reach costs of generation 

lower than the costs of some thermal plants (coal ~ 70 US$/MWh). However, these plants are not representative 

of all the on-shore wind plants in Alberta, as average plants (Size 20-50 MW, capacity factor 25-30% and discount 

rate 6-10%) still display higher costs than those of thermal plants. These average plants still need policy support to 

operate profitably. 

It may be advisable to frequently evaluate the evolution of on-shore wind costs in order to identify how the cost 

gap between on-shore wind and other generation technologies evolves in the future in the province. 

Alberta / CCGT: The business case of new CCGT is very positive in the province. New gas-fired plants appear to 

have slightly higher capital costs than older plants, but this is amply compensated by the very low costs of gas in 

Alberta. 

Alberta / Coal: New coal-fired plants present advantageous business cases to investors if they can operate 

consistently at high capacity factors (45-60%). Plants with capacity factors lower than 45% may find it difficult to 

result in profitable operations, unless they secure higher prices than the market average (though balancing 

revenues, OTC contracts, or other). 
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 Result of 15-20 simulations by country-technology pair using RE-COST model (based on the data obtained in the interviews). 
Incentives are included. 
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CANADA-ALBERTA 
On-shore 

Wind 
Off-shore 

Wind 
Solar PV Hydro CCGT Coal 

# Plants in the database 5 NO NO Approx 2* 3* 

Size ranges (MW)
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 50-80    200-800 250-600 

Business case P    P P 

*Note: Includes data from publications. See Figure 180 

 

Figure 51. Alberta ς Business cases (BC) summary of results 

3.3 Canada ς Ontario 

Given the average costs of generation of new RET (wind, large solar PV) in the, it would be difficult for investors to 

define attractive business cases at the current market prices of electricity in Ontario, Therefore, new RET ς 

including new hydro ς are supported with incentives that enable developers and investors to cover costs and to 

reap a measure of profitability. The incentive scheme in Ontario appears to be adjusted to benefit best in class 

plants. Simulations show that investors in solar PV, on-shore wind and new hydro should be able to define 

attractive business cases in Ontario, if they significantly adjust their costs.  

 

Figure 52. Ontario ς Ranges of unit costs and revenues (US$/MWh)
 97

 

                                                                 
96

 Represent size ranges that can be used in the simulation model, not the sizes of the plants in the database 
97

 Result of 15-20 simulations by country-technology pair using RE-COST model (based on the data obtained in the interviews). 
Incentives are included. 
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Ontario / On-shore wind: Best-in-class on-shore wind plants benefiting from low interest rates (3-7%), 

advantageous turbine prices, and high capacity factors (30-35%) would generate enough profitability to interest 

investors, even with the recent reductions in the level of incentives in this province
 98

.  

Ontario / Large solar PV: The policy changes introduced by the government of Ontario in 2012 appear to be 

putting significant pressure on investors in solar PV. At the current compensation levels for solar PV electricity, 

only plants with LCOE at 300-350 US$/MWh may define profitable business cases in Ontario.  

Ontario / Hydro: The current incentives for hydro generation are sufficient to generate positive business cases for 

new small- and medium-scale hydro plants. But the profitability of new hydro projects is by no means ensured. 

Investors must conduct careful assessments before committing to a given project.  

Ontario / CCGT: New gas-fired plants with contracts with the Ontario Power Authority (OPA) of about 82-142 

US$/MWh
99

 would be profitable. But a gas-fired plant operating without an OPA contract (at market prices), would 

find it difficult to obtain positive business cases. 

 

CANADA-ONTARIO On-shore Wind 
Off-shore 

Wind 
Solar PV Hydro CCGT Coal 

# Plants in the database >10 NO 1* 2* 2* NO 

Size ranges (MW)
 100

 5-200  1-80 10-100 200-800  

Business case Pɻ! 
 Pɻ! P P 

 

*Note: Includes data from publications. See Figure 180 

 

Figure 53. Ontario ς Business cases (BC) summary of results 

3.4 Canada ς Quebec 

Quebec is one of the regions with the highest proportion of hydro generation in the world. Legacy hydro 

generation is the main factor behind the very low prices of electricity in the province.  The reference prices of 

electricity used in the simulations were 27.9 US$/MWh, corresponding to the prices paid by Hydro-Quebec 

Distribution to Hydro-Quebec Production
101

.  As a consequence, new RET need policy support. Quebec supports 

new generation technologies through RFPs (requests for proposal) that enable suppliers to attain higher 

generation prices than it would be possible if they were ǎŜƭƭƛƴƎ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǇǊƻŘǳŎŜŘ ŀǘ άƳŀǊƪŜǘ ǇǊƛŎŜǎέ (See 

Section 6.4). 

                                                                 
98

 Source: Ontario´s Feed-in Tariff Program ς Ontario Power Authority. Original FIT on-shore wind Price 13.5 (CA$ c/kWH), New 
FIT Price 11.5 (CA$ c/kWH) 
99

 Source: Ontario Power Authority. Cost Disclosure ς Generation Supply 
100

 Represent size ranges that can be used in the simulation model, not the sizes of the plants in the database 
101

 Electricity prices are defined by An Act ƻŦ ǘƘŜ wŞƎƛŜ ŘŜ ƭΩ;nergie. 
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Figure 54. Quebec ς Ranges of unit costs and revenues (US$/MWh)
 102

 

Quebec / On-shore wind. The business case of each plant will depend on the specific agreement established by 

the producer with Hydro Quebec, agreement that is not public. However, with the data existing in the public 

realm, it is possible to assert that the current incentive
103

 system in Quebec appears to provide reasonable rates of 

returns to investors in on-shore wind. Section 6.4 discusses in more detail the simulations that have been 

conducted to gauge the results of the business cases for the RFPs that have been called by Hydro-Quebec in the 

last years. 

