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Highlights



Globally, there is a growing shift towards the development and use of renewable and clean energy sources. This is driven,
amongst others, by the large potential of these renewable energy (RE) sources to contribute towards mitigating the negative
impact of climate change.



Most of the RE technologies are, however, still at a relative early stage of market development and have different levels of
technical maturity, costs and consequently development potential. Wind power and solar photovoltaic (PV), for example,
are more technically mature than concentrated solar thermal power (CSP).



Accordingly, the cost of generating electricity from the RE sources is still relatively higher than that of competing traditional
systems, which have a long history of utilisation and accumulation of experience, economies of scale, and benefit from
uncounted externality costs.



For comparison purposes, the concept of a levelised cost of energy/electricity (LCOE) is used to calculate the per unit value
of total costs (including capital, operations and maintenance and fuel costs) over the economic life of the power plant.



Most international studies concur that the LCOE of most renewable energy technologies remains higher than that of
conventional energy systems, but some renewables are becoming more cost competitive in certain markets and regions:
– The cost of wind energy is considered to be competitive with current energy prices in areas with good wind resources.
– Solar PV is expected to reach grid parity in some countries, particularly those with high solar radiation, higher
electricity prices and supportive policy measures.



The economics of the renewable energy technologies are gradually improving, with reported significant declines in the cost
of manufacturing and installing some of the power systems (such as solar PV) as technical advances occur:
– In the case of solar PV, there has been a decline of about 20% in the cost of generating power with every doubling in
installed capacity over the last few decades.
– Wind power has benefitted from design improvements and turbine scaling over a relatively longer period than other
renewable energies and, consequently, the cost of wind energy generation has declined over the last few decades.



This is in contrast with rising costs for the conventional systems, which are largely affected by rising prices of fossil-based
fuels (such as coal, gas etc.).



Additional reductions in costs are anticipated as these technologies undergo further technical learning (e.g. improving
efficiencies of PV modules and wind turbines), but also due to improvements in the manufacturing processes and large
scale production (for CSP in particular).



However, significant up-scaling and deployment of renewable technologies is critical for the realisation of the expected cost
reductions.



In addition, there are other technology specific factors (such as policy and regulatory environments, integration with existing
transmission and distribution systems, financing etc.) that need to be addressed at both the global and national levels.
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Introduction

Rising concerns over climate change, volatile and increasing costs of fossil fuels, disruptions of energy supply, as well as
domestic economic policies that are aimed at creating jobs and advancing sustainable low-carbon-based growth trajectories
have, amongst others, resulted in a shift toward renewable and clean sources of energy.
Consequently, global investment in renewable energy (RE) has risen substantially in recent years. This trend is expected to
continue over the next few decades, as more countries around the globe invest in the development and deployment of RE
technologies.
Furthermore, some RE technologies are relatively mature and commercially deployable (including wind and solar energy), and
have experienced notable cost reductions in the last few years. For instance, significant declines in the price of photovoltaic
modules and wind turbines have been reported since 2009 and 2010, respectively. These reductions have been driven by rapid
technological improvements, increased efficiencies, as well as higher volumes of production (i.e. economies of scale).
Despite the rapid growth in various RE markets, the significant decline in capital costs and the introduction of various policy
support instruments/measures, most RE technologies are still not cost-competitive relative to the conventional technologies for
electricity generation.
Renewables face the challenge of high upfront capital costs, despite very favourable and lower operations and maintenance
costs. However, as these technologies undergo vigorous research, development and demonstration (RD&D), technological
learning, mass production and the attainment of economies of scale at both the manufacturer and plant levels, it is to be
expected that their costs will fall over time.
This report reviews the evolution of such costs, focusing on three particular technologies - namely wind, solar photovoltaic (PV)
and concentrated solar thermal (commonly referred to as CSP). The focus is on the main drivers of recent cost trends and the
potential of these technologies to become cost-competitive over the next two decades.
A brief overview of the current market status of the respective technologies is provided in each section. Cost projections are
based on an increased deployment of these technologies, as estimated by various international studies (in terms of market
growth scenarios).
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General overview of renewable energy costs

Investment costs (relative to expected returns) are the most important factor in determining investment decisions. They vary
significantly from technology to technology, from country to country and from one period of time to another. They are sensitive
to a range of factors, such as a country’s energy dispensation, capital equipment costs, interest rates, manufacturing costs,
labour rates, construction costs, etc. The manufacturing cost alone is influenced by many factors, including capacity constraints
as well as raw material availability and costs.
The cost of conventional power generation varies particularly widely from country to country. This is due to factors such as
domestic fuel resources, subsidies and different ways of accounting or calculating environmental externalities.
The major costs of power supply are incurred at three levels:
 The generation level;
 The transmission level; and
 The distribution of the power.
A rule of thumb used in the industry is that generation accounts for between 60% and two-thirds of the total electricity cost, with
the other two, together with marketing costs, adding up to between one-third and 40%. While all electricity generation
technologies incur certain grid integration costs (falling in the areas of transmission and distribution), the integration of variable
renewable-based electricity production such as wind and solar is more costly than non-variable resources due to the need for
back-up supply and the concomitant balancing of the system, as well as for the reinforcement and long-term development of the
networks.
Electricity generation costs are commonly split into capital as well as operations and maintenance costs. Cost elements such as
developer profit and taxes are generally not included.

CAPITAL COSTS
Capital costs are the upfront costs required to construct a power plant and may be categorised as follows1:
 Civil and structural costs include allowance for site preparation, such as clearing, roads, drainage, underground utilities
installation, concrete for foundations, piling material, structural steel supply and installation, and buildings;
 The supply and installation of mechanical equipment includes major equipment, including but not limited to boilers,
scrubbers, cooling tower, steam turbine (“ST”) generators, PV modules, combustion turbines, as well as auxiliary equipment
such as material handling, fly and bottom ash handling, pumps, condensers and balance of plant (“BOP”) equipment such as
fire protection, as applicable to a given technology;
 The supply and installation of electrical instrumentation and controls (I&C) includes electrical transformers, switchgear,
motor control centres, switchyards, distributed control systems (DCS) and instrumentation, and electrical commodities such
as wire, cable tray and lighting;
 Indirect project costs, fees and contingency include engineering, distributable labour and materials, craft labour overtime
and incentives, scaffolding costs, construction management, and start-up and commissioning. The fees and contingency
include contractor overhead costs, fees and profit, and construction contingency;
 Owner’s costs (excluding project financing costs) include development costs, preliminary feasibility and engineering
studies, environmental studies and permitting, legal fees, project management (including third-party management),
insurance costs, infrastructure interconnection costs (e.g. gas, electricity), owner’s contingency and property taxes during
construction.

1

US Energy Information Administration (2010).
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OPERATIONS AND MAINTENANCE COSTS
Operations and maintenance (O&M) costs can usually be split into the following categories:


Fixed O&M costs, which do not vary significantly with generation, such as:
– Staffing, monthly fees and bonuses paid under operating agreements;
– Plant support equipment rentals and temporary labour;
– Plant-related general and administrative expenses (postage, telephone, etc.);
– Routine preventive maintenance performed on structures and grounds, not requiring shutdown, relating to water, air,
electrical, communication systems and equipment; and
– Other ‘owner’s expenses’ such as site rental, insurance and other administration.



Variable O&M costs, which are production-related costs varying with electrical generation and include the costs of:
– Major maintenance, generally requiring a shutdown not more regularly than once a year. These costs could include
major costs such as for specialized plant equipment, maintenance labour and spare parts;
– Water usage;
– Waste and wastewater disposal;
– Power purchasing incurred inversely to operating hours, and demand charges;
– Chemicals, catalysts and gases;
– Lubricants, consumable materials and other supplies; and
– Fuel-related costs.

