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Introduction

The 22nd edition of the World Energy Council's
(WEC) Survey of Energy Resources (SER) is
the latest in the series of reports on the status of
the world's energy resources. It covers 15
sources of energy, and provides the most
comprehensive resource  and reserves
assessments and other relevant information.
WEC published the first Statistical Year Book in
1933. Already then it included information from
more than 50 countries. Nearly 80 years later,
the Survey remains a unique global document
and a flagship publication of the World Energy
Council which also is an essential tool for
governments, industry, investors, academia and
NGOs.

The latest edition of the Survey is a testament to
the continued supremacy of fossil fuels and in
particular oil as the price-setter in the global
energy mix. The data and the commentaries in
the Survey highlight the effects of higher oil
prices experienced over the past couple of years
but also increasing concerns about climate
change and energy sector sustainability.
Resources and technologies that were
previously uneconomic to develop are today
experiencing a renaissance and enjoying
increased attention and R&D spending.

Despite the global economic crisis of 2008 and
2009, world primary energy demand has been
growing and it is expected to continue its growth
for decades to come. This is not surprising given
the fact that more than a quarter of world’s
population, i.e. about 1.6 billion people still do
not have access to commercial energy. The
strongest growth in energy consumption comes

from Asia, in particular from China and India.
These two countries — according to the
International Energy Agency’s projections - will
account for over 50% of the total growth in
global energy demand to 2030. It is important to
remember that both China and India are heavy
coal users with vast coal resources. Generally,
fossil fuels currently account for about 80% of
primary energy demand and this figure is
expected to remain largely the same through to
2030.

The environmental implications of the continued
global energy system’s dependence on fossil
fuels call for urgent action across the world.
Climate change is a global concern and should
be treated as such. While political discussions
and international negotiations about climate
change continue, the industry is already working
on developing more efficient and cleaner
technologies. Carbon Capture and Storage
(CCS) and other clean coal technologies form a
vital part of global efforts to reduce CO,
emissions. CCS is the only currently available
technology that could help reduce CO,
emissions on a large scale. Both the UN
Intergovernmental Panel on Climate Change
(IPCC) and the World Wide Fund (WWF) have
identified CCS as a critical technology to
stabilise atmospheric greenhouse gas
concentrations in an economically efficient
manner. The IPCC found that CCS could
contribute up to 55% of the cumulative mitigation
effort by 2100 while reducing the costs of
stabilisation to society by 30% or more.



2010 Survey of Energy Resources Executive Summary

World Energy Council

Although the growth in the use of renewable
energy sources has been spectacular, as
demonstrated in the Survey, it will take decades
before renewables will be able to provide a
sizeable contribution to meeting energy demand.
In the meantime, the world should focus on
increasing efficiency across the entire energy
value chain. Improving performance of power
plants around the world can make a significant
contribution to the reduction of CO, emissions
and other pollutants. A one percentage point
improvement in the efficiency of a conventional
pulverised coal combustion plant results in a 2-
3% reduction in CO, emissions. Highly efficient
modern coal plants emit almost 40% less CO,
than the average coal plant in service at the
present time.

Any review of energy resources is critically
dependent upon the availability of data, and
reliable, comprehensive information does not
always exist. The basis of the data compilation
for the present Survey was the input provided by
WEC Member Committees, a multitude of
national and international sources and in some
cases, estimation.

Reserves and Resources

In the context of finite resources and reserves,
the World Energy Council distinguishes between
amounts in place and quantities recoverable,
and between proved and additional (i.e. non-
proved). Combining these concepts, the
following four categories are obtained:

Proved Amount in Place, of which:
Proved Recoverable Reserves;
Additional Amount in Place, of which:

Additional Reserves Recoverable

Whilst each major energy source has its own
characteristics, applications, advantages and
disadvantages, the fundamental distinction is
between those that are finite and those that are,
on any human scale, effectively perpetual or
everlasting.

The Finite Resources comprise a number of
organically-based substances — coal, crude olil,
oil shale, natural bitumen & extra-heavy oil, and
natural gas, together with the metallic elements
uranium and thorium. There is one more type of
energy resource — peat which is to some extent
intermediate in nature, with both finite and
perpetual elements in its make-up.

The principal Perpetual Resources are solar
energy, wind power and bioenergy, all of which
are ultimately dependent on an extra-terrestrial
source, namely the Sun. Other perpetual
resources are derived from geothermal heat at
various depths, and from various forms of
marine energy — tidal energy, wave power and
ocean thermal energy conversion (OTEC).

The overall conclusion of the 22nd Survey is
that there is no shortage of energy resources
in the world either today or for decades to
come. It is the way we are using these
resources that has to change to ensure
sustainable energy future.
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1. Coal

Coal was the first fossil fuel to be used on an
industrial scale, and it remains a major force in
world energy and has indeed been the fastest-
growing worldwide in recent years. After
centuries of mineral exploration, the location,
size and characteristics of coal resources are
well-established.  Economically  recoverable
reserves are reported to exist in some 75
countries and the global total amount of coal at
end-2008 of 860 billion tonnes was 1.6% higher
than at end-2008. The major changes are
attributable to BGR’s upward re-assessment of
German lignite and a downward revision of
South African hard coal.

Of the total world coal reserves, 405 billion
(47%) is classified as bituminous coal (including
anthracite), 260 billion (30%) as sub-bituminous
and 195 billion (23%) as lignite.

The countries with the largest recorded coal
reserves are unchanged from recent editions of
the SER: the USA, the Russian Federation and
China continue to lead the way, with nearly 60%
of global reserves between them, while Australia
and India are also in the top rank.

Coal Use and Demand

Coal has many uses critically important to
economic development and poverty alleviation
worldwide — with the most significant being
electricity generation, steel and aluminium
production, cement manufacturing and use as a
liquid fuel.

2008 Proved recoverable coal reserves: the top ten

countries
Country Million tonnes
USA 242,721
Russian Federation 157,010
China 114,500
Australia 76,600
India 56,498
South Africa 48,000
Ukraine 33,873
Kazakhstan 31,300
Serbia 13,885
Poland 7,502
TOTAL WORLD 860,938

Around 5.8 billion tonnes of hard coal and 953
million tonnes of brown coal were used
worldwide in 2008. Since 2000, global coal
consumption has grown faster than any other
fuel — at 4.9% per year. The five largest coal
users - China, USA, India, Japan and Russia -
account for around 72% of total global coal use.

The use of coal is expected to rise by over 60%
by 2030, with developing countries accounting
for around 97% of this increase. China and India
alone will contribute 85% of the increase for
demand in coal over this period. Most of this
demand is in the power generation sector,
where coal's share in global electricity
generation is set to increase from 41% today to
44% by 2030, according to the International
Energy Agency (IEA).
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Coal-fired power generation capacity under construction in 2008, Source: Platts

The biggest market for coal is Asia, which
currently accounts for 56% of global coal
consumption. Despite the global economic
downturn of 2008 and 2009, world primary
energy demand is expected to continue to rise
over the coming decades, largely driven by the
increasing energy needs of developing
countries. According to the IEA, global demand
for energy is now expected to grow at a rate of
1.5% a year to 2030.

Coal Trade

Coal is traded around the world, being shipped
huge distances by sea to reach markets. Over
the last twenty years seaborne trade in steam
coal has increased on average by about 7%
each year with seaborne coking coal trade
increasing by 1.6% a year. Overall international
trade in coal reached 938 million tonnes in 2008.
This is a significant amount of coal but only
accounts for about 17% of total coal consumed,
as most is still used in the country in which it is
produced.