Quebec / Hydro: Investors in small hydro need to receive policy support to operate profitably. Simulations show 

that investors require at least 70-80 US$/MWh to turn a profit. These compensation levels appear to be in the 

vicinity of the prices paid by Hydro Quebec to small hydro suppliers
104

. 
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Figure 55. Quebec ς Business cases (BC) summary of results 

                                                                 
102

 Result of 15-20 simulations by country-technology pair using RE-COST model (based on the data obtained in the interviews). 
Incentives are included. 
103

 Prices paid by Hydro Quebec in the RFPs for on-shore wind generation carried out by the utility are approximate 
104

 Prices paid in the RFP for small hydro are not available. Data from interviews. 
105

 Represent size ranges that can be used in the simulation model, not the sizes of the plants in the database 
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3.5 France 

Traditionally, the power generation mix in France has been based on a combination of thermal, hydro, and nuclear 

plants. This has resulted in relatively low electricity prices. At the prevailing market compensation levels, new RET 

(on-shore and off-shore wind, and solar PV) require policy based incentives to define positive business cases. The 

incentives defined by French policy makers to support the renewable technologies in the scope of this study 

appear to provide reasonable rates of return to plants in the medium-low ranges of generation costs.  

 

Figure 56. France ς Ranges of unit costs and revenues (US$/MWh) 
106

 

France / On-shore wind: The current FIT for on-shore wind in France appears to provide enough margins only to 

plants in a range of technical and operating conditions which position them in the low ranges of generation cost, 

(50-100 MW, 30-35% capacity factor and 5-8% discount rate).  

France / Off-shore wind: There is significant uncertainty about the levels of costs that off-shore wind generation 

will attain in France once the plants are in operation. However, the simulations conducted using the RE-COST 

database and publicly available data show that the current incentive system would be adequate to develop off-

shore wind. The RFPs recently launched appear to provide participants with enough profitability to invest in off-

shore wind; but the compensation levels established would not result in windfall profits. (Ranges of prices to 

producers have been assumed to be in the range of 200-260 US$/MWh
107

). 

France / Large solar PV: Likewise, the recent RFPs for solar PV in France appear to have been adjusted to provide 

enough margins to investors to ensure their participation in the scheme, while simultaneously avoiding windfall 

profits (117-240 US$/MWh
108

). The scheme, as it is defined at the present, should enable the addition of solar PV 

                                                                 
106

 Result of 15-20 simulations by country-technology pair using RE-COST model (based on the data obtained in the interviews). 
Incentives are included. 
107

 There is no official information about the compensations that will be paid to winners of the recent off-shore wind RPFs in 
France. The prices used by RE-COST, have been obtained from expert interviews, and industry publications 
108

 Source: Interviews and Prysma analysis 
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plants with good levels of generation costs (119-232 US$/MWh). This would favor the introduction of 

breakthrough technologies in solar PV generation. 

France / CCGT and Coal: New non-RET plants (gas and coal-fired) face a challenging situation. These plants need to 

reach relatively high capacity factors (above 60% for coal plants, and 75% for CCGT) to attain positive business 

cases. Reaching these utilization levels is not straightforward in the market and policy conditions prevailing in the 

power sector in France today. As a consequence, most investments in new gas and coal-fired plants in France are 

likely to face profitability issues. 

FRANCE 
On-shore 

Wind 
Off-shore 

Wind 
Solar PV Hydro CCGT Coal 

# Plants in the database 3 1* 3 Approx 2 3 

Size ranges (MW) 10-100 100-600 1-50  200-600 250-600 

Business case ! P P 
 ! ! 

*Note: Includes data from publications. See Figure 180 

 

Figure 57. France ς Business cases (BC) summary of results
109

 

3.6 Germany 

 

Figure 58. Germany ς Ranges of unit costs and revenues (US$/MWh)
110

 
111
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 Represent size ranges that can be used in the simulation model, not the sizes of the plants in the database 
110

 This is an example with data considered for 2012. Any applicable degressions for FIT (incentives) have been calculated in the 
RE-COST model. 
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Traditionally Germany has shown strong support to RET. This has enabled significant development of wind and 

solar PV generation
112

 in this country. Recently, the German administration has updated the schemes and levels of 

support to RET in order to better adapt the incentives provided to the evolving cases of generation for each 

technology. As discussed in Section 6.6, the compensation levels that RET plants may attain depend on a number 

of factors such as technology, plant location, date of commissioning, time in operation, type of scheme used (FIT or 

market premium, etc.). The actual business case of a new plant is going to depend not only on its technical and 

operating characteristics, but also on the actions of the plant managers, and in their ability to proactively manage 

the stream of revenues during the lifetime of the plant. This results in a wide range of potential business cases for 

similar plants. 

Germany / on-shore wind, large solar PV: During 2011 and the first 9 months of 2012, the FIT levels awarded to 

on-shore wind and large solar PV were sufficient to ensure enough levels of profitability to investors in these 

technologies. 50-100 MW on-shore wind plants, with average capacity factor 30-40%, and 5-10% discount rate; 

and 10-50 MW solar PV plants, with capacity factor 20-30%, and discount rate 4-10% appeared to receive enough 

compensation with the FIT scheme. 

The EEG revision in 2012
113

 resulted in changes of the FIT levels payable to new generation plants. Simulations 

show that the new FIT reduces the profitability of new on-shore wind plants, but still provides enough margins to 

generate interest in this technology. However, the newly established FIT for large solar PV makes it difficult for 

investors to define advantageous business cases. If managers opt for FIT payments
114

, only new best-in-class plants 

with low capital costs, high capacity factors, and able to gradually reduce O&M costs over the life of the plant, may 

be able to generate sufficient profits.  

However, managers may also opt for the marketing premium scheme. Simulations show that investors in on-shore 

wind and solar PV may define relatively advantageous business cases for new plants, if they devote the time and 

effort necessary to optimize the returns of their projects. Section 6.6 discusses the potential implications of using 

the FIT, or the market premium scheme. 

Germany / off-shore wind: Off-shore wind farms, which operate at high utilization levels and which benefit from 

accelerated learning and technical improvements resulting in low capital costs, should be able to present positive 

business cases to investors in. However, uncertainty about costs and timing of connection appear to be damaging 

the business cases of some existing plants.  

Germany / hydro: Costs of large hydro plants in Germany are in-line with the market prices of electricity in this 

country. Large hydro plants (>30 MW), with capacity factors equal or larger than 40%, would provide reasonable 

returns at spot and wholesale market prices. For small hydro plants, the business case is positive, but very 

sensitive to the size and capacity factor of the plant. 

