
Renewable and fossil electricity generation costs compared
Posted by Rembrandt on December 27, 2010 - 3:02pm

To reduce fossil fuel use in electricity generation, the implementation of renewable energy is
supported via subsidies or market mechanisms in many countries. These are required because
the costs of renewable electricity are substantially higher than fossil fuel based power generation.
In this article, the difference in cost structure is made clear by looking at the 2009 industrial and
household electricity price in comparison with short-term cost forecasts for 2015 for nuclear,
fossil, and renewable electricity generation.

Special attention is paid to the difference in interest rates of borrowed capital for energy projects.
This has a large influence on nuclear and renewable energy costs as these require larger upfront
capital investments. For example, nuclear electricity becomes cheaper than natural gas
generation at low discount rates, but more expensive at high discount rates. In case of renewables
at higher discount rates only onshore wind costs fall below household electricity prices in most
countries, while in case of lower discount rates this is also the case for offshore wind and solar
thermal electricity.

Introduction

The future electricity supply of countries is highly dependent upon making choices under
uncertainty. The lifetime of a power plant is at least 20 years and can range up to 60 years, so the
selection of power plant types has a long lasting effect. The costs of fossil fuel or nuclear power
plant inputs is difficult to forecast as events in recent years show, and similarly is it difficult to
forecast the decline in costs of renewable energy.

One of the choices that politicians have to make in the present is how to support renewable
energy sources. Many OECD countries have put in place feed-in tariffs, which provide a fixed
tariff on top of electricity prices to pay for renewable electricity. The idea is to stimulate
renewable electricity to the extent that prices drop sufficiently over a long time period, so that it
will be able to compete with fossil fuel power sources. Opposition to this system comes from those
who think that costs will not drop sufficiently, at least not in the foreseeable future, leading to a
lasting cost burden for society to create access to sufficient electricity supply.

To make an informed decision we, therefore, need to know a lot about different aspects of
electricity generation. Including the technical potential of different electricity sources, how base-
load and intermittent electricity sources can be combined, the requirements and costs of the
electricity grid, and how the costs of electricity generation will develop over time depending upon
technological change and input costs.

In this article a part of the data is provided for such an analysis by outlining the anticipated costs
of electricity generation in OECD countries in 2015, and comparing this with 2009 price levels.
This gives a perspective on how big the gap is between the costs of fossil/nuclear and renewable
electricity generation in the near- to midterm future, as well as an idea about what society can
afford to pay. The costs of electricity storage are not incorporated here, as these are not that
relevant at the renewable electricity shares we are talking about in the near term future.
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The costs of electricity generation at different discount rates

The generation costs of electricity sources for OECD countries are documented in detail by the
International Energy Agency (IEA). Every few years they publish a report on the Projected Costs
of Generating Electricity. The report documents the costs of electricity generation five years
ahead by looking into expected costs of power plants built, as well as some are planned for
construction in the near-term future in the OECD. For the 2010 report data of 187 power plants
have been taken, including 72 renewable electricity power plants, 20 nuclear light water reactors,
27 natural gas fired power plants, 48 coal power plants, and 20 CHP power plants of which most
are natural gas fired.

The calculations take total costs of the power plant during its lifetime including decomissioning in
case of nuclear energy. These are divided by electricity generated during the same lifetime to get
costs per kWh generated. The main financial factor of influence is the interest that needs to be
paid on the capital borrowed for the power plant investment, also called the discount rate. The
IEA includes two interest rates for their cost calculations, 5% and 10%, which provide a lower and
upper bound. Jerome a Paris of the Oil Drum, who works in energy project investment for the
wind sector, informed me that for private sector investments in energy projects 7-8% is a
reasonable interest rate in today's market. Utilities on the other hand are closer to a 5% rate for
long term investments as they are able to borrow very cheaply. A second factor of major
importance are assumed fossil fuel prices. As I do not have access to the full report I
unfortunately do not know what the IEA assumed in this respect.

The data from the IEA report is given in table 1. There median costs and the cost range in dollar
cents per kWh for seven different electricity sources is tabulated. The costs in general vary
widely per source, for example at a 5% interest rate the levelised costs for Nuclear electricity
generation were found to range between 2.9 and 8.2 dollar cents per kWh (in respectively Korea
and Hungary).

Table 1 - Median and cost ranges for seven different electricity sources at a 5%  and 10%
interest rate.
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*The values in this table have been corrected to exclude the price of carbon which is published
in the IEA report.