Transportation costs account for a large share of
the total delivered price of coal.

Australia is the world’s largest coal exporter. It
shipped over 261 million tonnes of hard coal in
2008, out of its total production of 332 million
tonnes. Australia is also the largest supplier of
coking coal, accounting for 53% of world
exports.

Coal and Energy Security

Coal has an important role to play in meeting the
demand for a secure energy supply. Coal is the
most abundant and economical of fossil fuels;
on the basis of proved reserves at end-2008,
coal has a reserves to production ratio of well
over 100 years, compared with 54 for natural
gas and 41 for oil.

Coal is also an affordable source of energy.
Prices have historically been lower and more
stable than oil and gas prices and coal is likely
to remain the most affordable fuel for power
generation in many developed and developing
countries for several decades.

The Road Ahead

There is no doubt that coal will continue to play
a key role as part of a balanced global energy
mix, particularly in light of China, India, and
other developing countries’ use of the fuel to
support economic growth. Technologies to
reduce the greenhouse gas emissions
associated with coal mining and power
generation have been developed and are being
deployed around the world.
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2. Crude Oil and Natural
Gas Liquids

Proved reserves of oil, as assessed for the SER,
continue to show a substantial supply base for
the short-medium term. The global level of
proved recoverable reserves, based on
information from WEC Member Committees and
supplementary sources, stood at 1 239 billion
barrels (163 billion tonnes) at end-2008, some
24 billion barrels (3 billion tonnes) higher than at
the end-2005 level.

The Middle East remains the principal location of
oil reserves, with 61% of the global total,
followed by Africa with 11%, South America
10%, and Europe (including the whole of the
Russian Federation) 8%, followed by Asia and
North America each at around 5%.

Securing Supplies

It is not known with great precision what the
recoverable quantities of oil and gas are, nor
how demand will grow. It is known, however,that
they are in great demand, and that they are
finite. It is also known that 100% of the oil or gas
in the ground cannot be recovered, and that the
actual percentage will depend on the recovery
processes applied.

The recovery processes are for the most part
physically irreversible processes. The
implication is that the amount that can be
recovered and used depends on the entire
history of past efforts, in addition to future
efforts. Flaring gas, early depressurisation of oll
and condensate reservoirs, and dilution of oil by
inefficient displacement fluids are all examples
of this.

Crude oil and natural gas liquids: proved
recoverable reserves at end-2008

Country million tonnes | million barrels
Saudi Arabia 34518 264 063
Iran (Islamic Rep.) 17 329 137 610
Iraq 15478 115000
Venezuela 13997 99 377
Kuwait 13679 101 500
UAE 12 555 97 800
Russian Federation 10 647 79 000
Libya/GSPLAJ 5712 44 271
Nigeria 4953 37200
USA 3429 28 396
Canada 3126 21846
Qatar 3094 25405
Kazakhstan 2907 22762
Algeria 2731 23241
China 2466 18 052
TOTAL WORLD 163 038 1238 834

Decisions to invest in high recoveries in the long
term are decisions to secure supplies. Solid
partnerships are required between governments,
industry and financiers alike that align interests
in making the bold decisions, strengthening the
ability of the partnership to capture the
opportunities and mitigate the risks that come
with them.
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Comparison of reserves to production ratios in 2008 (years)
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Immediate investments to gain production in the
longer term are based on the decision maker’s
current opinion of future wellhead values to him.
The higher and the more predictable they are,
the easier it is to undertake the required efforts
to recover the substantial quantities of resources
that are economically marginal.

This requires a comprehensive approach to
address the economic and social conditions
affecting prices at the wellhead, the efficiency
and cost of recovery operations and the
geological  conditions.  The international
community of governments, industry and
financiers all influence the recoverable quantities
and can increase them substantially if they act in
concert.

Top 6 countries  Countries 7.8&9  Rest of World World

The Road Ahead

The needs for energy are increasing as are the
requirements for reduced environmental impact.
The only way in which these needs can be
reconciled under the second law of
thermodynamics is to improve efficiencies in
every respect. This must take place through
improved and  constructive  international
cooperation, inspired by the World Energy
Council and informed by the Survey of Energy
Resources.
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3. Qil Shale

Definition of Oil Shale

Most oil shales are fine-grained sedimentary
rocks containing relatively large amounts of
organic matter (known as ‘kerogen’) from which
significant amounts of shale oil and combustible
gas can be extracted by destructive distillation.
Included in most definitions of 'oil shale', either
stated or implied, is the potential for the
profitable extraction of shale oil and combustible
gas or for burning as a fuel.

Deposits range from small occurrences of little
or no economic value to those of enormous size
that occupy thousands of square kilometres and
contain many billions of barrels of potentially
extractable shale oil. Total world resources of
shale oil are conservatively estimated at 2.8
trillion barrels. However, petroleum-based crude
oil is cheaper to produce today than shale oil
because of the additional costs of mining and
extracting the energy from oil shale.

QOil shales were deposited in a wide variety of
environments, including freshwater to saline
ponds and lakes, epicontinental marine basins
and related subtidal shelves. They were also
deposited in shallow ponds or lakes associated
with coal-forming peat in limnic and coastal
swamp depositional environments. It is not
surprising, therefore, that oil shales exhibit a
wide range in organic and mineral composition.

Oil Shale Resources

Although information about many oil shale
deposits is rudimentary and much exploratory
drilling and analytical work needs to be done,
the potential resources of oil shale in the world
are enormous. An evaluation of world oil shale
resources is made difficult because of the
numerous ways by which the resources are
assessed. Gravimetric, volumetric, and heating
values have all been used to determine the oil
shale grade. For example, oil shale grade is
expressed in litres per tonne or gallons per short
ton, weight percent shale oil, kilocalories of
energy per kilogram of oil shale or Btu, and
others. If the grade of oil shale is given in
volumetric measure (litres of shale oil per
tonne), the density of the oil must be known to
convert litres to tonnes of shale oil.

By-products can add considerable value to
some oil shale deposits. Uranium, vanadium,
zinc, alumina, phosphate, sodium carbonate
minerals, ammonium sulphate, and sulphur add
potential value to some deposits. The spent
shale obtained from retorting may also find use
in the construction industry as cement. Germany
and China have used oil shale as a source of
cement. Other potential by-products from oil
shale include specialty carbon fibres, adsorbent
carbons, carbon black, bricks, construction and
decorative building blocks, soil additives,
fertilisers, rock wool insulating materials, and
glass. Many of these by-products are still in the
experimental stage, but the economic potential
for their manufacture seems large.



2010 Survey of Energy Resources Executive Summary

World Energy Council

Many oil shale resources have been little
explored and much exploratory drilling needs to
be done to determine their potential. Some
deposits have been fairly well explored by
drilling and analyses. These include the Green
River oil shale in western United States, the
Tertiary deposits in Queensland, Australia, the
deposits in Sweden and Estonia, the El-Lajjun
deposit in Jordan, perhaps those in France,
Germany and Brazil, and possibly several in
Russia. It can be assumed that the deposits will
yield at least 40 litres of shale oil per tonne of
shale by Fischer assay. The remaining deposits
are poorly known and further study and analysis
are needed to adequately determine their
resource potential.

The Green River is the largest known formation
in the western United States, which contains a
total estimated in-place resource of some 3
trillion barrels. In Colorado alone, the total in-
place resource reaches 1.5 trillion barrels of oil.
The Devonian black shales of the eastern United
States are estimated at 189 billion barrels.