OTHER FACTORS AFFECTING ENERGY COSTS
Renewable energy projects are relatively capital intensive, being long-term infrastructure investments. They are generally low in
O&M and incur little if any fuel costs, compared with around 40-70% contribution of fuel and O&M to overall costs in
conventional power plants. Subsequent sensitivity to capital costs could be pushed higher in light of factors such as:
 Long exposure period to counterparty risk for developers and investors;
 Technological and natural risks due to uncertainties in weather / natural conditions, as well as in site and technology data;
 High transaction costs due to projects being more time-consuming and complicated (from the lender’s viewpoint), resulting
from early-stage technology and less experienced developers;
 Policy risks due to not yet adequate regulations, standards and incentives.
Other factors generally affecting energy costs include:


The capacity factor of an energy source2 - the higher the capacity factor, the lower the generation cost in general would
be. For RE technologies (with relatively low load factors compared to, for example, coal and nuclear), costs are very
sensitive to these load factor variations;



The inflation / interest rate scenario and the leverage effect of the cost of equity and debt. The relative weights of debt
and equity in a financing model can have an important effect on the cost / risk relationship: debt is less risky with an often
lower interest, while equity is more risky and thus demands a higher return.

The capacity factor is the amount of energy delivered during a year divided by the amount of energy that would have been generated if the
generator were running at maximum power output throughout all 8760 hours of a year. Alternatively, the equivalent measure of number of full
load hours per year is used, referring to the number of hours over one year during which the generator would have to run at full power in order
to produce the energy delivered throughout the year.
2
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The economics of renewable energy technologies

Renewables come in a variety of technologies, mainly characterised by large fixed costs and low or no variable costs, and
consequently average costs that are much dependent on output levels.
The three technologies discussed in this report all require substantial up-front capital expenditure before any electricity is
generated, incur no fuel costs in relative terms, and low ongoing costs related to operations and maintenance. This contrasts
with fossil-fuel based technologies (or power plants) that require large fuel inputs over the life of the plant. In the case of coalpowered power plants, for instance, large quantities of coal are required on a daily basis, with the cost of these (limited) fuels
having risen constantly in recent times.
Most discussions around the development and deployment of renewable energy technologies often revolve around the issue of
cost – as to whether they are more expensive than fossil fuel based technologies and also whether REs can be produced on a
scale that is large enough to replace fossil fuel technologies. This then requires a calculation of the average costs of the
different technologies, which vary greatly between and within technologies, but also according to different energy markets.
The accepted and often used approach to calculate the real cost of generating electricity from different sources/technologies is
the levelised cost of electricity (LCOE). In simple terms, LCOE represents an estimate of the average (= ‘levelised’) unit cost of
generating electricity3 over the entire operating life of a power plant, covering all investment and operational costs, including the
fuels consumed and replacement of equipment.
Although this approach permits a better comparison of the generation costs associated with different energy technologies, a
general economic analysis of power generation technologies faces the challenge of noticeable differences in cost data across
technology type, plant size, specific country and time period.
The World Bank (2011) asserts that the use of different economic lifetimes for plants under consideration, as well as variations in
capacity factors and the discount rates used in assessing or calculating the levelised cost of electricity for a technology, often
result in different outcomes for these costs. The following sub-section provides a more detailed description of LCOE.

THE LEVELISED COST OF ELECTRICITY (LCOE)
The LCOE is equal to the present value of the sum of (discounted) future costs (allocating expected capacity building over the
period), divided by total production. The calculation is based on an electricity price that equalizes revenues and costs, thus
indicating the minimum price for break-even.

Calculating the LCOE
The LCOE is calculated by using:
 The ‘overnight’ capital cost, being the investment expenditure during pre-construction, the total cost of building the
plant, construction and contingency costs;
 Fuel cost expenditure; and
 O&M cost expenditure, often broken down into:
– Fixed operating cost per energy unit;
– A variable cost component per unit, based on volume of power produced; and
– The carbon emissions cost could also be added, as well as the decommissioning cost.

Other important assumptions and/or input parameters in the calculation of LCOE include:
 The discount rate; and
 Other financial assumptions, including: the capacity factor; the construction period and economic lifetime of the plant;
and other global assumptions such as exchange rate projections, depreciation etc.
3

Cost per kilowatt hour (kWh).
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The economics of renewable energy technologies
Finance charges and cash-flows over the expected lifetime of the plant are imputed (essentially reflecting the opportunity costs
of capital) through using present value capital cost and discount rates. The discount rates make provision for various risk/return
profiles - the higher the discount rate, the higher the overall project costs / interest rates and, theoretically, the shorter the
recovery periods. The discount rate plays an important role in cost projections, with the LCOE in terms of a 10% discount rate
being somewhere between 30% and 50% higher than in the case of a 5% rate.

Applications of the LCOE
According to the International Energy Agency (IEA), the LCOE is the most transparent consensus measure and most widely
used methodology for cost comparisons between different electricity generation technologies and for policy analyses. The
applications of LCOE analyses can include:
 Estimating the costs of producing electricity from a new plant or for a given technology, including assessing the cost
structures of various generation options;
 Analysing various generation options in a given market, thereby determining a least-cost option, adjusting key cost
parameters according to local or regional conditions;
 Evaluating the impact of market changes on generation costs, as well as changes in key assumptions and policies.

Limitations of the LCOE
An LCOE analysis does not, however, adequately provide the cost of implementing specific projects4, which will in any case be
determined by the price set by the regulator. Moreover, the LCOE methodology has the same limitations as other analytical
instruments, including:
 Market realities and risks such as uncertainties and pricing are not reflected;
 The generation cost provided refers to plant level and excludes transmission and distribution costs;
 No indication is provided of a technology’s effect on energy security or environmental sustainability;
 No indication is given of the stability of a technology’s production cost and, therefore, its potential contribution to overall cost
stability is unknown.

LEARNING RATES AND TECHNOLOGY COSTS
The costs involved in implementing a new technology have traditionally experienced a declining trend due to ‘learning-by-doing’
and economies of scale. Such declines in implementation costs may also be caused by: a proliferation of suppliers bringing
about stronger competition; or government policies and RD&D projects resulting in an accumulation of knowledge and
experience; or mandates for given technologies through feed-in tariffs or concession schemes.
Cost reductions take place according to certain technology ‘learning rates’ or ‘experience curves’, expressed as a percentage
decline in the production of one unit for every doubling of the cumulative installed capacity. Its use as a cost ‘forecasting method’
is based on the extrapolation of such historical cost reduction rate.
Global potential will eventually provide a ceiling for cumulative capacity, resulting in the ‘learning rate’ approaching zero. The
wind turbine price graph shown in Figure 4 (page 12) and the PV module graph shown in Figure 8 (page 18) are fine
demonstrations of the ‘learning’ process versus cost.