The price of electricity

Electricity prices for household and industry in the OECD are documented in detail in the Energy
Prices & Taxes report of the International Energy Agency. The differences between industry and
households price levels of this data set were described in detail in a previous post. The importance
of making this distinction in choosing for the type of electricity supply is that there is a large
difference in cost patterns. In nearly all countries industrial users of electricity use the most
electricity and have to pay the lowest electricity price, as the tax burden mainly goes to household
electricity users. The most extreme example is Denmark where electricity prices including taxes
for Industry users are 12 US dollar cents per kWh, while household electricity prices are 36.5 US
dollar cents per kWh. In discussing about the affordability of electricity sources for society it
makes sense to look at both industrial and household electricity prices, and compare these with
electricity generation costs. Often comparisons are only made on the household level which paints
a distorted picture.

The electricity price and costs of nuclear and fossil electricity compared

Figures 1 to 4 give an overview of median OECD electricity generation costs for coal, natural gas,
and nuclear electricity at 5% and 10% discount rates. The numbers used are from the IEA can be
found in table 1. These are compared with the price of electricity in 2009 for 27 selected countries
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at a household and a industry price level. Households and small companies usually pay higher
prices due a different tax structure. Sometimes, such as in my home country the Netherlands,
there are also price agreements between public utilities and large industrial energy users to keep
them more competitive. The industry price level, therefore serves as the lower bound, and the
household price level as the upper bound of the electricity price.

Figure 1 – Industry Electricity Prices (2009) & IEA expected 2015 Non-Renewable Electricity
Costs for 2015 at a 5%  interest rate (large size).

Figure 2 – Industry Electricity Prices (2009) & IEA expected 2015 Non-Renewable Electricity
Costs for 2015 at a 10%  interest rate (large size).
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Figure 3 – Household Electricity Prices (2009) & IEA expected 2015 Non-Renewable
Electricity Costs for 2015 at a 5%  interest rate (large size).
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Figure 4 – Household Electricity Prices (2009) & IEA expected 2015 Non-Renewable
Electricity Costs for 2015 at a 10%  interest rate (large size).
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The electricity price and costs of renewable electricity compared
Figures 5 to 8 give an overview of median OECD electricity generation costs for onshore wind,
offshore wind, photovoltaic solar, and solar thermal electricity at 5% and 10% discount rates. The
numbers used are from the IEA and can be found in table 1. These are compared with the price of
electricity in 2009 for 27 selected countries at a household and a industry price level.

Figure 5 – Industry Electricity Prices (2009) & IEA expected 2015 Renewable Electricity Costs
for 2015 at a 5%  interest rate (large size).
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Figure 6 – Industry Electricity Prices (2009) & IEA expected 2015 Renewable Electricity Costs
for 2015 at a 10%  interest rate (large size)./i>
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Figure 7 – Household Electricity Prices (2009) & IEA expected 2015 Renewable Electricity
Costs for 2015 at a 5%  interest rate (large size).
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Figure 8 – Household Electricity Prices (2009) & IEA expected 2015 Renewable Electricity
Costs for 2015 at a 10%  interest rate (large size).
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Observations

These observations pertain to a comparison between 2009 electricity prices, and the IEA 2015
expected median costs of electricity generation. These should be seen as best available indicators,
not as absolute realities for the short-term future. They do not incorporate fully all factors such as
storage costs, intermittency requirements, and flexibility of electricity generation. For a fully
meaningful comparison incorporating such issues is required which will be the goal of future posts
in this series.

- The costs of nuclear, coal, and natural gas are expected to remain cheaper than all renewable
energy sources in the short-term future.

- The cost of nuclear electricity generation is strongly influenced by the chosen discount rate. At
the 5% interest rate, nuclear energy is less expensive than natural gas while at a 10% interest
rate it is more expensive.

- At a 5% interest rate, the costs of onshore wind electricity are significantly below electricity
prices exluding taxes for households as well as industry in most countries, but this changes for a
10% interest rates where costs rise above industry electricity prices in 22 out of 27 countries.

- The costs of offshore wind electricity and solar thermal electricity at a 5% interest rate are
below electricity prices excluding taxes for households in 14 out of 27 countries, but above prices
for industry. At a 10% interest rate the costs rise above the electricity price for both household
and industry in the majority to all of 27 countries.

- The costs of photovoltaic solar will remain above electricity prices in the short-term future
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regarding what interest rate used or whether household or industry electricity prices are taken as
a reference.

- The costs of renewable energy are in general highly affected by a higher interes rate on
borrowed capital, but this is even more so for solar energy technologies.

End notes

The author is aware that this is only a partial analysis and that it would have been better to:

- Compare electricity costs of different technologies for respective countries, but the author does
not have the data to make such a comparison.

- To also include merit order effects for wind-electricity on the power market in this overview.
Detailed information can be found in this report.

- Include data on the costs of electricity storage and how this affects the price of electricity.

If someone wants to provide specific information on these in the comments that would be helpful.

 This work is licensed under a Creative Commons Attribution-Share Alike
3.0 United States License.
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