The total world in-place resource of shale oil is
estimated at 4.8 trillion barrels. This figure is
considered to be conservative in view of the fact
that oil shale resources of some countries are
not reported and other deposits have not been
fully investigated. On the other hand, several
deposits, such as those of the Heath and
Phosphoria Formations and portions of the
Swedish alum oil shale, have been degraded by
geothermal heating. Therefore, the resources
reported for such deposits are probably too high
and somewhat misleading.
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4. Natural Bitumen and
Extra Heavy Qill

Natural bitumen (tar sands or oil sands) and
extra-heavy oil are characterised by their high
density and viscosity and high concentrations of
nitrogen, oxygen, sulphur and heavy metals. In
each category one country is predominant,
Canada in the case of natural bitumen, 70% of
worldwide reserves, and Venezuela in the case
of extra-heavy oil, with about 98% of presently
recorded reserves.

Natural bitumen and extra-heavy oil are the
remnants of very large volumes of conventional
oils that have been generated and degraded,
principally by bacterial action. Chemically and
texturally, bitumen and extra-heavy oil resemble
the residuum generated by refinery distillation of
light oil. The resource base of natural bitumen
and extra-heavy oil is immense and therefore
not a constraint on the expansion of production.
These resources can make an important
contribution to future oil supply if they can be
extracted and transformed into usable refinery
feedstock at sufficiently high rates and at costs
that are competitive with alternative sources.

The only natural bitumen deposits presently
being commercially exploited on a significant
scale are those in western Canada. The three
Alberta oil sands areas (Athabasca, Peace River
and Cold Lake) together contain at least two-
thirds of the world’s discovered bitumen in place
and at present provide more than 40% of
Canada’s domestically-produced crude oil and
bitumen.

The only deposit of extra-heavy oil large enough
to have a major supply and economic impact on

crude oil markets is the Orinoco Qil Belt in the
Eastern Venezuela Basin. Production of
upgraded extra-heavy oil from this deposit
accounts for more than 20% of Venezuela’s oll
production.

Despite their cost and technical challenges,
major international oil companies have found it
desirable to acquire, develop, and produce
these resources in increasing volumes. Large in-
place resource volumes provide a reliable long-
term flow of liquid hydrocarbons and substantial
payoff for any incremental improvements in
recovery. High oil prices during 2007 and 2008
spurred new development and production which,
in turn, have intensified concern about
environmental effects of production increases.

Resource Quantities

Resource quantities are based upon a detailed
review of the literature in conjunction with
available databases, and are intended to
suggest, rather than define, the resource
volumes that could someday be of commercial
value. Precise quantitative reserves and oil-in-
place data for natural bitumen and extra-heavy
oil on a reservoir basis are seldom available to
the public, except in Canada.

Natural Bitumen - is reported in 598 deposits in
23 countries. No deposits are reported offshore.
It occurs both in clastic and carbonate reservoir
rocks and commonly in small deposits at, or
near, the earth’s surface. Natural bitumen
deposits have been mined since time
immemorial for use as sealants and paving
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materials. In a few places such deposits are
extremely large, both in areal extent and in
resources they contain, most notably those in
northern Alberta, in the Western Canada
Sedimentary Basin. Although these oil sands
extend eastward into Saskatchewan, resource
estimates for this province have yet to be
published.

The three Alberta oil sand areas, Athabasca,
Peace River, and Cold Lake, together contain
1.73 frillion barrels of discovered bitumen in
place, representing two-thirds of that in the world
and at this time are the only bitumen deposits
being commercially exploited as sources of
synthetic crude oil (SCO). More than 40% of the
crude oil and bitumen produced in Canada in
2008 came from the Alberta natural bitumen
deposits

Location of the oil sands deposits of Canada. Soucre : Modifiled from McPhee and Ranger
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5. Natural Gas

At the end of 2008, 103 countries were reported
to possess proved reserves of natural gas.
Compared with the level reported for end-2005
total reserves show an increase of 9.1 trillion
cubic metres or 5.1%. At the present level of
185.5 tcm (or approximately 6 550 tcf), global
gas reserves are equivalent to more than 54
years’ production (net of re-injection) at the 2008
rate. The countries with the largest natural gas
reserves are still the Russian Federation, the
Islamic Republic of Iran and Qatar, but
Turkmenistan has now overtaken Saudi Arabia
to take fourth place in the global ranking list. By
comparison with the 2007 Survey, the largest
changes in the level of gas reserves relate to
Turkmenistan, where a major reassessment
resulted in an increase of over 5.5 tcm, the
Islamic Republic of Iran, and the USA, reflecting
a substantial rise in proved reserves of shale
gas. At end-2008, the Middle East accounted for
41% of the world’'s gas reserves, Europe
(including the whole of the Russian Federation)
for 27% and Asia for 15%.

Natural gas: reserves to production ratios end 2008
(years)

100 100
87

68

2008 Natural gas production (billion cubic meters)

621

o74

Analysing the main trends in natural gas
demand and supply in an energy world that is in
transition is a challenging job. To frame gas
supply into a wider energy context, an
assessment was made of the development of
the total primary energy consumption.

Primary energy demand is expected to increase
at an average annual growth rate of 1.4% from
2010 and 2030. The share of natural gas will
rise from 21% at the present time to 23% in
2030. The relative gas market share varies at
the regional level. The share of gas in primary
energy demand is expected to grow significantly
in Europe, Africa, the Middle East and Asia.

Natural Gas Demand

Natural gas demand is projected to grow by
1.6% per year between 2007 and 2030 to a total
of 4.4 tcm.
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Although all regions show some growth in this
sector, a significant increase is foreseen in Asia,
mainly driven by the number of households to be
provided with gas. The main driver for gas
consumption is the number of households: in
developing countries - mainly determined by
population growth, whilst in developed countries
- by the decreasing number of persons per
dwelling.

On the other hand, gas demand is reduced by
energy conservation and efficient use of
resources. New, well-insulated houses with a
low heat demand are increasingly using
electricity for space heating, often in
combination with heat pumps.

With a total projected volume of 1 600 bcm in
2030, the prospects for gas for power generation
are impressive. However, at the same time
numerous uncertainties arise. Nuclear power is
re-emerging. How will the renewable energies
develop? What will be the impact role of CO,?
An emission-trading scheme of CO, taxes will
benefit natural gas, however the price of CO, is
an uncertain factor. What will be the impact of
Carbon Capture and Storage on gas demand in
the power sector?

The Transport Sector: despite a large potential,
gas consumption in the transport sector (natural
gas vehicles) is expected to remain small,
increasing from around 18 bcm currently to 60
bcm in 2030. Regionally this sector is currently
most significant in Latin America, using about
8 bcm/yr. The main regions with growth in this
sector are the Middle East and Asia.

Gas Supply

Natural gas reserves are sufficiently abundant to
cover global gas demand for many decades.
Moreover, technological developments and
higher energy prices have increased the
volumes of economic reserves as well as the
diversification of sources.

Current developments in unconventional gas,
especially shale gas in the United States, are
spectacular and have led to upward revisions for
the prospects in North America. The potential for
unconventional gas in other regions is also
significant.

Total natural gas production in North America
will increase from 722 bcm in 2005 to 900 bcm
in 2030. Unconventional production increases
from 244 bcm in 2006 to 374 bem in 2030. The
Alaska natural gas pipeline is expected to begin
transporting natural gas in 2020 and should
result in 46 bcm/yr of incremental natural gas
supplies being delivered to the lower 48 States.

Gas Production in Latin America & the
Caribbean almost doubles between now and
2030. Trinidad & Tobago has the highest
average growth rate and Bolivia also grows
strongly. Argentina is responsible for the largest
share of natural gas production in Latin America;
it accounts for 30% of all gas produced in the
region and has a 5% average annual growth
rate.