The IEA in its recent LCOE report states that a study into real-world finance would need to include, among other issues, accounting
conventions, tax laws, the availability of investment incentives, the structure of electricity markets and demand etc. for one particular market
and technology. It could never produce comparable results for a number of different technologies across a number of countries according to
simple, harmonised assumptions, such as those which are indeed possible by way of an LCOE model.
4
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The economics of renewable energy technologies
Significant variations in learning rates occur in the literature, with those recently used by the United Nations Environment
Program (UNEP) illustrated in Figure 1 as an example.
Figure 1: Learning rates for some electricity-generating technologies
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Source: UNEP
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WIND POWER

Introduction
Globally, wind power is the second-largest contributor to renewable electricity after hydro power. This resulted from strong
growth over many years towards a total capacity of around 200 GW worldwide, supplying about 2.3% of global electricity
demand. Wind power makes significant contributions to power supply in Europe and North America, and is increasing strongly
in developing countries such as China and India, as well as in some African countries.
Grid-connected wind power generation accounts for the bulk of installed wind turbines globally. The average capacity of new
grid-connected wind turbines is around 1.6 MW, with the largest turbines currently being at 7 MW and rising, and aggregate wind
farm capacity rising towards 1 000 MW.

Cost trends
A wind farm comprises a number of wind turbine installations, each consisting of a tower on a foundation for anchoring to the
ground and the nacelle on top, containing the main components such as a variable-speed generator, transmission and yaw
drive. The rotor hub links the transmission to a three-blade rotor 60-90 m in diameter and the generated power is converted by
an onboard transformer, led to a collection system below together with power from other turbines. From there it goes to a
substation to step up voltage, for delivery to the transmission system. Other facilities normally include access roads, an O&M
building and electrical transmission interconnection equipment.
Turbines are priced in proportion to their swept rotor surface, while the size of the generator plays a less important role in
pricing. The reason for this is that the surface area actually determines the turbine yield (being the ‘connection point’ of the wind
energy) and not so much the generator’s capacity (which only runs at peak power during a relatively short period of each day).
The energy production per swept area is a better indicator of production capacity than the generator’s rated power capacity.5
At this stage, wind power is one of the lowest priced sources of renewable energy, if not the lowest. Wind power is deemed
‘competitive’ where the resource is strong, especially where the cost of carbon is reflected in energy prices. After the capital
investment is paid off, the cost of producing electricity from wind energy is lower than any fuel-based technology.
If good quality information on the distribution of wind speeds at a site is available, energy production is highly predictable,
contributing to the future certainty of the project and lowering the investment risk. The cost of offshore wind power generation
could be double that of onshore generation, although the quality of the resource is often around 50% stronger, with less
turbulence than onshore areas.
The lifetime cost of a wind power plant can be determined relatively easily, as the project installation and O&M costs, as well as
average wind speed of the site are known, while no provision for fuel or carbon emission costs need to be made. Figure 2 below
provides an illustration of the determinants involved in estimating the overall cost of wind power per unit of energy, indicating the
important elements influencing generation costs.
The cost per unit of wind energy or capacity has exhibited a declining trend, dropping by more than 2% per annum since the
mid-1990s6. Higher average wind speeds flowing through progressively taller towers and thus resulting in higher energy yields
have contributed to this trend, but efficiencies measured in terms of energy supply per square metre of swept motor area
(kWh/m2) also increased due to improvements in equipment design.

5
6

EWEA (2009): The Economics of Wind Energy.
Ibid.
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Figure 2: Determinants of the cost of wind energy

Source: European Wind Energy Association (2009)

Capital cost
For onshore wind plants, specific overnight construction costs 7 recorded in OECD/IEA reports have been between USD1 900
and USD3 700 per kW, with the turbine and tower alone costing between USD900/kW and USD1 750/kW. These amounts
exclude any additional expenses such as system integration costs. Such cost estimates do not normally include exceptional
expenses (e.g. when a project has an unusual impact on its environment due to its specific location) like urban construction rules
or particular land procurement problems.
An example of the cost composition of a wind power plant is provided in Figure 3.
Figure 3: Capital cost composition of a 100 MW wind power plant (USD million, 2010 values)

$8.1

$10.0 $13.8

$25.6

Civil structural costs

$27.8

Mechanical equipment & installation
Electrical control & grid connection
Project indirects (1)
Consultancy & contingency
Owner & land costs
$158.6

1) Includes engineering, scaffolding & construction management

Source: EIA & EWEA

‘Overnight costs’ being investment expenditure during pre-construction, total cost of building the plant, as well as any other construction and
contingency costs incurred before plant commissioning.
7
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This example is largely based on projects in the USA, adding up to some USD244 million for a 100 MW project, or equal to
USD2 438/kW of installed capacity. The major turbine (mechanical) equipment contributes around 65% to total plant cost,
electrical and grid connection around 12%, and foundations and road works some 11%. The remainder are costs associated
with land, management and consultancy services.
Costs can vary substantially from one project to another and between countries, not only due to various turbine sizes, but
particularly because of extra costs related to either grid connection / electric installation or foundation / civil works. These are all
costs related to installation and works (everything except the cost of the power generating equipment) and include foundations,
roads, cabling and transformers, transport / craning, assembly / testing, legal and other administration costs.
Investment and installation cost levels are particularly influenced by factors such as:
 An upward effect due to transportation costs to distant countries, installation costs in mountainous areas and even land
ownership structures; and
 Economies of scale, which can arise in two ways: wind farm size, in terms of the number of turbines, sharing costs of
development, construction and substations; and turbine size, as larger ones cost less per power unit to erect.
The price index of wind turbines, as illustrated in Figure 4 below, exhibited a relatively consistent downward trend through the
1990s up to 2003, when it started to rise apparently due to demand pressure on supply capacities. The latter could manifest due
to a shortage of supply following temporary under-investment in manufacturing facilities (plus the time lag involved in bringing
them on stream). Another explanation (in part) for the strong increases in wind turbine prices post-2003 relates to a period in
which steel prices rose sharply (2008-9), while labour prices also increased significantly.
However, turbine prices should return to lower levels that are more in line with the long-term trend, as supply catches up with
demand and as raw material prices decline, a reversal which may already be visible in Figure 4.
Figure 4: Wind turbine price index trends
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Operating cost
The operating costs of wind power generation depend heavily on the wind resource, with turbines erected at a 35% capacity
factor site being some two-fifths cheaper than those at a 25% site8. Thus, apart from the generic cost factors previously
mentioned, differences in wind power generation costs between countries result from the wind resource, the site selection,
turbine design, as well as the local electricity market structure. Countries with extreme cold climates have reported somewhat
lower availability factors, brought about by higher maintenance periods.
Instead of the capacity factor involved, a site’s generating potential is often measured in terms of the number of full load hours, which refers
to the number of hours in a year during which a turbine would have to run at full power in order to produce the energy delivered throughout the
year, and equal to the capacity factor X 8760.
8
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The various types of O&M costs can change considerably over the lifetime of a plant, especially those related to repair and
spare parts. The latter are partly incurred on an adhoc basis and tend to increase as the equipment ages. O&M costs are also
difficult to estimate (which applies to all renewable energy technologies), due to their relative infancy, fast-changing cost curves
and a lack of comparable cost records. On the other hand, the costs related to insurance and maintenance are based on
standard contracts and thus much more predictable and fixed.
Many different compositions of O&M costs are reported in the literature, with a cost breakdown for some European countries
illustrated in Figure 5. Overall O&M costs (i.e. service and parts, administration, insurance, land rental, purchasing of power and
others) added up to between 1.2€c and 1.5€c per kWh (in 1999 constant prices), averaged over the 1997-2001 period. However,
O&M costs rose from as low as 0.5€c/kWh after commissioning (2 to 3% of total investment costs) to just under 1€c/kWh (5% of
investment) after six years, partly, but not solely due to manufacturer’s guarantees which covered early repair. Conversely, O&M
costs experienced a declining trend for newer and larger turbines due to improved design and economies of scale.
Figure 5: Breakdown of wind power plant O&M costs
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Results from a study of Danish plants indicated a significantly higher cost share for insurance and lower for administration. In
line with expectations, the costs associated with repairs and spare parts fluctuated more than administration and insurance
costs. O&M costs fell by more than 50% when moving from smaller turbines (150 kW) toward larger ones (600 kW).