Germany / gas and coal: The picture for investors in these plants is mixed. Low capacity factors damage the 

business cases of gas and coal generation. But simulations show that some best in class gas plants (>400MW, 

capacity factor >75%, and financing rates <9%); and some coal plants (>1000MW, capacity factor >60%, and 

financing rates <8%) which receive revenues slightly above the current spot price of electricity, may yield sufficient 

profitability to interest investors in these technologies. In particular, coal plants may have a window of opportunity 

at the present triggered by relatively low prices of coal in Germany, and by the very low prevailing prices that 

emissions have reached (3 US$/tCO2 today versus 10-12 US$/tCO2 of 3 years ago). The main issue is whether these 

                                                                                                                                                                                                               
111

 Result of 15-20 simulations by country-technology pair using RE-COST model (based on the data obtained in the interviews). 
Incentives are included. 
112

 Also biomass had a significant development, but is out of the scope of this study 
113

Revenues: renewable FIT as of 2012 including natural degression; non-RET electricity market prices. 
114

 This may be a transitory situation, because previous rates provided enough revenues for the development of solar PV and in 
the future, current rates may be enough if the cost trends continue as expected. 
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current advantageous conditions will continue during the average lifetime of a coal-fired plant (40 years). Investors 

appear to be interested in the potential profitability of coal in Germany, but may hesitate to commit large amounts 

of capital in the development of additional installed coal capacity, in light of the uncertainty associated to key 

factors of coal generation costs. 

The outlook of generation in Germany may significantly change if prices of electricity increase in the future. For 

example, 20% increase in average prices of generation would put average plants of any technology in the black 

(see Section 6.6).  

GERMANY 
On-shore 

Wind 
Off-shore 

Wind 
Solar PV Hydro CCGT Coal 

# Plants in the database 3 1* 3 (pub) 3 >10 

Size ranges (MW)
 115

 10-100 100-600 2-50 10-100 200-1,000 450-2,500 

Business case Pɻ! ! PĄr P ! P 

*Note: Includes data from publications. See Figure 180 

 
Figure 59. Germany ς Business cases (BC) summary of results 

3.7 Norway ς Sweden  

The joint support scheme in Norway and Sweden consists of green certificates that provide additional revenues to 

eligible RET plants. Some aspects of the scheme are still being evaluated and discussed, especially in Norway which 

did not introduce green certificates until 2012: 

¶ It is not clear yet whether using market prices of attributes is enough to incentivize the development of 

new wind plants, given the low prices that alternative sources of renewable energy have in Norway and 

Sweden (hydro or biomass). However, it may be contended that if the scheme is well defined, increasing 

demand of certificates will increase their prices to high enough levels to cover the cost of new 

developments. 

¶ Some Norwegian sources claim that the scheme may be more advantageous initially for Sweden because 

it has been using it longer, while Norwegian producers have to catch up. 

¶ Differential characteristics in the markets and the environments of both countries may benefit one or the 

other.  For instance, it has been claimed that higher taxes in Norway than in Sweden (for example, 

property taxes) may favor the installation of plants in Sweden. But it could also be argued that better 

quality of wind resources in some regions in Norway could provide an advantage to wind farms in this 

country because they would operate at higher capacity factors. Comparative analyses of the Norwegian 

and Swedish wind plants included in this study do not appear to show statistically significant differences 

in costs of generation, and resulting business cases, (see Figure 149 in Section 6.7). 

Norway and Sweden / On-shore wind: The simulations conducted in the scope of RE-COST show that new on-

shore wind may present attractive business cases to investors in both countries
116

, provided they deploy plants 

                                                                 
115

 Represent size ranges that can be used in the simulation model, not the sizes of the plants in the database 
116

 The price of certificates is set up by the market and should be the same for both countries. Official sources display values 
slightly different: 21-28 US$/MWh (120.1-160.2 NOK/MWh) in Norway and 24-30 US$/MWh (158.6-198.3 SEK/MWh) in 
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that operate in average to best in class costs levels (50-100 MW, 30-40% capacity factor and 5-8% discount rate). 

Green certificates, at the price levels they have reached in the last months of 2012, are able to bridge the gap 

between the costs of generation of new on-shore wind plants, and the average compensation of electricity in 

Norway and in Sweden. 

 

Figure 60. Norway and Sweden ς Ranges of unit costs and revenues (US$/MWh)
 117

 

Norway and Sweden / Off-shore wind: Green certificates, at the average price levels reached in 2012, are not 

enough to compensate investors in off-shore wind projects in Norway or Sweden. Unless additional policy support 

is forthcoming, or unless the price of certificates significantly increases
118

, it is unlikely that investors will be 

interested in this technology in the short and medium terms (up to 5 years from today). 

Norway / Small hydro: Simulations show that investors could obtain profitable business cases from average small 

hydro in Norway (5-10MW, 25-50% capacity factor, and 5-10% discount rate). However, each hydro project is 

different. Plants with high capital costs or poor operational characteristics are unlikely to be profitable. To ensure 

adequate levels of profitability, investors must carefully assess the specific characteristics of each potential project, 

and must ensure that the plants are financially optimized during their lifetimes. 

                                                                                                                                                                                                               

Sweden in 2012. The simulations shown in this section use the same reference price for certificates for consistency (24 
US$/MWh). This price can be modified in the model. 
117

 Result of 15-20 simulations by country-technology pair using RE-COST model (based on the data obtained in the interviews). 
Incentives are included. 
118

 Simulations show that to bridge the gap between the costs of off-shore wind generation, and the average compensation 
levels for electricity in Norway and Sweden, the price of green certificates should be approximately three times higher than 
today. Or conversely, it would be necessary to compensate each KWh produced by an off-shore wind plants with 3 green 
certificates, instead of with one. 
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The truth is that there has been insufficient time as yet to fully gauge the actual impact of the joint scheme. Most 

studies, carried out before it was in place, assert that it may eventually be successful
119

. But the jury is still out. 
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Figure 61. Norway and Sweden ς Business cases (BC) summary of results  

3.8 Spain 

In January 2012, the Spanish government imposed a temporary suspension of additional economic support 

approvals for new generation capacity under the Special Regime
122

. All the plants that were commissioned before 

January 31
st
, 2012 will still receive a FIT. But under the current provisions, new projects commissioned after 

January 2012 will not be eligible to receive incentives. In addition, the RD 14/2010 established operating time 

limits for solar PV installations
123

. This means that in the future, solar PV plants benefiting from a FIT will be 

compensated through the FIT scheme only until the number of generation hours reaches a reference value. Once 

the time limit is reached, the plant will not receive the tariff, and will have to operate at the market prices of 

electricity.  

Throughout 2012 additional provisions have been added to the incentive system for power generation in Spain. 