The indigenous production of natural gas in
Europe (except for Norway) is in decline and
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from 2004 the UK has been a net importer.
Domestic production in Germany, Italy and
some eastern European countries is also
declining, and production by Norway cannot
keep up with this trend.

Currently half of the gas demand in Europe is
covered by domestic production. The other half
is imported from Russia (25%), Africa (20%,
mainly Algeria) and the Middle East (5%).
Although high energy prices may stimulate
exploration and production, thus delaying the
decline to some extent, European production is
expected to drop to less than 20% of demand in
2030.

Liquefied Natural Gas

LNG production capacity increased by 50%
during the five years prior to 2008. Against the
background of global recession, growth slowed
from 2008 on, for the first time in this decade.
Nevertheless, production capacity will be about
380 bem/yr during 2010.

High steel prices, high engineering costs and
limited human resources (engineers) have
caused an increase in the cost of LNG
production, now estimated at around US$ 1 000
(and above) per tonne per year. The expected
share of LNG is 400 bcm in 2015 and 750 bcm
in 2030, corresponding to 17% of global gas
demand.

Re-gasification capacity will be about twice as
much as liquefaction capacity, creating
downstream flexibility. LNG receiving terminal

usage patterns differ by region: in the Pacific
area, where LNG is generally used as a base
gas source without large underground storage,
seasonal demand fluctuations are absorbed by
redundancy in LNG terminal capacities; in
Europe and North America, with more
underground storage facilities, higher utilisation
rates are achieved.

Long-term commitments in the LNG value chain
are expected to continue, providing the
foundation for a huge level of investment in LNG
producing countries. However, long-term
transactions can have flexible downstream
arrangements. The share of genuine spot LNG
cargoes will increase, but is not expected to
grow as rapidly as the share of short-term
contracts (several months or years).

The world is a diverse place, but natural gas will
be an important part of the energy mix in all
regions. Overall, both for economic and
environmental reasons, natural gas remains
fundamental to achieving the optimum global
energy solution.
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6. Uranium and Nuclear

Energy

Uranium

The latest biennial joint report of the OECD
Nuclear Energy Agency and the International
Atomic Energy Agency provides uranium data
for 47 countries, with resources classified by the
level of confidence in the estimates and by
production cost-categories. Total Reasonably
Assured Resources (taken as comparable to
proved recoverable reserves of other finite
energy resources) increased by 5.6% 4%
between end-2006 and end-2008, to reach over
3.5 million tonnes of uranium recoverable at less
than US$ 130/kgU.

In addition to conventional tonnages estimated
to be available at lower levels of confidence,
unconventional uranium resources and deposits
of thorium, another radioactive metallic element,
add to the resource base. Thorium is three times
as abundant as uranium in the Earth’s crust;
current estimates of global thorium resources
quoted by the NEA/IAEA range up to more than
6 million tonnes.

World output of uranium in 2008 amounted to
43.9 thousand tonnes, with eight countries
accounting for almost 93% of the total. Several
countries (e.g. Argentina, Bulgaria, Chile,
Finland and Spain), which had discontinued
production for economic reasons, are
considering re-opening closed mines or
stepping-up exploration. Others are exploring
the possibility of embarking on uranium
production for the first time.

By end-2008, uranium had been produced
commercially in 17 countries. In May 2009

Malawi became the 18th producer. Three further
countries produce minute amounts as part of
mine rehabilitation programmes.

The top three producers also dominate the
resource situation. Together Canada,
Kazakhstan and Australia hold 50% of global
economically recoverable uranium resources
(current conditions and at production costs of
less than US$ 130/kgU). Through the inclusion
of the less than US$ 260/kgU category, Russia
now ranks as the country with the third largest
identified uranium resources, slightly ahead of
Canada.

Since the early 1990s, the uranium market has
been characterised by a substantial disparity
between global reactor requirements and mined
production, which has been covered by a variety
of secondary supplies: reactor fuel derived from
warheads and the drawing-down of military and
commercial inventories; reprocessing of spent
nuclear fuel to produce mixed-oxide (MOX) fuel;
recycling of uranium to produce reprocessed
uranium (RepU); re-enrichment of depleted
uranium tails (left over after enrichment); and
enriching at lower tail assays.

As for almost all commodities, uranium market
conditions abruptly changed with the onset of
the financial and economic crises in 2008. At the
close of 2009 spot prices were about 35% below
their mid-2007 peak of US$ 350/kgU. Yet
compared with other commodities, the uranium
market weathered the storm fairly well. Lower
nuclear generation, longer refuelling cycles and
higher burn-ups caused annual global reactor
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uranium requirements to fluctuate between
59 000 tU and 66 000 tU over recent years. The
uranium market remains subject to political
conditions. Most prominent still are the 1994
HEU Agreement (often referred to as the
Megatons-to-Megawatts programme), which
was implemented through a 1994 contract
between the USA and Russia, and the
antidumping suspension agreement between the
USA and Russia plus five central Asian uranium-
producing countries.

Nuclear

There were 437 nuclear power reactors in
operation at the beginning of 2010, with an
aggregate generating capacity of 370 GW..
Eleven construction starts were made in 2009,
ten of them in Asia. A number of countries
uprated existing plants by up to 20%, a highly
effective way of bringing new capacity on-line.

During 2009, the US Nuclear Regulatory
Commission approved eight licence renewals of
20 years each, bringing the number of approved
renewals to 59. Licence renewals were either
granted or being processed in several other
countries.Between 2007 and 2009 construction
started on 29 nuclear power plants representing
29.1 GWe of new installed capacity, bringing the
total number under construction to 55 reactors at
the end of 2009, the largest number since 1992.
The post-2000 trend of licence renewals or
extensions for many operating reactors
continued, especially in the USA.

Higher world prices for fossil fuels have put
nuclear power on the agenda of many countries
currently with no nuclear generating capacity
and have revived interest in many countries with
stagnating or declining nuclear capability.
Nuclear power has a good and lengthening track
record, reflected in over 13 900 reactor-years of
experience to date.

Overnight investment costs, Source NEA and IEA, 2010
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During the first decade of the new millennium,
annual electricity production from the global fleet
of nuclear power plants ranged between 2 544
TWh and 2 661 TWh. The 2009 production of 2
568 TWh translates into a market share of 14%,
i.e., every seventh kilowatt-hour produced in the
world was generated by nuclear power.

This market share has been declining slowly but
consistently since the turn of the millennium, as
overall electricity generating capacity has grown
faster than nuclear power and also because of
the temporary unavailability of several reactors,
such as those at the 8.2 GW, Kashiwazaki-
Kariwa nuclear power plant in Japan, which was
shut down in July 2007 after a major
earthquake. After in-depth safety inspections
and seismic upgrades, two of the seven units
were restarted and connected to the grid in
2009. Current expansion, as well as near-term
and long-term growth prospects, remain centred
on Asia. Of the eleven construction starts in
2009, ten were in Asia. The 55 reactors under
construction are in Asia (including the Middle
East), as were 30 of the last 41 new reactors to
have been connected to the grid. China’s target
is 40 GW, of nuclear power capacity in 2020,
compared to 8.4 GW, today.

In Europe, nuclear power phase-out policies
were moderated in several countries. Sweden
will now allow its existing reactors to operate to
the end of their economic lifetimes and to be
replaced by new reactors once they are retired.
Italy ended its ban on nuclear power and will
now allow new construction. Belgium decided to
postpone the first phase of its planned phase-
out by ten years. Closure of its reactors had

been scheduled to take place between 2015 and
2025. In Germany, following the change of
Government, discussions to postpone the
phase-out were started.