IEA case study
A cross-country IEA survey of the financial costs of onshore wind energy indicated the factors impacting on cost parameters, as
recorded for a number of developed countries (i.e. Denmark, Germany, the Netherlands, Spain, Sweden, Switzerland and the
USA). It should be noted that most of these factors are also applicable to other RE technologies. A summary of the factors
deduced from country information is provided in Table 1.
When considering the spread of the four country-specific cost-determining parameters, the energy production cost parameter
(the capacity factor or level of full load hours experienced at wind power plants at a particular site) has by far the largest impact
on electricity cost, followed by the investment costs. The O&M cost also seems to have a significant impact on cost variations
between countries, although it might partly result from the relative reliability of the data from different countries. Financing costs
represent the smallest source of impact on relative electricity cost.
Smaller wind turbines are more expensive to install than larger ones (per power unit for grid electricity), partly because of
relatively higher towers, but mainly because electrical connection and control and maintenance form a higher proportion of the
cost of the whole system. Complete clarity on the most cost-effective size of a turbine still seems to be non-existent. As
previously stated, the major criteria for cost is to minimize the cost per unit of energy delivered, which is not exactly the same as
maximizing the capacity factor. The wind climate is an important factor in this regard, and thus the size of the rotor relative to the
generator.
13
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Table 1: Factors impacting on 4 major electricity generation cost parameters in certain developed countries
Cost parameter

Upward effect on cost

Downward effect on cost

Energy production
cost/ full load hours

 Land constraints force project development into sites with
poorer wind resources.
 Limited mountain accessibility - lower average resource
potential (Switzerland).
 Limited transmission access.

 Unlimited availability of sufficient wind
resources (USA).

Investment cost

 Feed-in tariff based on full load hours –
 Feed-in tariff subsidy based on full load hours – larger
smaller turbines installed, as subsidy is
turbines installed to maximize subsidy per full load hour.
capped at maximum full load hours.
 Project development at sites with poorer wind resources –
 Grid interconnection cost paid by end-users,
the need to construct higher towers, larger rotors.
not project developers - excluded from
 Mountainous sites – higher investment costs (Switzerland).
investment cost.
 Simplified procedure for grid interconnection
(Sweden).
 Quantity discounts for larger projects, if
combined with economies of scale.

Operations and
maintenance cost

 Limited experience in O&M and high labour cost.
 Accessibility difficulties (mountainous terrain).
 Turbine icing / turbulence (northern Europe).

 Larger project sizes (USA) – less component
stocking and periodic site inspections than
smaller projects.

Financing cost

 High equity ratio – equity return typically higher than debt
interest (USA - subsidy on equity financing).

 (Onshore) wind projects viewed as low risk
ventures.
 High debt ratios ranging between 70% - 80%
(excluding USA).

Source: International Energy Agency

Areas of potential technological improvement
Over many years, innovation in wind power generation has led to considerable cost reductions through many improvements of a
varied nature, not least due to the increasing size of turbines. However, at some size the increase in the cost of a larger turbine
will surpass the resulting increase in energy output due to the fact that incremental mass and cost increases are higher than
corresponding output increases, notwithstanding an on-going decline in the weight-strength ratios of improved materials.
Continued advances in RD&D, equipment design, manufacturing processes, as well as basic science, are needed to ensure the
development of lighter, less costly, more reliable and higher-performing wind turbines. Various areas of potential opportunity for
further cost reductions are listed in Table 2.
The importance of cost-effectiveness in turbine development demands materials with increasing strength-to-mass ratios. Ongoing technological innovations are also needed in energy capture (by rotors) at low speeds or under difficult weather and terrain
conditions, as are reduced O&M requirements, power systems flexibility / smarter grids, and education and training programmes.

14
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Table 2: Prospects for technology improvement and innovation in onshore wind power
Area of activity

Potential advances / improvements

RD & D programmes







Advanced tower design

 Taller towers in difficult locations
 New materials and/or processes, structures and foundations
 Self-erecting or climbing cranes

Advanced rotors and blades design






Advanced materials, such as fibre composites
Improved structural-aero design and manufacturing
Active and passive (smart-blade) pitch controls
Higher tip speed / lower acoustics

Reduced energy losses and improved
availability (reduce damage risk)






Reduced blade soiling losses
Damage-tolerant sensors for monitoring
Robust control systems
Prognostic maintenance

Advanced drive trains (gearboxes,
generators, power electronics)

Reduced weight through:

Development of turbine technology and components
Manufacturing processes
Electric system and grid integration
Siting, wind resource and environmental concerns
Offshore deployment and operations

 New materials, fewer / direct gears, low-speed generators
 Permanent-magnet generators
 Distributed gearbox topologies
Grid-code compliant power conversion through:
 Medium-voltage equipment
 New higher-voltage circuit topologies
 New higher-capacity semi-conductor devices

Underpinning science

Further enhancement of basic understanding is needed of:
 Wind conditions affecting turbines to further improve design
 Wind power plant siting and array effects to minimise energy capture
degradations
 Mesoscale atmospheric processes to improve resource assessment and
forecasting methods
 Global and local climate effects through better understanding of historical
wind resource trends

Source: Intergovernmental Panel on Climate Change
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SOLAR PHOTOVOLTAIC POWER

Introduction
Solar photovoltaic (PV) capacity increased by about 17 GW in 2010, bringing the total global installed capacity to about 40 GW.
Considering that only around 5 GW capacity was installed by 2005, solar PV has remained the world’s fastest growing power
generating technology. Falling costs, government policy support measures (e.g. feed-in tariffs), increased investor interest,
increased fossil fuel price volatility and environmental externalities (i.e. GHG emissions) were largely responsible for this
impressive growth. At about 30 GW installed capacity, the EU dominates the global PV market, with Germany and Italy taking
the lead. Preliminary estimates from the European Photovoltaic Industry Association (EPIA) point to another spectacular
performance in 2011, with just over 27 GW estimated to have been added during the year.
Despite its phenomenal growth, PV’s contribution to total installed electricity generation remains relatively negligible and still has
a number of challenges to overcome. Amongst these is the relatively high cost of solar PV, which has constrained its large scale
adoption. However, its economics are changing as reflected in the reported cost reductions in recent years.

Breakdown of investment costs
Capital costs, the solar resource and the discount rate are the key parameters governing the overall cost of generating power
from solar PV. However, other costs are involved, including operations and maintenance costs. With capital costs taking the
bulk of the overall cost, it is envisaged that these will provide the largest opportunity for cost reductions.
Capital costs may be segmented into the following two broad categories:


The module: made up of PV cells that incorporate silicon feedstock prices, cell processing and module assembly costs.



The balance of system (BOS): this comprises structural system costs such as structural installations, racks (frames), site
preparation and other attachments, as well as electrical system costs, which include the inverter, wiring, transformer and
electrical installation costs.