For example, the Spanish government has recently (2012) introduced a set of fiscal modifications:  new income tax 

(7%) for all technologies operating within the energy sector; a fuel tax (centimo verde) for coal and gas-fired plants; 

an additional tax to hydropower facilities (2.2%-22%); and new taxes for the generation and storage of nuclear 

wastes (See Section 6.8). 

As a consequence of policy changes and the current market situation, the business cases of new plants across all 

generation technologies appear to be rather negative. Most new RET plants do not present positive business cases 

because their costs are still higher than the reference prices of electricity in Spain, and they are not eligible to 

receive the tariff. Non-RET plants (gas- and coal-fired) are suffering from low capacity factors, which significantly 

damage their business cases.  

                                                                 

119
 Source: Goldstein ς A Green Certificate Market in Norway (2010). 

120
 Represent size ranges that can be used in the simulation model, not the sizes of the plants in the database. Data from one 

plant, complemented with publications. 
121

 Ibid. 
122

 See definition of special and ordinary regimes in section 6.8. 
123

 Depending on the climate zone and the technology. 
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Figure 62. Spain ς Ranges of unit costs and revenues (US$/MWh)
 124

 

Spain / On-shore wind. Average to best-in-class on-shore wind plants (25-100 MW, 25-35% capacity factor and 6-

12% discount rate), which were commissioned before 2012, appear to present attractive business cases to 

investors in Spain. But, without an incentive scheme, the business case for on-shore wind is very thin, and only 

profitable for plants that consistently attain compensation levels above average spot market prices (2011). Only 

plants operating on islands, or in very specific locations (off the grid), may provide enough margins to investors to 

be considered as attractive business propositions. 

Spain / Large solar PV. The situation of solar PV is similar to that of on-shore wind. Average to best in class plants 

(10-25 MW, 15-25% capacity factor and 6-12% discount rate), eligible to receive the prevailing FIT before 2012, 

appear to provide sufficient profitability to investors; even though the caps to generation times have reduced the 

profits margins of most operating plants. However, new solar PV plants commissioned after January 2012 are 

unlikely to present positive business cases. Their costs are higher than the reference prices of electricity in Spain. 

The business case of new solar PV plants operating in the grid would be negative.   

Spain / Gas- and coal-fired: New gas- and coal-fired plants need to operate at capacity factors of at least 50% to 

break-even. But not many potential new plants would be able to attain these relatively high utilization levels
125

. 

Although there may be exceptions: plants designed to provide balancing capacity, or to fulfill specific roles in the 

grid may theoretically present positive business cases. But investors appear to be wary: interviews carried out in 

the framework of RE-COST have not identified any real case of new thermal (gas- and coal-fired) plant being 

developed in 2012.  

In these conditions, it is unlikely that many investors will seriously commit to large additions of generation capacity 

in Spain in the short term. 

 

                                                                 
124

 Result of 15-20 simulations by country-technology pair using RE-COST model (based on the data obtained in the interviews). 
Incentives are included. 
125

 Average utilization of these technologies in 2011 was 22% for gas-fired plants and 43% for coal-fired plants 
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*Note: Includes data from publications. See Figure 180 

 

Figure 63. Spain ς Business cases (BC) summary of results  

3.9 Japan 

Figure 64 displays the results of the simulations of the business cases of new generation plants and projects in 

Japan. The relatively high incentive levels awarded to RET reflect the strong interest of the Japanese policy makers 

in the development of alternative sources of generation. 

 

Figure 64. Japan ς Ranges of unit costs and revenues (US$/MWh) 
127

 

Industry interviews and simulations yield higher costs of generation for all the technologies in the scope of the 

analysis
128

. Interviews have confirmed that the high costs observed respond to the special characteristics of the 

Japanese electric sector, with grid fragmentation and poor interconnections between regions, high land costs, and 

high construction costs due to stringent earthquake-related regulations, and to other factors. Independent 

                                                                 
126

 Represent size ranges that can be used in the simulation model, not the sizes of the plants in the database 
127

 Result of 15-20 simulations by country-technology pair using RE-COST model (based on the data obtained in the interviews). 
Incentives are included. 
128

 The ranges of costs calculated are consistent with the ranges provided by Japanese electricity sector. 
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investors may have also to cope with some difficulties when attempting to connect to the networks of the 

EPCOs
129

.   

Japan / On-shore wind: With the current incentive system, even on-shore wind plants that operate in average 

conditions (15-30 MW, 25-30% capacity factor, and 8-12% discount rate), with higher average costs of generation 

than similar plants in Europe or Canada, may be able to realize attractive returns in Japan. But they need to ensure 

connection to the grid. This issue may limit the efficiency of the system. 

Japan / Off-shore wind: Large plants (200-600 MW), with high capacity factors (35-45%), and low rates of finance 

(5-11%) may return reasonable profits to investors. However, since the tariff level is the same for on- and off-shore 

wind, it may be much more rewarding to invest in an on-shore project than in an off-shore project, as higher 

returns at lower costs can be expected. Ensuring connection to the grid appears to become a key factor for 

investors in this technology too. 

Japan / Large solar PV: With the exiting tariffs, large solar PV plants can result in attractive business cases at 

average operating conditions (2-10 MW, 15-20% capacity factor, and 5-8% discount rate). As a consequence, even 

investors who do not incorporate the latest technology breakthroughs in their developments may be able to attain 

relatively high margins.  

JAPAN 
On-shore 

Wind 
Off-shore 

Wind 
Solar PV Hydro CCGT Coal 

Plants in the database 3* 1* 1* 1* 2* 3* 
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*Note: Includes data from publications. See Figure 180 

 

Figure 65. Japan ς Business cases (BC) summary of results  

Japan / Gas-fired: Simulations result in tight business cases (low levels of profitability) for new CCGT in Japan. Only 

plants operating at the spot market price would be profitable. But the spot market in Japan is very small, and does 

not provide a good price reference for the average CCGT plant. Investors may receive lower compensation levels 

for the electricity generated. In the short term, they will likely be cautious, and hesitate to commit to significant 

deployment of gas plants. 

Japan / Coal-fired: The business case of coal-fired generation is positive for average plants (1,000-2,000 MW, 55-

65% capacity factor, and 5-8% discount rate). However, it has to be considered that these results hinge on plants 

attaining relatively high capacity factors. A return to high levels of nuclear generation in Japan, that reduced the 

average capacity factors of coal generation, could damage the future business case of plants based on this 

technology.  