Generally, existing operating nuclear power
plants continue to be highly competitive and
profitable. The low share of fuel costs in total
generating costs makes them the lowest-cost
base load electricity supply option in many
markets. Uranium costs account for only about
5% of total generating costs and thus protect
plant operators against resource price volatility.
Recently the prices of energy resources,
materials used in power plants and commodities
have been high, but generating costs of nuclear
power plants have been barely affected, despite
record-level uranium spot prices of US$ 350/kgU
in 2007 (compared with US$ 20-30/kgU during
2000 to 2003).

Nuclear power is back on the agenda of many
countries, essentially for three reasons:
predictable and stable long-term generating
costs, energy security, and its climate-change
mitigation benefits. Its economic
competitiveness depends on local conditions
including  available  alternatives, = market
structures and government policy. Nuclear
power is not the ‘silver bullet' to solve all the
energy challenges before us. It also requires a
strong and long-term commitment on the part of
governmental institutions and utilities as well as
public acceptance. Good governance,
transparency and stakeholder involvement in the
decision process are therefore key for a decision
to invest in the nuclear option.
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/. Hydropower

Hydro-electric power is currently the largest of
the perpetual or so-called Renewable energy
resources. Hydro contributes to electricity
generation in 160 countries. Five (Brazil,
Canada, China, Russia and the USA) account
for more than half of global hydropower
production.

The least-cost way to increase hydro generating
capacity is almost always to modernise and
expand existing plants, where this is an option.
Most of the hydro plant presently in operation
will require modernisation by 2030. While
capacity expansions are generally made at
existing hydro stations, there are sometimes
opportunities for installing generators at non-
hydro dams. There are 45 000 large dams in the
world and the majority do not possess a hydro
component.

Development of hydro capacity has a long-term
economic advantage: annual operating costs are
very small in comparison with initial capital
costs, to a large extent insulating hydro from fuel
price rises. Another advantage stems from the
flexibility of storage hydro (using reservoirs) and,
where appropriate, pumped—storage schemes,
which helps to ensure total system security and
quality of supply in hybrid power systems,
whether in conjunction with fossil fuels or with
the growing army of Renewables — initially
mainly wind and geothermal, but in due course
also solar, bioenergy and marine power.

Major challenges for the hydro sector include
developing more appropriate financing models
and finding optimum roles for the public and

private sectors. Investor confidence is a vital
factor: in developing markets, such as Africa,
interconnection between countries and the
creation of power pools should assist in this
regard. Feasibility and environmental impact
assessments carried out by the public sector,
prior to inviting tenders from developers, would
help to promote greater private-sector interest in
future projects.

There is considerable debate regarding the
quantification and classification of the world’s
hydropower resources. Worldwide technical
potential, estimated by the World Atlas at 14 604
GWhlyr, is increasingly challenged as it tends to
be based only on specific sites that have been
studied at some point in the distant past. It thus
tends to exclude other sites that could be
developed.

Economically feasible potential, estimated by the
World Atlas at 8 771 GWhlyr, is also questioned
on the basis that much of the evaluation is
based on energy prices at different times in the
past, again tending to miscalculations.

Notwithstanding the above, the IHA estimates
that, if the global level of deployment were to
equate to the level already realised in Europe,
only one-third of the realistic hydro potential has
been developed to date. This estimate, in itself,
is considered to be conservative, given that
considerable new development continues in the
European region. It is clear that the growth
potential within the hydropower sector remains
significant.
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Development, especially in developing regions
such as Africa and Asia, will rely heavily on the
availability of long-term funding mechanisms
and partnerships.

Orders for hydropower equipment clearly
demonstrate that hydro development continues
to show strong growth well into the future.

As the use of renewable energy expands, the
flexibility of hydropower will assume greater
importance. By matching the other renewable
energies with hydropower, synergies develop
from hydro’s capacity to supply power on
demand, which allows for the balancing out of
variability, as well as supplying the peak load.
Unless the incentives are in place to capitalise
on this flexibility, the substantial benefits it offers
will be lost.

The increasing need for storage

Most hydropower projects were developed to
provide base load to the power system, and this
pattern will continue in developing countries.

Currently, there are more than 127 GW of
pumped storage throughout the world'. Recent
reporting in the technical press indicates that at
least 15 projects are under construction in nine
countries, and that these will add a further 8.8
GW of capacity. The power plants range in size
from 150 to 1 353 MW.

It is anticipated that the market for pumped
storage will increase by 60% over the next four
years.

'HRW, Dec 2009, www.hydroworld.com, accessed
26/01/2010.
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8. Peat

Peat consists of partially decomposed organic
material, derived mostly from plants, that has
accumulated under conditions of waterlogging,
oxygen deficiency, acidity and nutrient
deficiency. It is an intermediate fuel, part way
between the biomass of which it was originally
composed and the fossil fuel (coal) that it would
eventually become, given appropriate geological
conditions. It is still being formed in many parts
of the world, and is therefore to a certain extent
‘renewable’. Peat’s intermediate status has been
recognised by the IPCC, which has reclassified
it from a fossil fuel to a separate category
(‘peat’) between fossil and renewable fuels.

The world’s peat resources are enormous: the
total area of peatlands is about 4 million km?, or
some 3% of the total land surface. The main
deposits are in North America and the northern
parts of Asia, together with northern and central
Europe and Indonesia. An indicative estimate of
the amount of peat in situ is in the order of 6
000-13 800 billion m3.

Peat has many applications. In the energy field,
it is used as a fuel for the generation of
electricity and heat, and directly as a source of
heat for industrial, residential and other
purposes. At the present time, the principal
producers (and consumers) of fuel peat are
Finland, Ireland, Belarus, Sweden and the
Russian Federation- Despite the widespread
distribution of peat resources, consumption for
energy purposes outside Europe is essentially
negligible. Global consumption is around
17 million tonnes per annum, derived from a
very small proportion of the total area of

peatland: in the EU, only some 1 750 km?
(0.34% of total peatland) is used for energy peat
production.

Uses of Peat

Peat has a large number of uses, which may be
classified under three headings:

e Energy (as fuel for electricity/heat
generation, and directly as a source of heat
for industrial, residential and other
purposes;

e Horticultural and agricultural (e.g. as
growing medium, soil improver,
cowshed/stable litter, compost ingredient);

e Other (e.g. as a source of organic and
chemical products such as activated
carbon, resins and waxes, medicinal
products such as steroids and antibiotics,
and therapeutic applications such as peat
baths and preparations).

Future Developments in the Use of Peat for
Energy

VTT Technical Research Centre of Finland is
experimenting with gasification equipment
designed for the development of second-
generation transport biofuels. In this process,
synthesis gas will be refined from biomass for
the production of diesel fuels. In addition to
synthesis applications, the work involves
development of new solutions for gas turbine
and fuel cell power plants, as well as for the
application of hydrogen for transport purposes.
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The gasification plant will be able to utilise any
carbonaceous raw material, including forest
industry residues, bark, biomass from fields
(including peat fields), refuse-derived fuels and
peat.

The Intergovernmental Panel on Climate
Change (IPCC) changed the classification of
peat from fossil fuel to a separate category
between fossil and renewable fuels (25th session
of IPCC, Port Louis, Mauritius, 2006). Peat now
has its own category: ‘peat’. The emission factor
of peat is similar to fossil fuels.