An example of the cost breakdown for a wafer-based crystalline silicon (c-Si) utility scale PV system, which is considered the
most mature PV technology, is provided in Figure 6.
Figure 6: Cost breakdown of a c-Si utility scale PV system (USA)

Silicon feedstock
= 21%

Mounting & Racking
equipment = 17%
Wiring = 9%
System design, management
& marketing = 10%

Balance of cost/
installation
44%

Installation labour = 26%

PV Module
50%

Cell processing =
26%
Module assembly
= 41%

Inverter
6%

Source: US Department of Energy (2010)

Cost trends
Studies conducted by various institutions, such as the IEA and the EPIA, concur that there has been a consistent decline in the
cost of solar PV generated electricity, particularly for utility grid connected systems. Economies of scale and technology
improvements have been the main drivers behind this steady cost reduction.
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According to SunPower, advances in solar cell technology, conversion efficiencies and system installation have helped utility
scale PV systems to achieve cost structures that are approaching competitiveness relative to other peaking power sources.
Simultaneously, the general trend towards fewer and larger vertically integrated companies has increased competition and price
pressure, resulting in synergies between different parts of the supply chain.
Despite the substantial decline in solar PV prices over time, the levelised cost of electricity generated from this source is
reportedly still higher than wholesale market prices for electricity. However, in certain markets with high insolation levels and
high peak electricity prices, competitiveness levels with retail prices are reportedly within reach over the next three to ten years
(IPCC, 2011). Nonetheless, this suggests that further growth in this market is likely to continue being sustained by existing
financial support measures for some time.
As previously mentioned, differences in cost data across technology types, countries and plant sizes make the assessment of
comparative costs of electricity generation projects particularly challenging. The prices of various components (e.g. turbines,
generators, steel, cement) used in a power plant, cost of labour, financing options, different power markets (e.g. off-grid versus
centralised grid-connected), as well as various policy instruments and measures, among others, can vary significantly across
countries and projects.
In the case of the PV systems, the levelised cost of electricity (LCOE) is mainly a function of the cost of the individual
components of the PV system, the cost of balance of system (BOS) components, the labour cost of installation, operations and
maintenance costs, the lifetime of the plant, the discount factor, the location of the plant, as well as other factors that are likely to
affect the performance of the overall system (including the replacement of equipment).
Discussions on solar PV cost reduction often revolve around the PV module / panel (and its price), as this is considered to be
the most important cost driver and constitutes the largest component of the investment cost of the total PV system. Estimates
put the module price at around 45% - 60% of the total installed system price, but this depends on the segment (e.g. residential,
commercial or utility-scale) and the technology (i.e. thin film or crystalline cells). The BOS components are the second largest
cost category, with the inverter being the highest cost item. The operations and maintenance costs associated with PV
generation are normally in the range of 0.5% to 1.5%, annually, of the overall initial investment costs.
The following explores the different elements / components making up the total PV system and the potential for cost reduction.

PV module
According to the EPIA, there has been a remarkable decline in the cost of PV systems for some decades, with the price of PV
modules falling by over 20% for every doubling in cumulative volume capacity (learning factor). According to Bloomberg (2010),
the global average price of a PV module at factory level has fallen from USD22/watt (at 2005 prices) in 1980, to less than
USD1.5/watt in 2010, while in Europe the average price of a PV module has reportedly declined by almost 70% between 2000
and early 2011. Price movements for silicon-based PV modules in Europe are illustrated in Figure 7.

Figure 7: Average price of silicon PV modules in Europe

Source: European Photovoltaic Industry Association (2011)
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In the period prior to 2004, the production costs of PV modules exhibited a steadily declining trend. The latter followed the
classic learning curve behaviour as capacity increased, or displaying a historical learning rate of around 20% as shown in Figure
8 (i.e. capital costs have fallen by 20% for each doubling of capacity).

Figure 8: Experience curve for silicon PV modules: learning rate of 19.3%

Source: Melbourne Energy Institute (2011)

Between 2004 and 2008, PV costs did not follow the historical learning rate. This was attributed to various industry market
dynamics, supply chain issues and profit margins. The most important factor was the global shortage of solar-grade polysilicon,
which is the key raw material used in conventional silicon solar cell. Rapid growth in PV demand over this period was mainly
responsible for the shortage, pushing the spot market price of polysilicon for some transactions to just over USD450/kg, from
around USD25/kg in 2000. This raised the production cost of solar panels to very high levels relative to the historical learning
curve. A secondary effect was that the solar cell manufacturing cost also suffered, as silicon-constrained manufacturing plants
became underutilised.
However, since 2009, the costs have declined and are approaching the historical learning rates. Some of the contributing
factors included the rapid expansion of manufacturing capacity, as well as some improvements in, and new silicon purification
process technology. Solar cell manufacturers reportedly improved their utilisation of silicon, reducing the amount of polysilicon
that is consumed to manufacture a watt at the solar cell level. SunPower (2008) reported that this declined from 13 grams/W in
2004 to 6.3 grams/W in 2008, with expectations of further reductions to 5 grams/W.
The declines in both the use of silicon and the price of silicon underpinned the sharp drop in the cost of PV modules between
2009 and 2011. Furthermore, certain manufacturers entered into new and long-term contracts for silicon at relatively lower
prices. With production capacity rising from 2009, contract and forward prices for silicon fell to around USD100/kg. The entry of
new players (e.g. Chinese companies) in the production of PV grade silicon feedstock is changing the supply/demand dynamics
in a market that has traditionally been dominated by Germany, the US, Japan and the Republic of Korea.
The rapid decline in the cost of solar modules has shifted the attention to the balance of system costs, which have remained
stubbornly high and have even increased in certain regions (as a percentage share of the total cost of an installed solar system).

Balance of system cost s
The BOS costs are largely influenced by the type of PV system installation and tend to vary widely between 20% (for a simplified
grid-connected system) to about 70% (for an off-grid system). A standard ground mounted system generally costs about 40% of
the total installed system. Given their relatively large contribution to the PV system, achieving cost reductions in this component
is also necessary.
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A few studies estimate that the BOS component as a whole has learning rates that are similar to those of the PV module,
ranging between 19% and 22%, but the inverter seems to have a lower learning rate of 10%.
According to international industry experts9, reducing BOS costs is arguably more complicated than is the case with PV
modules. This is attributable to the fact that this industry is fragmented and made up of many different players, from installers to
suppliers, regulators, utilities, building owners etc. Furthermore, this component is less vertically integrated than the upstream
production industries. Nonetheless, this renders the BOS component to a number of potential cost reductions through mainly
technological improvements and economies of scale.

Areas of potential technological improvement


Physical design of the PV system: Cost reductions can be achieved through the following:
– Electrical systems: The inverter, which is estimated to contribute up to 10% to the system costs, holds an important
opportunity for breakthroughs in technical design. The newly designed inverters can simplify system design and
installation, and even increase energy yield. In addition, increased integration between inverter processes and
module electronics can be done, and especially designed BOS components can also contribute to the reduction of
module components’ costs.
– Structural improvements: Reducing the number of components required for the structural system could result in
significant cost reductions, according to Rocky Mountain Institute (2010). It is estimated that the cost of the structure,
particularly the racking system, can make up to 40% of BOS costs, with exposure (i.e. resistance) to wind forces being
a major factor that affects structural design. Therefore, efficient design to reduce exposure to wind (i.e. through
deflection, spacing etc.) could reduce structural costs. In the case of the racking system, utilisation of the rigid glass
as a part of the structural system can reduce structural costs.
– Installation costs are another element where cost reductions can be achieved. Automated equipment and preassembled components could result in less labour time and costs. These efficiencies are expected to come about
through experience, economies of scale, learning and standardisation.

Economies of scale and volume effects
Growing the level of component standardisation could help drive economies of scale and subsequently result in high volume
manufacturing. Both the manufacturing of pre-assembled components (through standardisation) and volume increases offer the
potential to reduce the costs of installation and those of components. However, this would require greater cooperation (and
perhaps consolidation) among industry players. Furthermore, this will be subject to a number of other factors such as site
topography, sunlight obstruction, climatic differences etc., thus suggesting standardisation at a very basic level.