                                                                 
129

 The impact of changes in exchange rate may also contribute to higher costs of some plants. But simulations show that the 
variable exchange rates contribute to costs increases much lower than those of other factors. 
130

 Represent size ranges that can be used in the simulation model, not the sizes of the plants in the database 

ProfitableP r Not profitable! Profitability issues 

Not included in the studyDoes not exist or irrelevant
Region/Technology pairs

(scope of analysis)

ź Uncertain Ą Impact of policy changes
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3.10 General lessons learned ς Support to non-renewable generation  

The analysis of the business cases of different generation technologies allows an approximate assessment of the 

impact of regulation and policies in the business cases of RET and non-RET plants. Incentives to RET generation are 

relatively easy to identify: they tend to be visible; in some cases they depend on market-based schemes; and in 

general are allocated specific budgets. However, evaluating support measures to coal and gas generation more 

challenging. Many of the provisions that affect non-renewable technologies are either purposefully hidden from 

view, or quite difficult to track, even for experts: 

¶ Support measures (or incentives) to traditional generation have been provided for a long period of time. 

It is very difficult to pinpoint cause and effect, translating funds used in the past into current costs of 

generation. For instance, the coal industry has been receiving incentive based support for the best part of 

a century now. Should those incentives be allocated to current costs? How? 

¶ Data are not very visible or are not public. In some cases, support measures to thermal plants are 

provided off-budget by governments and administrations. Examples include tax alleviation policies in the 

U.S. and in some European countries
131

.  

¶ Support measures to non-RET act indirectly over the business cases of generation 
132

. Therefore, it is 

difficult to quantify their specific impact on the costs and revenues of a given plant or project. For 

instance, in 2006 the German coal mining industry received direct financial assistance amounting to 

ϵмΣтлл ƳƛƭƭƛƻƴΦ ¢Ƙƛǎ ŦƛƎǳǊŜ ƛƴŎƭǳŘŜŘ ϵмΣслл Ƴƛƭƭƛƻƴ ƛƴ ƎǊŀƴǘǎ Ŧor the sale of coal for a variety of uses, 

including electricity generation
133

. The U.S. Energy Information Administration estimates that government 

incentives to the coal industry amounted to US$3.17 billion in 2007
134

. It is difficult to accurately evaluate 

how those incentives translate into lower prices of fuel for generation. 

¶ In some cases, measures do not consist of handouts, but of preferential or singular treatment. For 

instance, some coal plants in Germany, Sweden and Spain have allowances that reduce their costs of 

emissions; or have been exempted from schemes targeting emission reductions. This eliminates up to 10-

12% of the potential cost of a coal plant. 

However, the background is slowly changing. Governments and private parties concerted efforts are increasing the 

visibility of support measures. In addition, a growing number of stakeholders are taking measures to control and 

manage the host of policies that affect and incentivize conventional electricity generation. 

¶ There is an increased scrutiny from the public and from public and private institutions that desire to 

unveil incentives to mining, oil, gas and nuclear facilities. Examples include the recent assessment of the 

nuclear generation base in France by the Court des Comptes, and the U.S. Congress efforts to put a figure 

on the amounts of incentives that have been devoted to different productive sectors, including energy 

and electricity. 

¶ There appears to be higher levels of commitment to reduce at least part of the support to non-RET, in 

many cases on environmental grounds. EU directives are forcing some countries to revise their current 

                                                                 
131

 A 2011 report by the OECD concluded that between 2005 and 2010 the 14 leading OECD economies spent up to $75 billion 
every year subsidizing fossil fuel production and consumption. 
132

 The extent in which these incentives to factor cost may have influence the costs of generation is uncertain, but it is very 
likely they have contributed to enhance the business case of coal generation. 
133

 Source: Unweltbundesamt ς Environmentally harmful subsidies in Germany (2010 English edition, 2008 German edition) 
134

 Source: EIA - ¢ƘŜ ǿƻǊŘ ǳǎŜŘ ƛƴ ǘƘŜ ǊŜǇƻǊǘ ƛǎ άǎǳōǎƛŘƛŜǎέΣ ƴƻǘ ǇƻƭƛŎƛŜǎ ƻǊ ǎǳǇǇƻǊǘ ƳŜŀǎǳǊŜǎ 
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polices supporting the fossil fuel sector. For instance, enacting directives that require reductions of 

incentives to the coal industry by 2018. 

The impact of these measures of support to non-RET generation is difficult to visualize, and calculate. Figure 66 

shows an example of how incentives and policies might affect the costs of a coal plant; and compares them with 

the visible incentives provided to an average on-shore wind plant. The combined effect of grandfathering the plant 

to previous emission policies (it does not have to pay them); using subsidized coal (or coal with incentives); and 

adding beneficial tax provisions (3% to income) significant influence the resulting costs of generation. This impact 

may be significant, but would be hidden from plain view
135

.  

 

Figure 66. Sensitivity analysis ς Comparisons between incentives to coal and on-shore wind (US$/MWh)
136

 

  

                                                                 

135
 For incentive definitions, see Section 7. 

136
 Source: PRYSMA analysis. Analyses include data from several countries.  
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4. LESSONS LEARNED ς SUMMARY  

The regions and countries in the scope of RE-COST have enacted policies and regulations that directly or indirectly 

affect the interests of investors in RET and non-RET generation, as well as their appetite to assign funds to a 

specific project. Policies are often cited as one of the main factors behind the success of RET development. But 

non-RET plants are also considerably affected by regional and national policies. As a result, there is significant 

interest by policy makers to evaluate best practices in policy definition, and to assess the potential results of 

alternative policies. 

The analysis of different incentives and support measures in the 7 countries/regions in the scope of this study (see 

Section 5), and the insights attained from interviews and discussions with actors in the electricity system can be 

consolidated in a number of general lessons learned to optimize the process of policy making:   

 

Figure 67. Stages for policy optimization 

1. Define objectives explicitly: The wording of policies ς including laws, decrees, provisions, and other types of 

policy decisions ς should explicitly include the objectives they pursue, not only to justify the policy, but also to 

provide a framework to evaluate the its degree of success in the future. Examples of explicit definition of 

policies include the Norwegian and Swedish common goal for their green certificate scheme:  άdevelop 26.4 

TWh of new renewable energy technologies by 2020έ. Another example is OntarioΩǎ long term energy plan. 