Wise Use of Peat

The International Peat Society (IPS) joined with
the International Mire Conservation Group
(IMCG) to develop a procedure for the reasoned
and wise use of peat and peatlands globally
(Joosten and Clarke, 2002). This contains sound
advice for the peat industry to adopt the ‘wise
use’ approach and will mean that most of the
remaining peat bogs in Europe and North
America will not be utilised (less than 0.4% of
the total peatland area in Europe is currently
used in this way) and those that are will have
after-use plans, to be implemented at the
industry’s expense once the extraction work has
ended. In most cases, former extraction sites
are destined to become CO, sinks once again.
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9. Bioenergy

Biomass

At present, forestry, agricultural and municipal
residues, and wastes are the main feedstocks
for the generation of electricity and heat from
biomass. In addition, very small shares of sugar,
grain, and vegetable oil crops are used as
feedstocks for the production of liquid biofuels.
Today, biomass supplies some 50EJ globally,
which represents about 10% of global annual
primary energy consumption. This is mostly
traditional biomass used for cooking and
heating.

There is significant potential to expand biomass
use by tapping the large volumes of unused
residues and wastes. The use of conventional
crops for energy use can also be expanded, with
careful consideration of land availability and food
demand. In the medium term, lignocellulosic
crops (both herbaceous and woody) could be
produced on marginal, degraded and surplus
agricultural lands and provide the bulk of the
biomass resource. In the longer term, aquatic
biomass (algae) could also make a significant
contribution. Based on this diverse range of
feedstocks, the technical potential for biomass is
estimated in the literature to be possibly as high
as 1 500 EJ/yr by 2050, although most biomass
supply scenarios that take into account
sustainability constraints indicate an annual
potential of between 200 and 500EJ (excluding
aquatic biomass).

Fuelwood consumers are of two very different
types: in industrialised countries, the present-
day wood user is likely to use a highly-efficient

combustion appliance under strict regulations
regarding emissions, whereas the typical
developing-world  consumer uses  small,
inefficient and highly-polluting fires and stoves.
Indoor air pollution is a major health problem in
less-developed countries.

Another large secondary transformation of
biomass is electricity generation. CHP plants
have been operated by biomass-processing
industries such as sugar, wood products and
chemical pulping for many years, with some
producing a surplus which is exported to
national or regional networks. In more recent
times, they have been joined by biomass-fired
CHP linked to district heating schemes (fuelled
by straw in Denmark and by wood residues in
Finland and Sweden). Co-firing biomass with
coal has also been successfully introduced in
some locations.

Biofuels

Interest in biofuels — ethanol and biodiesel — is
at an all-time high. The continued increases in
the price of crude oil in recent years resulted in a
reversal of the traditional relationship of the price
of bioenergy to that of crude oil. For the first time
since the 1930s, the price of oil imported into the
USA exceeded that of domestically-grown corn
(maize). Many countries have raised their
targets for biofuels and large production gains
have been achieved, notably in the USA and
Brazil. It is estimated that world production of
ethanol in 2006 was equivalent to about 1.1 EJ,
of which the USA accounted for 40% and Brazil
for 37%.
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The other significant biofuel is biodiesel, which is
currently derived from vegetable oils, animal fats
and grease by esterification. The resulting
product is blended with conventional diesel ail,
in proportions ranging from 5% to 20%. The
expansion of biofuels is not without controversy,
as the production of ethanol from corn is only
marginally energy-positive at about 1.4:1, while
that from Brazilian sugar-cane has a ratio of
about 8 units of Renewable liquid fuel to 1 unit of
fossil-fuel input. Moreover, production of corn
and ethanol is heavily subsidised in the USA
and EU countries, whereas Brazil has foregone
most agricultural subsidies to its sugar industry.

Growth in the use of biomass resources in the
mid-term period to 2030 will depend on many
demand and supply side factors. Strong
renewable energy targets being set at regional
and national level (e.g. the European
Renewable Energy Directive) are likely to lead to
a significant increase in demand. Other factors
that may affect biomass potential include the
impact of biotechnology, such as genetically
modified organisms, water availability, and the
effects of climate change on productivity.
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10. Solar

The Sun is the most abundant permanent
source of energy for its planet Earth. Solar
energy is available both directly as solar
radiation and indirectly in the form of power from
wind, biomass, hydro, and marine sources. The
Solar chapter of the Survey of Energy
Resources is concerned exclusively with the
direct use of solar radiation.

The annual solar radiation reaching the earth is
over 7 500 times the world’s annual primary
energy consumption of 450 exajoules; it varies
from place to place, with some parts of the earth
receiving a much greater irradiance than the
average annual level of 170 W/m® However,
there is a useable solar resource in virtually all
parts of the world, and economically attractive
applications are not confined to the sunniest
regions.

There are two basic types of device currently
used to capture and utilise solar radiation:

« solar thermal collectors, which are used to
heat air, water or other liquids, depending
on the application;

« photovoltaic (PV) collectors, which
convert sunlight directly into electricity.

Within the first category, non-concentrating (or
flat-plate) solar collectors, commonly installed as
roof-mounted panels, can produce temperatures
up to about 100°C, with applications in the
heating and cooling of buildings, and the
provision of domestic hot water and industrial
process heat. Medium-temperature
concentrating collectors such as parabolic

troughs/dishes provide temperatures of 100-
500°C, with applications in process heat,
refrigeration and electricity generation; much of
the heat used in industrial processes is required
at less than 250°C. Central-receiver types of
solar concentrating collectors can produce
temperatures as high as 1 000°C or more, and
are used to generate electricity and in industrial
furnace applications.

Solar Thermal Applications

Adoption of solar water heating can have a great
impact on the reduction of peak electrical load
and thus greenhouse gas emissions. For
example, if all the electric water heaters in the
USA (approximately 100 million) were replaced
by solar water heaters, it would reduce the peak
load by about 100 GW.

Solar technologies can make a substantial
contribution to the energy budget of modern
buildings, and consequently to the world’s
energy use. Buildings can be the largest
collectors of solar energy and therefore the
electrical appliances (light bulbs, refrigerators,
washing machines, etc.) with innovative energy-
efficient models, can reduce electricity demand
and increase the significance of, e.qg.
photovoltaic electricity, to the whole energy
budget.

Globally, about 8-10 million new buildings are
constructed every year, most of them in
developing countries. Large areas of these
countries do not have access to grid electricity,
thus making solar energy an attractive
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alternative. Even if only a tiny fraction of these
buildings were served by solar, the implications
for the solar and energy industry could be
enormous, not only from a technological point of
view but also from a cultural point of view. It
would be a contributory factor to changing the
way people think about conventional sources of
energy and solar energy.

Another advantage of Solar Thermal Power is
that it can easily use fossil fuels such as natural
gas as a back-up fuel or store high-temperature
heat to overcome the disadvantage of the
intermittency of sunlight.

PV Systems

PV panels are solid-state and are therefore very
rugged, with a long life. Currently, the
commonest panels are based on crystalline and
polycrystalline silicon solar cells. Their efficiency
has gradually increased, while costs have
declined. A major advantage of PV devices is
that they can be installed as stand-alone
systems, providing power ranging from
microwatts to megawatts. In 2009, sales of PV
modules for terrestrial applications exceeded
7 2001 700 MWp. The global market has been is
growing at a phenomenal rate: an average of
47% per annum over the past five years.

There is a growing trend towards the use of
passive solar in conjunction with Building
Integrated Photovoltaics. Passive solar building
designs can reduce the conventional energy
consumption by as much as 75%. Such designs
use knowledge of the position of the sun either

to allow sunlight to enter the building for heating
or to shade the building for cooling, and employ
natural ventilation and daylighting.