Concluding remarks and cost projections
While there have been specific declines in the different components of the total PV system, the IPCC (2011) reported that the
average investment cost of the total PV system has also been on a downward trend. This is likely to continue in future years as
PV technology and markets mature.
However, as mentioned earlier in this section, there are clear differences from region to region and across market types. During
the course of 2010, for instance, the average price of PV systems in Germany fell to €2 864/kW (or about USD3 315/kW) for
systems below 100 kW, compared to €5 000/kW early in 2006.
Current cost trends for solar PV, as derived from the learning curve (which assumes a learning rate of 18%), indicate that the
reductions achieved thus far are likely to continue, with specific investment costs expected to decline as much as 70% by 2030,
compared to current levels.
9

Based on the findings of the Rocky Mountain Institute industry workshop held in September 2010 – ‘Achieving low-cost solar PV’.
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However, it is important to note that the expected cost reductions are based on increased cumulative capacity, which has been
projected by the IEA at 3 155 GW by 2050, and thus are not a function of time. This, therefore, presupposes continued
technological and market development.
For example, in the case of wafer-based crystalline silicon (c-Si), which is considered the most mature PV technology,
improvements are still being made and considered. These include raising the efficiency and lifetime of the c-Si cells, as well as
reducing the thickness of cells (hence lowering the amount of silicon used). The envisaged reductions in investment costs are
depicted in Figure 9.
Figure 9: PV price forecast for a utility-scale system
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CONCENTRATED SOLAR POWER

Introduction
The concentrating solar thermal power market, or CSP market, has often lacked the dynamism experienced in the PV solar
markets. Following a long period of a lull in the industry, there has been a resurgence of interest in CSP technologies in recent
years, with about 740 MW of capacity added between 2007 and 2010. This brought global installed capacity to about 1 095 MW.
A favourable investment environment created by the introduction of policy support measures (e.g. feed-in tariffs, tax incentives)
supported this increased interest.
Parabolic troughs represent the most mature of the different CSP technologies 10 and reportedly constitute most of the global
installed capacity, as well as of the projects under construction and in planning.
Spain and the USA currently dominate the CSP market. In addition, several gigawatts of CSP plants are under construction or
being planned around the world. According to the IEA, global CSP capacity could exceed 17.4 GW by 2016, if all these projects
are built on time. However, the cost of generation, which is estimated at about twice that of conventional combined cycle natural
gas11, remains a major issue in CSP, despite its advantages over conventional electricity generation.

CSP technologies include parabolic trough, central receiver/power tower, linear Fresnel reflector and dish systems.
NREL and Sandia National Laboratories, 2010 estimated a levelised cost of between 8ȼ/kWh to 12ȼ/kWh for natural gas combined cycle
plants vs. 19ȼ/kWh to 24ȼ/kWh for CSP.
10
11
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Breakdown of costs
The main components/systems of a CSP plant generally include: the collector (solar field); the power block; and an optional
thermal storage system (refer to Figure 10 below, which illustrates a power tower technology, or a central receiver system).
Depending on the type of CSP plant, the components of the solar field vary (with heliostats in the case of tower CSP, or
mirrors/reflectors in the case of parabolic trough CSP). The solar field constitutes the largest share of both capital and O&M
costs. While specific equipment is used for the power block, such equipment may also be used in conventional power stations
and, hence, its supply is ample and readily available.

Figure 10: Schematic presentation of a molten-salt solar power

Source: IEA/OECD (2011)

In the case of thermal storage, the molten salt used constitutes the major cost for the storage component and has very few
suppliers. This is partly due to the fact that few plants in the world have commercially installed this optional plant component.
In CSP, capital costs normally include all the costs of solar components (i.e. solar collector field, heat transfer, piping and
storage subsystem), as well as those of the thermodynamic power cycle components. Operations and maintenance costs
consist of plant operation, solar field maintenance costs (labour and materials), as well as feed and cooling water. Labour costs
and solar field parts and materials are estimated to contribute over 70% of total O&M costs.

Table 3: Components of a parabolic trough power plant
Parabolic Trough Power Plant
Solar field

Thermal storage

 Molten salt
 Receiver
 Hot tank
 Mirror
 Cold tank
 Support structure
 Heat exchangers
 Tracking
 Pumps
 Piping
 Heat transfer fluid (oil)
 Heat transfer fluid pumps
 Heat exchanger
Source: MENA Assessment Report on Potential of CSP (2010)

Power block






Turbine
Generator
Condenser
Pumps
Heat exchangers





Fossil boiler (optional)
Cold tank
Balance of plant
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CSP plants require an enormous upfront investment, with the capital outlay accounting for about 80% of the electricity
generation cost. O&M costs and plant insurance costs claim the remaining 20%.
To determine the contribution of the various components to the overall investment cost of a CSP plant, a reference Spanish
plant with 50 MW capacity and a 7.5 hour storage capacity was used. Based on the breakdown of costs, the solar field
component accounted for most of the costs at about 38.5%, while total labour costs were approximated at about 17%. The cost
breakdown is illustrated in Figure 11, with a more detailed breakdown provided in Annexure A.
Figure 11: Investment costs of a 50 MW trough plant with a 7-hour storage
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Cost trends
High upfront investment costs and rising O&M costs have been the main constraining factors for the large-scale implementation
of CSP, more so if the level of solar irradiance is not high. The IEA estimates that the current investment costs for large trough
plants (50 MW) range from USD4.2/W to USD8.4/W. This varies according to labour and land costs, the amount and distribution
of direct normal irradiance (DNI), as well as the amount of storage and the size of the solar field. Storage costs tend to push
investment costs upward, particularly in areas with low DNI (i.e. around or less than 2 000 kWh/m2/year).
CSP plants are highly capital intensive. Hence, the cost of electricity generation is largely influenced by capital costs and the
resource, having been estimated at between USD0.18/kWh and USD0.30/kWh depending on these two factors. Continued
investment in research and development for improving technology and efficiency is imperative to bring down the cost of
producing electricity from CSP.
Predicting cost curves for CSP is often constrained by its less mature development as a technology when compared to other RE
generation technologies, such as wind and solar PV. Based on the limited experience provided by the older CSP plants built in
the USA in the 1980s, as well as by the experiences of solar PV and wind, illustrative learning rates of between 10% and 20%
are used.
With only about 1 GW of installed capacity (compared with 200 GW and 40 GW for wind and solar PV, respectively), CSP has
great potential to improve electricity generation costs through the combination of ‘learning through doing’, technological
innovation and improved conversion efficiencies so as to drive capital costs downward. A significant ramp-up in the building of
large-scale CSP plants is expected to achieve economies of scale and foster learning curve cost reductions.
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Expectations are that investment costs are likely to decline as larger plants are constructed (scaling up from 50 MW plants to
about 200 MW plants12) and as plant performance efficiencies increase. A subsequent fall in the prices of components, as a
result of mass production and increased competition among technology providers, is anticipated to be another factor that will
drive investment costs downward in future.
Given that CSP technologies are still developing, it is estimated that the improvements that are likely to occur should cover most,
if not all activities along the CSP value chain - from mirrors to receivers, working fluids, power blocks, cooling systems and
automated control and maintenance systems.