The development of CCGT seeks to attain measurable objectives: άOntario will be coal-free by 2014έΦ  

άhƴǘŀǊƛƻΩǎ ǘŀǊƎŜǘ ŦƻǊ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ŦǊƻƳ ǿƛƴŘ, solar and bioenergy is 10,700 MW by 2018 (excluding 

hydroelectric)έΦ 

¶ Objectives should include different types of factors: They could be quantitative (30% of renewable 

energy by 2020, reduction of current emissions by 20%, etc.); or qualitative (improvement of the 

technology level of the region A, enhance the capabilities in industrial sector B, preserve jobs in region C, 

ensure the security of supply, lower costs of generation, etc.). For instance, the German government 

published in the EEG revision from 2012 new targets of 80% of renewable by 2050 in its energy-mix. The 

Spanish Renewable Energy Plan (2011-2020) established the objective of reaching 20% of renewable 

energy in its energy-mix (in terms of primary energy). 

¶ Objectives should also be easy to understand and to measure. For instance if proposing to reduce 

emissions by a percentage, the basis used should also be explicit (emissions in year 20XX, total amount of 

emissions, types of emissions). KPIs need to be set at realistic levels and measured regularly to guarantee 

the success of the objectives.  

¶ The objectives of policies affecting non-RET should also be explicit.  As shown in the examples above, 

many policies addressing the development of RET include at least some reflections on the impact the 

measures are expected to have on a given set of factors. However, policies that support non-renewable or 

traditional technologies do not explicitly, or even implicitly, define their objectives. In particular, fiscal 

measures tend to avoid explaining the specific value sought, for which stakeholders, and why. For 

example, the Spanish government has recently (2012) introduced a set of fiscal modifications:  new 

income tax (7%) for all technologies operating within the energy sector; a fuel tax (centimo verde) for coal 

and gas-fired plants; an additional tax to hydropower facilities (2.2%-22%); and new taxes for the 

DefineObjectives CommunicateRevise/AmendMeasure ResultsDesign for Value

1 2 3 4 5
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generation and storage of nuclear wastes. But it has not specifically stated how those measures will 

eventually benefit consumers and tax payers. In contrast, Norway and Sweden have introduced a tax 

reduction for on-shore wind άto enhance the development of this technologyέΦ  

2. Design policies for value and results. Taking into consideration a number of factors to define electricity related 

policies may contribute to improve their effectiveness: 

¶ Keep applying the incentives that have proven to be effective to develop a generation technology, and 

which provide reasonable business cases to investors, in so far there is no level playing field between RET 

and non-RET. Examples of policies that appear to provide interesting business cases to investors include 

the FITs for on-shore wind in Germany; the offsets scheme in Alberta; the auctions of on-shore wind in 

Quebec and of off-shore wind in France; the green certificate system for on-shore wind and hydro in 

Norway and Sweden; and the FIT for solar PV and wind in Japan. To support the deployment of RET it is of 

particular relevance to maintain priority feed-in in the regions where it exists, such as Spain, France and 

Germany. 

¶ Make policies comprehensive. When defining a policy, it is necessary to evaluate not only its direct 

impact, but also its ramifications and indirect impact over other stakeholders, and market niches. 

Contemplating the full supply chain and competitive environment of the electricity sector is not easy to 

do, but it may contribute to the definition of better balanced policies. For instance, investors in coal and 

gas plants in France, Germany and Spain claim that their business cases are being damaged by the large 

development of renewable generation triggered by priority feed-in and other incentives to new RET. It is 

not clear that policies for RET development have specifically assessed their ultimate impact in other forms 

of generation, even when these forms of dispatchable generation may be required to ensure the 

deployment of RET, variable generation. 

¶ Make policies visible: Many policies, especially those that affect non-renewable, or traditional generation 

technologies (coal, gas, or hydro) do not consist on visible funds being passed to suppliers, but on indirect 

provisions such as preferential treatment, incentives to factor costs, loopholes or exceptions provided to 

certain plants or sectors, etc (see Section 3.10). Gradually substituting indirect measures of support by 

direct incentives included in budgets, and with explicit caps may contribute to provide the public with 

additional tools to evaluate the results of policies. Examples of slight fine-tuning of policies could include: 

ï Substitute tax incentives to coal plants everywhere by direct grants that can be measured and 

assessed by the tax payers, and by electricity consumers. 

ï Provide information about the total funds used to fund PPAs in Quebec. This might contribute to 

a better evaluation and assessment of their impact on the Quebecois electricity sector. 

¶ Make policies market and operation driven. In the last two centuries, market defined rules have shown, 

in general, more resilience than decisions made by a central authority. This is not an absolute rule. 

Applying strict market rules to generation from new RET would have resulted in a very small penetration 

of RET everywhere, and to higher levels of emissions. However, since market type structures facilitate the 

alignment of different requirements in complex environments, adding the invisible hand to the definition 

of policies may contribute to strengthen them. Examples of market driven policies include the green 

certificates in Norway /Sweden. Examples of operationally driven policies are the Chabot schemes
137

 

(Denmark and Germany) for FIT that benefit technologies based on the highest quality of resources. 
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 TƘŜ ά/Ƙŀōƻǘ aŜǘƘƻŘέ ŘŜŦƛƴŜǎ ŀ CL¢ ōŀǎŜŘ ƻƴ ŀ άǇǊƻŦƛǘŀōƛƭƛǘȅ ƛƴŘŜȄέ Ŝǉǳŀƭ ǘƻ ǘƘŜ ƴŜǘ ǇǊŜǎŜƴǘ ǾŀƭǳŜ ƻŦ ǘƘŜ ŎŀǎƘ flows of the 
project divided by the present value of the total installed cost. The Chabot method defines a system of tariffs that may increase 
or decrease the returns obtained by producers according to elements such as the quality of the wind in one site or another. 
Projects in sites with better wind quality have an advantage over those located in places with lower wind quality. 
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Mixed policies ς policies based on market and operational provisions ς may simultaneously incentivize the 

development of a technology, and maintain a degree of competition. For example, Germany has 

introduced several requirements for wind generation to obtain longer initial FIT payments by connecting 

those payments to plant location, commissioning date, operation period and reference yield to calculate 

tariffs after time.  In addition, Germany has defined a marketing premium scheme that includes market 

pricing elements in the revenues attained by eligible plants. 