Solar Energy Storage Systems

As a result of solar energy’s intermittent nature,
the growth in worldwide usage will be
constrained until reliable and low-cost
technology for storing solar energy becomes
available. The sun’s energy is stored on a daily
basis by nature through the process of
photosynthesis in foodstuffs, wood and other
biomass. The storage of energy from intermittent
and random solar radiation can be achieved
artificially, by using energy storage technologies
(thermal storage, chemically-charged batteries,
hydro storage, flywheels, hydrogen, and
compressed air), some well-known and widely-
applied, whilst others are still under
development.

Thermal storage for solar heat and chemically-
charged batteries for off-grid PV systems are the
most widely used solar energy storage systems
today. However, there are many who think that
hydrogen produced using solar energy will
provide the long-term solution for solar energy
storage and much research is being undertaken
around the world. Only the future will tell
whether hydrogen will become cost-effective as
compared with other storage options.
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11. Geothermal

Geothermal Energy Uses

Geothermal utilisation is commonly divided into
two categories: electricity generation and direct
use. Whilst the six largest producers of
geothermal electricity are mostly major world
economies, the six countries with the highest
percentage share of geothermal in their power
production are all relatively small, with three out
of the top six being located in Central America, a
part of the world rich in high-temperature
geothermal resources.

‘Direct use’ encompasses a multitude of different
applications. Overall, ground-source heat pumps
account for nearly one-third of recorded direct
geothermal utilisation. This application is based
upon the use of normal ground or groundwater
temperatures, which are relatively constant and
are available everywhere. The World
Geothermal Congress indicates that the total
installed capacity of geothermal heat pumps
grew at an annual rate of nearly 21% over the
ten years prior to 2009. To date most
installations have been in North America and
Europe, although other parts of the world (e.g.
China) are beginning to develop significant heat-
pump capacity.

The principal other uses of (generally relatively
low-temperature) geothermal heat are bathing
and swimming, space heating, and
horticultural/aquacultural/agricultural

applications. The prominence of
bathing/swimming reflects the large number of
hot springs found throughout the world,
particularly in Japan. Geothermally-based space

heating has been developed to a high degree in
Iceland, where its market penetration has
reached around 90%. Geothermal power is
generated by using steam or a hydrocarbon
vapour to turn a turbine-generator set to produce
electricity. A vapour-dominated (dry steam)
resource can be used directly, whereas a hot-
water resource needs to be flashed by reducing
the pressure to produce steam, normally in the
15-20% range. Some plants use double and
triple flash to improve the efficiency, however in
the case of triple flash it may be more efficient to
use a bottoming cycle (a small binary plant using
the waste water from the main plant). Low-
temperature resources generally require the use
of a secondary low boiling-point fluid
(hydrocarbon) to generate the vapour, in a
binary or Organic Rankine Cycle (ORC) plant.

Technical Potential

The main advantage of geothermal heating and
power generation systems is that they are
available 24 hours per day, 365 days a year and
are only shut down for maintenance. Power
generation systems typically have capacity
factors of 95% (i.e. operate at nearly full
capacity year round), whereas direct-use
systems have a capacity factor around 25 to
30%, owing to heating not being required year
round. Heat pump systems have operating
capacities of around 10-20% in the heating
mode and double this if the cooling mode is also
included.
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Within the direct utilisation sector of geothermal
energy, geothermal heat pumps have world-
wide application, as the shallow ground
temperature is within their range anywhere in
the world. Traditional direct use heating is
limited to where the resource is available in
economic depths and where climate justifies the
demand.

At end-2008, approximately 10 700 MW, of
geothermal electricity generating capacity was
installed, producing over 63 000 GWh/yr.
Installed capacity for direct heat utilisation
amounted to about 50 000 MW,, with an annual
output of around 430 000 TJ (equivalent to
about 120 000 GWh).

The annual growth in energy output over the
past five years has been 3.8% for electricity
production and around 10% for direct use
(including geothermal heat pumps). Energy
produced by ground-source heat pumps alone
has increased by 20% per annum over the same
period. The low growth rate for electric power
generation is primarily due to the low price for
natural gas, the main competitor.
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12. Wind

Wind energy has been utilised by man for
thousands of vyears, initially to provide
mechanical energy and now to provide
electricity. It is available virtually everywhere on
earth, although there are wide variations in wind
strengths. The total resource is vast; one
estimate (Cole, 1992) suggests around a million
GW ffor total land coverage’. If only 1% of the
area was utilised, and allowance made for the
lower load factors of wind plant (15-40%,
compared with 75-85% for thermal plant) that
would still correspond, roughly, to the total
worldwide capacity of all electricity-generating
plant.

It has been found that the integration of wind-
generated electricity into regional or national
supply systems can be readily achieved, up to
the point when wind energy accounts for around
20% of total electricity consumption. Beyond this
point, some wind power may need to be
curtailed when high winds coincide with low
levels of demand.

The rapid growth of wind energy may be
demonstrated by noting that the projection for
2010 set out in the European Commission’s
White Paper on renewable energy (EC, 1997),
was 40 GW. That was 16 times the capacity in
1995, but the target was realised by 2005 and
by late 2009, European capacity was over
72 GW.

World wind energy capacity has been doubling
about every three and a half years since 1990
as is doubtful whether any other energy
technology is growing, or has grown, at such a

rate. Total capacity at the end of 2008 was over
120 GW and annual electricity generation
around 227 TWh, roughly equal to Australia’s
annual consumption. The United States, with
about 25 GW, has the highest capacity but
Denmark with over 3 GW, has the highest level
per capita, and production there corresponds to
about 20% of Danish electricity consumption.

Wind energy is being developed in the
industrialised world for environmental reasons
and it has attractions in the developing world as
it can be installed quickly in areas where
electricity is urgently needed. In many instances
it may be a cost-effective solution if fossil fuel
sources are not readily available. In addition
there are many applications for wind energy in
remote  regions,  worldwide, either  for
supplementing diesel power (which tends to be
expensive) or for supplying farms, homes and
other installations on an individual basis.

Most wind capacity is located onshore but
offshore wind sites have been completed, or are
planned, in China, Denmark, Ireland, Sweden,
Germany, the Netherlands, the UK and
elsewhere. By end-2009, over 1 500 MW was
operational. Offshore wind is attractive in
locations where pressure on land is acute and
winds may be 0.5 to 1 m/s higher than onshore,
depending on the distance from the coast. The
higher wind speeds do not presently
compensate for the higher construction costs,
but the chief attractions of offshore are its large
resource and low environmental impact.
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Several commercial types of wind turbine now
have ratings over 3 MW and diameters around
60-80 m; machines for the offshore market have
outputs up to 6 MW and diameters up to 126 m.

Machine sizes have increased for two reasons.
They are cheaper and they deliver more energy.
The energy yield is improved partly because the
rotor is located higher from the ground and so
intercepts higher-velocity winds, and partly
because they are slightly more efficient. Energy
yields, in kWh per square metre of rotor area,
are now double those of 1990 (Welke and Nick-
Leptin, 2006). In 2008, data from the Danish
Energy Agency showed that the most productive
machines delivered around 1 500 kWh per
square metre of rotor area. Reliability has also
improved steadily and availabilities of 95% or
more are common.