Cost projections for CSP
The IEA predicts a potential decline of about 30% to 40% in investment costs by 2020, while a more recent study conducted by
consulting firm AT Kearney in collaboration with the European Solar Thermal Electricity Association (Estela) expects a decline in
the levelised cost of electricity in the order of 45% to 60% by 2025. The results of investment cost reductions based on the AT
Kearney and Estela study, as well as the contribution of the different components, are summarised in Table 4. Such results take
into account all the various CSP technologies (e.g. parabolic troughs, power tower, dish and linear Fresnel technologies).

Table 4: Estimated cost reductions by 2025
Levelised cost of electricity reduction

2025

Total plant LCOE

45-60%

Economies of scale

21-33%

Efficiency increase

10-15%

Technology improvements

18-22%

Technology

Mirrors

Mirrors

improvements

parabolic

flat

2020

25%

25%

Receivers

25%

Steel

Storage

Molten

structure

tank

salt

30%

20%

15%

Source: ESTELA (2010)

The cost reduction estimates are likely to be realised based on a number of considerations. The expected market growth in
various regions of the world, taking into account the policy incentives already in place, is anticipated to lead to a deployment of
about 30 GW of CSP and double that by 2025.
With this market growth and the scaling up to larger plants of about 200 MW (or multiple, modular smaller-sized plants), it is
envisaged that economies of scale and technological improvements will be realised based on the reduction in costs of the
engineering, construction management and planning categories, as well as reductions in the cost of individual components
(mainly driven by the mass production of CSP components).
In addition, technical efficiency improvements are likely to come about through, for example, increasing operating temperatures
to levels that enable much-improved steam turbine efficiency and thus lower the cost of thermal storage (in the case of molten
salt storage).

In terms of economies of scale, a 50 MW plant is not considered an optimal plant size, hence some of the new CSP projects are aiming for
much higher plant capacities, ranging from 200 MW to 250 MW.
12
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Numerous studies and analyses based on the LCOE have been done internationally to calculate and analyse the cost of energy
generation through various traditional and renewable energy technologies.
In South Africa, the method has been applied, among others, for the following purposes:
 In the development of Long-term Mitigation Scenarios (LTMS) for South Africa, by the Energy Research Centre (ERC) at
UCT, for the Department of Environmental Affairs and Tourism (2007);
 For the determination of Renewable Energy Feed-in Tariffs (REFITs) by NERSA (2009/10);
 In the development of the Integrated Resource Plan for Electricity (IRP), by the Department of Energy (2010/11); and
 For a number of reports on RE development and policies by the ERC (2007-10).
As discussed above, learning rates / experience curves are having a declining cost effect on all developing technologies, both on
the ‘overnight’ capital cost (i.e. the initial capital expenditure before commissioning) and on energy generation costs over the
plant lifetime. The impact of learning rates on ‘overnight’ capital costs alone for some technologies, as assumed in the IRP, is
shown in Figure 12 below (in 2010 rand values). A low 7% learning rate was assumed for wind, with a significantly higher rate for
solar power (for which a low 10% was applied by IEA, according to the IRP), especially for CSP up to 2017. The IRP does not
provide details on the calculations.

Figure 12: Impact of learning rates on the overnight capital cost13 of generating capacity
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The biomass capital cost illustrated above represents that of municipal solid waste (MSW), which is double the cost of forest
waste and three times that of bagasse.
The electricity generation cost is assumed/estimated by the University of Cape Town (UCT) to be in the following ranges (also
depicted in Figure 13 below):




Wind: R0.80/kWh – R0.90/kWh, declining to R0.60/kWh by 2030;
PV: R2.70/kWh, declining to just above R1/kWh by 2030;
CSP: R140/kWh, declining to some R0.80/kWh by 2030.

The above approximate the competitive pricing level over the next two decades, whereas supercritical coal (SCC), as utilised in
Medupi for example, could remain around the R0.50/kWh level over the whole period (see Figure 13).
These would compare favourably, by 2030, with Eskom’s target of just below R0.90/kWh, rising from an average cost of
generating electricity in the order of R0.11/kWh in 2010.

13

The cost refers to a 10 MW concentrated PV plant, 125 MW parabolic trough CSP plant, a 200 MW wind plant and a 25 MW biomass plant.
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Figure 13: Possible evolution of levelised cost of electricity generation in South Africa
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Figure 13 represents one scenario of the development of the levelised cost of generation, but many different scenarios could be
formulated. Assuming higher learning rates would bring down future costs even further.
With wind power depending heavily on the strength of the wind resource, wind energy in South Africa might experience an even
stronger downward cost curve in more efficient wind areas. Although solar PV would appear to remain in a less competitive
position until 2030, improved data could have a much lower cost outcome.
Applied learning rates are subject to much uncertainty and the illustrated trends should thus not be taken as an indication that
CSP is necessarily more competitive over the long-term than solar PV. Solar power will also move much closer to wind costs in
areas with a weaker wind resource. Furthermore, the cost of supercritical coal energy could be rising in future, rather than
remaining constant (as shown). This could be due to, for example, rising fuel prices, notwithstanding the downward effect of its
technology learning rate.
The South African Renewables Initiative (SARI) has been engaging in analyses and consultations with a view to establishing an
appropriate RE financing mechanism that would ensure the affordability of renewable energy generation. The cost of RE has
been falling, although it still stands above traditional power sources (i.e. the ‘incremental cost’). The costs involved would be
reduced by the implementation of sound institutional frameworks – thereby reducing investor risk; enabling the blending of
sources of capital with concessional debt; and securing funding to cover the remaining incremental costs without over-burdening
South African energy users and taxpayers.
According to SARI, the financial challenge of bringing down and covering the aggregate incremental costs of renewable energy
remains a significant barrier in the process of scaling up its capacity. This incremental cost largely stems from solar energy,
since the cost of wind energy will come down towards the general cost of electricity after the commissioning of the first batch of
wind projects.
An estimated USD36 billion of new investment would be needed by 2030 for the roll-out of the RE capacity building envisaged in
the IRP, excluding what would be needed for the upscaling of local manufacturing capacity. Generation capacity would then
amount to nearly 19 GW, or 9% electricity from RE sources, by 2030, mainly consisting of wind (around 50%), solar PV (around
40%) and CSP (below 10%).
According to the SARI model, the ‘incremental’ cost thus amounts to a present value of USD8 billion to USD8.9 billion over the
2012-2045 period14, partly shown in Figure 14 for the main technologies. This would be passed on to energy consumers if not
offset in other ways.