¶ Establish limits or caps for the policies. In particular, define limits for the total amounts of (public) funds 

that are going to be devoted to a specific policy. Several of the policies examined in this study contain 

time-related clauses: provisions are valid only for 10, 15, or 20 years; FIT in Germany are paid for 20 years 

plus the starting year of operation; Norwegian and Swedish green certificates will support renewable 

technologies for 15 years or until 2035, whichever ends first; etc. However, time based policies may not 

be enough to prevent funds reaching excessive values not intended by policy makers. For instance, the 

past generous incentives awarded in Spain to RET have resulted in larger than expected public funds being 

paid to investors in RET.  Adding a cap upfront could have reduced the need to define retroactive 

measures to rein-in public expenditures tied to incentives to development of renewable technologies. 

¶ Have the consumer pay for the policy. In some cases electricity policies are partially funded by the state; 

that is, by the taxpayer. This dilutes their visibility and makes them more difficult to track by the public. In 

contrast, when the consumer sees the impact of a policy in his power bill, he is better able to evaluate its 

convenience and value. Examples of payments visible to consumers include (1) green incentives, where 

the electricity consumer pays a mark-up due to the scheme, (2) the German electricity bill, where the 

costs of renewable energy development are displayed by a surcharge or special tax (EEG-Zuschlag), which 

is directly passed onto consumers. 

¶ Reduce the exceptions in the policies. Provisions that limit the applicability of the policies to a narrow set 

of situations (sectors, plants, types of providers, etc.) should be limited. Exceptions increase the 

complexity of policies; make it more difficult to track their true impact; tend to stay forever, even after 

they are necessary; and may produce unintended results, such as technologies with large amounts of 

emissions (coal) being supported at the expense of other, less polluting alternatives (gas). 

3. Measure the results of policies. It would be highly recommendable that, as a matter of course, policy makers 

conduct and publish explicit analyses of the results of policies, at least before substituting a policy by another, 

and after cancelling a policy. For instance, state or national plans for RET development in several of the 

regions in scope include some assessments of the results obtained by the previous version of the plan. Energy 

development plans for 2030 mention the extent of progress made in the implementation of 2020 targets, and 

the reasons for the deviations observed. However, this best practice is not always followed. It would be 

necessary to reinforce some mechanisms to enable the accurate measure of the impact of RET development 

policies in particular, and of policies applicable to the electricity sector in general. Examples of measures that 

would contribute to the accurate assessment and publication of the results of policies include: 

¶ Make compulsory the sharing of information to the parties benefited by a given policy, especially if large 

funds are involved, or if the funds are provided by taxpayers. At the present there is a large imbalance in 

the quality and amount of information that some parties who benefit from policies have (e.g. large 

utilities, plant developers, etc.), and the accuracy of the information managed by policy makers. 

Establishing provisions that encourage owners of plants that receive incentives to share real data would 

contribute to fine-tune the details of future policies.  

¶ Provide adequate resources (tools and capabilities) to policy makers to evaluate results and optimize 

policies. Usually the funds available to the public institutions that craft policies are much more reduced 

than the funds available to the public and private enterprises that benefit from them. As a consequence, 

recipients of incentives are much better equipped to evaluate the ultimate impact of policies and to lobby 
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for policies that benefit them. It would be recommendable that a fraction of all the funds devoted to 

supporting and incentivizing the electricity sector was explicitly allocated to institutions with the specific 

charter of revising the policies that have determined these funds. This would ensure that the manpower 

and analytical tools available to policy makers are sufficient to optimize policies. In particular, providing 

policy makers with updated tools and knowledge comparable to those available to utilities, developers, 

and investors might contribute to the definition of better balanced policies.  

4. Revise and amend policies: Policies should include provisions that enable their amendment, and that adjust 

them when circumstances change. This flexibility has to be balanced with the need to provide stakeholders 

and investors with stable measures and guidance. 

¶ Make policies adaptable: Typical policies commit to actions during relatively large spans of time. This 

provides assurances to investors and reduces their risk levels. However, in the time span in which the 

policy applies (10-20 years), the circumstances of the recipients and of their environment may 

significantly change. Adding clauses that adapt the value of the incentive to evolving levels of costs, 

technology developments, inflation, factor costs, etc. still provides significant assurance to investors, and 

reduces the risk of obsolete policies. Examples of adaptable policies include (1) CǊŀƴŎŜΩǎ ǊŜƳǳƴŜǊŀǘƛƻƴ 

model for renewable energy, which includes a partial adjustment of FIT payments by inflation (40% of the 

FIT is not adjusted); (2) the German EEG, which establishes a degression of FIT payments to represent the 

technological and operational advancement in this technology (1.5% annual for on-shore wind, starting in 

2013). 

¶ Make policies stable. Retroactive or tentative policies should be avoided whenever possible. Examples of 

retroactive policies include those that unexpectedly reduce the compensation of existing plants; policies 

that do not include clear quantitative measures of the incentives provided; provisions that make existing 

policies void (reducing excessively the budget allocated to the implementation of a policy). For example, 

the Spanish Government has recently suspended the incentives for new renewable energy projects. In 

addition, the market premium option has been canceled, and the time of operation eligible for FIT 

remuneration has been limited for existing plants. This lack of policy stability is significantly increasing the 

challenges of investors in RET in Spain. 

5. Communicate and share information. The extent and depth of information provided by policy makers in the 

countries analyzed is very different. Some policies are very opaque, and consist of decisions that do not 

explain their rationale or the expected results. Other policies include a variety of information channels for 

different types of stakeholders: the public, suppliers, consumers of electricity, etc. Communication is an 

important factor to optimize policies, and to obtain support for them. Examples of different communication 

practices and vehicles include: 

¶ Define information channels to ensure communication with different types of stakeholders, and to tailor 

the information provided to specific audiences. The German Bundesnetzagentur, entity responsible for 

grid development, publishes on its website on a monthly basis the management premium payable to 

renewable energy plants under the market premium scheme. Stattnet in Norway and Svenska Kraftnät in 

Sweden display contract prices for green certificates on a daily basis.  