14

In 2011 US dollars, annual costs over the projection period discounted at 6%, assuming 100% commercial financing.
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Figure 14: Projected incremental cost of electricity generation in South Africa
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Low-cost loans and other financial instruments (e.g. insurance, guarantees, carbon finance, grants or export credits) and related
support are needed to fund and bring down the incremental cost and thus energy prices (rather than inflate profits), thereby
attracting private sector investment.
SARI estimates indicate that the overall incremental cost of achieving the IRP plan for renewable energy (adding up to between
USD8 billion and USD8.9 billion) can be eliminated by the following actions (also refer to Figure 15 below):
 Reduce it by more than one-third, to between USD5.1 billion and USD5.9 billion, through the blending of commercial and
insured equity, and commercial and low-cost debt;
 If the domestic cost savings from wind energy are offset against the overall cost (pushed higher by, for example, the cost of
solar energy);
 The remaining funding gap of say USD1.9 billion can, for example, be funded by international grants, while SARI suggest
that the employment of a results-based / pay-for-performance funding system would offer much stronger support to South
Africa meeting its own emissions reduction targets, than what can be provided by, for example, the sale of carbon credits.
Figure 15 reflects a SARI scenario for the elimination of the incremental cost applicable when the IRP schedule for the
implementation of renewable energy is carried out. The international funding part of USD1.9 billion is assumed, for purposes of
illustration, to represent the amount of USD10/tonne CO2 pledged for the reduction achieved
Figure 15: Funding blends to reduce the projected incremental cost of electricity
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CAPITAL COSTS
As previously stated, capital costs (‘overnight costs’) vary significantly over regions, countries and projects. Costs of energy
projects are, on average, lower in, for example, the USA, China and certain other developing countries than is the case in
Europe and Japan. A comparison made by the IEA/OECD provides the picture depicted in Figure 16 below, expressed in value
per kW of installed electric capacity.
For the comparison, a number of technologies or projects have been chosen on an arbitrary basis, for the purpose of providing a
sense of the spread of costs. IEA/OECD projected that, assuming a learning rate for onshore wind energy of 7%, investment
costs might be expected to decrease consistently to around USD1 400/kW by 2020 (compared with the average of around
USD2 500/kW as illustrated). Furthermore, assuming a learning rate for solar PV energy of 18%, investment costs might be
expected to decrease by 70% (from current overnight costs of between USD3 000 and USD7 000, as illustrated in Figure 16) to
around USD1 200 - USD1 800/kW by 2030.
Figure 16: Overnight costs of electricity generating technologies
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INVESTMENT / O&M COST SPLIT
Figure 17 shows the composition of the cost structures of six technologies, based on the LCOE model used in the IEA/OECD
2010 report on projected costs of generating electricity by 190 plants worldwide. The portrayed cost levels represent the median
values of the plants in OECD countries that provided data (note that a 5% discount rate was applied). As such, they do not
represent statistically sound indications of future costs of the relevant technologies, but only a measure of comparison.
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Figure 17: LCOE – generation cost structure (at 2008 USD values)
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Apart from only referring to median values, it should also be noted that all the relevant parameters in such cost models vary
widely across different countries, and across different plants within countries.
As previously indicated, the bulk of the generation cost of renewable energy sources such as wind and solar (and geothermal)
consists of fixed (capital) costs, while variable costs (mostly fuel) are rather substantial in the case of non-renewable energies
such as coal and gas.

COMPARATIVE ANALYSIS OF LCOEs
The IEA/OECD (and Bloomberg NEF) published LCOE data collected from a number of energy generating plants over various
technologies. The competitiveness of technologies is assessed through the application of an LCOE model.
According to the IEA/OECD and Bloomberg NEF analyses, solar PV is in the most uncompetitive position compared with other
RE technologies, although other studies might hold a more optimistic view for this technology. Wind power comes close to
competing with coal, nuclear and natural gas. Other analyses have put wind at a more competitive level than nuclear PWR.
Figure 18: Typical comparison of the levelised cost of energy (2008 USD values)
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The combination of the load factors and discount rates applied has a determining effect on the LCOE, with that of solar PV rising
to around USD600/MWh (compared with the USD300-450 shown in Figure 18), when a lower load factor is assumed.
While the LCOE of onshore wind power shown here can range from USD90 to USD140 / MWh, the same study calculated the
average offshore wind power in the same range of countries at between USD127 - USD178 / MWh, which is about 35% higher
than that of onshore generation.
The gaps between the cost of conventional power generation and those of most RE sources have shrunk significantly, and the
trend is expected to continue, both from ‘below’ and from ‘above’:
 The LCOE of renewable energies will decline further, as indicated before, due to a drop in technology costs through
economies of scale, the learning curve effect and/or commodity price decreases.
 These costs will also be reduced following the implementation of financing mechanisms such as grants, concessional loans
or guarantees, either from international or local financing institutions, as well as performance-based payments for switching
from conventional to RE sources.
 Conventional fuel costs, on the other hand, will increase, resulting from policies that have an increasing effect on fossil fuel
prices, either through rising costs by, for example, enforcing air emissions control, or by removing existing subsidies
applicable to fossil fuel operations.
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Figure 19: Hypothetical targeted LCOE addressing RE cost drivers and conventional energy external costs
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Concluding remarks

The rising contribution of renewable resources to energy generation forms an important part of the global drive towards
mitigating climate change. A range of technologies exist, stretching over the entire spectrum of development – from early R&D
to commercial rollout. Wind power and solar power, which were the focus of this report, are already relatively mature
technologies.
Most renewable energy technologies face the challenge of high upfront capital costs, despite very low O&M costs, while
variations occur over geographical areas, policies and energy dispensations. In accordance with generally accepted principles
and historical financial data, the generation costs of all RE technologies, though in different stages of developments, exhibited
declining trends since their earliest testing or deployments, and are continuously nearing competitiveness with conventional
technologies. A short-term increase experienced in recent years resulted from commodity and raw material price rises and
component bottlenecks following strong demand.
Onshore wind power is arguably the lowest priced RE source and is already deemed ‘competitive’ where the resource is strong
and the cost of carbon is reflected in prices. Wind power is also less costly in more accessible areas or in larger wind farms,
either in terms of turbine numbers or size. The largest capital cost element is the turbine, while service and parts form the bulk
of O&M costs. The lifetime costs of wind power can be determined relatively easily when sufficient data on the wind speed are
available.
The relatively high energy generation cost of solar PV has thus far constrained its large scale deployment, although cost trends
have been downward, along with other technologies. Competitiveness with wholesale market electricity prices can reportedly be
reached within the next decade. The main capital cost element is the PV module or panel, the price of which has declined by
around 70% over the past decade. The rest of the capital cost (mainly consisting of the ‘balance of system’ (BOS) cost), is
fragmented and made up of various elements from a number of industries. A range of potential technological improvements to
further reduce the BOS cost exists, while module development is also ongoing.
CSP energy generation has not experienced the same dynamism as PV, although a resurgence of interest has occurred in
recent years. A significant ramp-up in the building of large-scale CSP plants is expected to improve economies of scale along
the entire value chain of mirrors, receivers, working fluids, power blocks cooling and maintenance systems. A CSP plant’s
collector field is the major cost element, with the power block contributing the other major share of capital cost. In terms of
maturity, the technology is behind those of wind power and solar PV, while electricity generation cost competitiveness stands at
around double that of conventional combined cycle natural gas. Ongoing investments in R&D are continuously bringing down
CSP generation costs.
The view of the South African Renewables Initiative is that the main challenge facing local renewable energy development is the
incremental cost, which largely stems from solar energy. Low-cost loans and other related support are needed to address costs
and thus energy prices, thereby attracting private sector investment.
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Annexure A

Estimation of the investment cost for a 50 MW CSP plant and 7.5 hours of thermal storage
Relative contribution of components to
the value of plant
Labour cost site and solar field

Site preparation and infrastructure

Electric installations and others

Solar field

Steel construction

Piping

17.1
5.8
4.0
3.1
2.5
1.8

Equipment solar field and heat transfer fluid system

Steel construction

Receivers

Mirrors

Heat transfer fluid system (piping, insulation, heat exchangers etc.)

Electronics, controls and solar equipment

Heat transfer fluid

Others

38.5
10.7
7.1
6.4
5.4
2.5
2.1
4.3

Thermal storage system

Salt

Storage tanks

Heat exchangers

Balance of system

Others

10.5
5.1
1.8
1.4
1.0
1.2

Conventional plant components and plant system

Power block

Balance of plant

Grid connection
Others





Project management (engineering, procurement etc)
Financing
Project development
Other costs (allowances)

14.3
5.7
5.7
2.9
19.5
7.7
6.0
2.9
2.9

Total cost : USD364 million or €280 million
Source: IDC calculations based on IEA (2010) CSP Roadmap 2010 data

100

32

Annexure A

33