¶ Ensure consultation with the sector. Defining channels to incorporate the views of stakeholders may 

contribute to optimal policies. Different points of view may enrich the processes of policy revision and 

amendment. Defining a variety of channels to access opinions and data is critical to ensure that the 

resulting policy is non-partisan and is balanced. Fostering the interactions between public institutions and 

private companies is of particular importance to ensure that policies are not defined in an ivory tower. 
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5. GENERATION TECHNOLOGIES ς FACTORS AND COSTS 

It is critical for policy makers to have accurate, up-to-date understanding of the costs of generation of each 

technology, and how they are evolving. This section provides a summary of the characteristics of the technologies 

included in the scope of RE-COST
138

, and of the trends that are contributing to change the costs of generation over 

time.  The results shown are based on the data contained in the database that has been built for this study
139

.  

 

On-shore  

wind 

¶ Only utility scale generation plants are included (larger than 2 MW).  

¶ In some cases where the construction of new renewable plants has been almost stopped in the 

last two years (Spain) some 2008-2009 projects have been included in the analysis. 

Off-shore 

wind 

¶ The analysis focuses on plants and projects from 5 countries (France, Germany, Norway, Sweden 

and Japan).  

¶ Data from operating plants and development projects have been complemented with data from 

publications, and with information from projects in other countries (e.g., UK). 

Large solar PV 

¶ Only ground-mount, larger than 1 MW plants are considered. Excluded from the analysis are 

roof-top, domestic and small-scale plants. 

¶ Only solar photovoltaic plants are included. Thermo-solar plants are not in the scope of the 

study. 

Hydro 

¶ A small number of hydro plants have also been analyzed (Ontario, Quebec, Germany, Norway 

and Japan in order to present a benchmark of costs in regions where hydro generation is of 

capital importance.  

CCGT 

¶ Especial effort has been made to obtain data from new gas-fired plants, with a special focus on 

the new designs that optimize operation and costs with low capacity factors. 

¶ Plants of different configurations (different number of turbines) are included. This may 

contribute to increase the ranges of cost results, but the impact is much less important than that 

of other factors such as gas prices, and capacity factors. 

Coal ¶ Only new designs based on supercritical, pulverized coal are included in the analysis. 

Figure 68. Focus of analysis ς Technologies included in the database of plants and projects  

5.1 On-shore wind ς Cost of generation 

Today more than 55,000 wind turbines are installed in the world, accounting for approximately 237 GW of power 

capacity
140

. Figure 69 displays the electricity produced, and the proportion of generation capacity that on-shore 

and off-shore wind generation represented in 2011 in the regions and countries in the scope of this study. 
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 Hydro is not analyzed in detail, having been used as a reference only. Therefore, the accuracy of the data and associated 
analyses for hydro generation is lower than that of other technologies. 
139

 Although the bulk of the assessment considers just new plants and projects, this requirement has been relaxed in some 
cases in order to confirm some of the insights attained. Data from older plants from PRYSMA databases and publications have 
also been used.  
140

 Source: WWEA - World Wind Energy Report 2011 
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Figure 69. On & off-shore wind generation (TWh) per country and percentage of total generation
141

 

Capital costs of on-shore wind plants result from the build-up of the costs of a number of components. As 

discussed in Section 2.5.2, there is no standard method to group and report the key components of capital costs. 

Each of the participants in RE-COST provided a distinctive cost breakdown. The raw data were standardized to 

make the simulation model manageable, and to enable comparisons of data obtained from different actors, and of 

plants operating under diverse situations. Figure 70 shows examples of capital cost breakdowns of wind turbine 

costs obtained from publications
142

, as well as the standard breakdown of capital costs of wind plants used in this 

study. 

EXAMPLE
143

 
Share of total 

cost % 

 
 STANDARD

144
 

Share of total 
cost % 

 

Turbine (ex works) 
Grid connection 
Foundation 
Land rent 
Electric installation 
Consultancy 
Financial costs 
Road construction 
 
TOTAL CAPITAL COSTS 

68-84 % 
2-10% 
1-9% 
1-5% 
1-9% 
1-3% 
1-5% 
1-5% 

 
100% 

  Turbine 
Foundation 
Electric installation 
Indirect 
Land cost 
Pre-financial costs 
Grid infrastructures 
Spare parts 
Project Mgmt. and others 
Contingencies 
TOTAL CAPITAL COSTS 

41% 
12% 
9% 
7% 
2% 
7% 
11% 
4% 
4% 
5% 

100% 

 
 
 

EPC COST = 69% 
 
 
 
 
OWNER COST = 26% 
CONT. = 5% 
100% 

Figure 70. Breakdown of capital costs of on-shore wind 

The costs of wind generation depend on a large number of factors. Effective policies must take into account their 

impact and evolution:  

1. Technical or technology costs consist of the costs of each of the components of the wind plant. As shown in 

Figure 70, the most important cost item is the wind turbine, which represents between 41-84% of the total capital 

costs of an on-shore wind plant. Over time, the effectiveness of turbines has increased, and their prices have 
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 Source: Data extracted from the summary in Figure 98. Data represent on-shore and off-shore generation.  
142

 Source: IEA Wind Task 26 
143

 Source: The Economics of Wind Energy, EWEA Report 2009 
144

 Source: Prysma analysis 
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decreased, as depicted in Figure 71. This has translated into a gradual reduction of the costs of on-shore wind 

generation.  

Accurately gauging the size and speed of this reduction is critical for policy makers, who must define incentive 

schemes high enough to interest investors, and low enough to prevent windfall profits. 

 

 

Figure 71. Wind generation - Impact of height in turbine efficiency and evolution of turbine prices
145

 

2. Market forces. Figure 72 displays the results of a recent study by Berkley Labs, based on data from Vestas for 

the United States market. The graph shows the evolution of turbine prices from 1997 to 2011. Also represented is 

the range of turbine prices of new plants obtained from interviews in the framework of RE-COST (950 -1050 

US$/MW). 

 

Figure 72. Evolution of prices of turbines (2010 constant US$)
146

 

Brisk demand of new wind plants from 2002 to 2008 is considered one of the most important factors behind the 

increase of up to 50% in the worldwide prices of turbines.  Manufacturers were able to set up higher price points 

in a seller market. The onset of the financial crisis, and the associated reduction in demand have triggered the 

opposite effect. In 2011-2012, manufacturers have been willing to heavily discount their products because of 

operating and financial reasons (to eliminate backlogs), or due to strategic reasons (to step over a competitor or to 

win market share).  
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 Source: GAMESA ς Public report:  2011 - ά[ŀ ŜƴŜǊƎƝŀ ŜƽƭƛŎŀ ς ƭŀ ŜƴŜƎƛŀ ƭƝŘŜǊέ ς Data from Bloomberg 
146
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