Wind Energy Costs

The cost of wind energy plant fell substantially
during the period from 1980 to 2004. Prices in
the 1980s were around US$ 3 000/kW, or more,
and by 1998 they had come down by a factor of
three. During that period the size of machines
increased significantly — from around 55 kW to
1 MW or more — and manufacturers increased
productivity substantially. In 1992, for example,
one of the major manufacturers employed over
seven people per megawatt of capacity sold, but
by 2001 only two people per megawatt were
needed. The energy productivity of wind turbines
also increased during this period. This was
partly due to improved efficiency and availability,
but also due to the fact that the larger machines

were taller and so intercepted higher wind
speeds. A further factor that led to a rapid
decline in electricity production costs was the
lower operation and maintenance costs.

Generation costs

No single figure can be quoted for the installed
cost of wind farms, as much depends on the
difficulty of the terrain, transport costs and local
labour costs. Generation costs depend, in
addition, on the wind speed at the wind farm site
— since this determines the energy productivity —
and on the financing parameters. The latter
depend on national institutional factors which
influence whether wind farm investments are
seen as high or low risk. Although there is a
broad consensus that wind turbines are now
sufficiently reliable to enable depreciation over a
20-year period, the ‘weighted average cost of
capital’ (WACC) may lie between 5% and 11%.
(The WACC is a weighted average interest rate
that takes into account the cost of both bank
loans and equity investments).

Typical generation costs are between
US 1 700/kW and US$ 2 600/kW, based on an
8% interest rate and a 20-year amortisation
period. The estimates suggest that generation
costs at US$ 2 600/kW range from just under
US$ 200/MWh at 6 m/s, falling to US$ 84/MWh
at 975 m/s. At US$ 1 700/kW, the
corresponding range is US$ 125/MWh to US$
53/MWh, respectively.

Although the largest wind turbines tend to attract
most interest, there is a wide range of sizes
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available commercially, from small battery-
charging machines with ratings of a few Watts,
up to, say 100 kW for farm use. A recent review
of this market (Frey, 2010) found 124
manufacturers and suggested the term ‘micro
SWTs’ be used for machines up to 1 kW output,
‘mini’ up to 10 kW output and ‘midi’ up to
100 kW output.

One of the more obvious environmental effects
of wind turbines is their visual aspect, especially
that of a wind farm comprising a large number of
wind turbines. There is no measurable way of
assessing the effect, which is essentially
subjective. As with noise, the background is
important. Experience has shown that good
design and the use of subdued neutral colours —
‘off-white’ is popular — minimises these effects.
The subjective nature of the question often
means that extraneous factors come into play
when acceptability is under discussion.

Numerous utility studies have indicated that
wind can readily be absorbed in an integrated
network at modest cost. Several studies have
been reviewed by the International Energy
Agency (2005). More recent estimates suggest
10% wind energy is likely to incur extra costs in
the range GBP 2.5-5/MWh (US$ 4-8/MWh) and
20% wind energy in the range GBP 3-6/MWh
(US$ 5-10/MWh), approximately (Milborrow,
2009). Beyond 20%, some wind power may
need to be curtailed on a few occasions if high
winds coincide with low demand, but there are
no ‘cut-off points. Practical experience at these
levels is now providing a better understanding of
the issues involved.

Projections of future capacity vary. Taking the
IEA’s cautious estimate of 422 GW for the
installed capacity in 2020 and assuming an
installed cost of US$ 2 000/kW suggests
investments of around US$ 522 billion will be
required over the next 10 years.
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13. Tidal Energy

The tides — cyclic variations in the level of the
seas and oceans — give rise to water currents
which constitute a potential source of power.
There are two basic approaches to tidal energy
exploitation: one exploits the cyclic rise and fall
of the sea level through entrainment, whilst the
other harnesses local tidal currents.

There are many places in the world in which
local geography results in exceptionally large
tidal ranges. Sites of particular interest include
the Bay of Fundy in Canada, which has a mean
tidal range of 10 m; the Severn Estuary between
England and Wales, with a mean tidal range of 8
m and northern France with a mean range of 7
m. A tidal barrage power plant has, indeed, been
operating at La Rance in Brittany since 1966 [2].

This plant, which is capable of generating
240 MW, incorporates a road crossing of the
estuary. It has recently undergone a major ten-
year refurbishment programme.

The basic approach is always the same: an
estuary or bay with a large tidal range being
enclosed by a barrier, often planned to include a
rail and/or road crossing, in order to maximise
the economic benefits. Electricity is generated
by allowing water to flow from one side of the
barrier to the other, through low-head turbines.
Various configurations have been proposed,
utilising single or multiple basin layouts.

Tidal current technology

The development of a tidal entrainment system
represents a substantial investment of time and

money, and many planners and engineers
favour the development of tidal current systems
which could be developed incrementally. Indeed,
it possible that a step-by-step development of
the tidal current resource might allow
subsequent advances in technology or
understanding of the resource to be
incorporated in later stages. The most
thoroughly documented early attempt to prove
the practicality of tidal current power was
conducted in the early 1990s in the waters of
Loch Linnhe in the Scottish West Highlands [6].
This scheme used a turbine held mid-water by
cables, which stretched from a sea-bed anchor
to a floating barge.

As tidal barrage systems are likely to cause
substantial environmental change, artificial
lagoons have been proposed as an alternative,
with their principal advantage being a greatly
reduced impact on the coastline and intertidal
zone. This concept, however, requires further
research.

A different way of harnessing the tidal potential
is to utilise the energy in tidal currents; various
experimental/demonstration schemes have been
implemented or are planned, in Europe and the
USA. The high capital costs of tidal barrage
systems are likely to restrict their development in
the near future. However, with interest in
entrainment schemes higher than in the past, it
is increasingly likely that new barrage and
lagoon developments will emerge in due course,
especially where they can be combined with
new transport infrastructure.
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14. Wave Energy

The Resource

Wave energy can be considered as a
concentrated form of solar energy, where winds
generated by the differential heating of the earth
pass over open bodies of water, transferring
some of their energy to form waves. The amount
of energy transferred and, hence, the size of the
resulting waves, depends on the wind speed,
the length of time for which the wind blows and
the distance over which it blows (the ‘fetch’).
Hence, solar energy can be ‘stored’ in waves so
that original solar power levels of typically ~100
W/m? can be magnified into waves with power
levels of over 1 000 kW per metre of wave crest
length.

Waves lying within or close to the areas where
they are generated (storm waves) produce a
complex, irregular sea. These waves will
continue to travel in the direction of their
formation even after the wind dies down. In deep
water, waves lose energy only slowly, so they
can travel out of the storm areas with minimal
loss of energy as regular, smooth waves or
‘swell’ and this can persist at great distances
from the point of origin. It is these ‘swell waves’
that are utilised by most wave energy devices
and coasts with exposure to the prevailing wind
direction and long fetches tend to have the most
energetic wave climates, such as the western
coasts of the Americas, Europe, Southern Africa
and Australia/New Zealand.

The global wave power resource in water depths
of over 100 m has been estimated as between
1 and 10 TW, while the economically exploitable

resource ranges from 140-750 TWh/yr for

current designs when fully mature, and could be

as high as 2 000 TWh/yr if the potential
improvements to existing devices are achieved.

In addition to the large size of the resource and

the lack of associated greenhouse gas

emissions, wave energy has several important
advantages.

e Qutside the tropics, storms are usually
more intense and frequent during winter,
which results in wave power levels being
higher in that season. Therefore, wave
energy provides good seasonal load-
following for those regions where peak
electricity demand is produced by winter
heating and lighting requirements (e.g.,
northern Europe, western Canada and
north-west USA);

e The generating costs of the first wave
energy devices are high, as all fixed costs
must be defrayed against the output of a
single installation. However, follow-on
schemes  should exhibit  efficiency
improvements and cost savings, as a result
of  design-optimisation and  series-
production. In order for generating costs to
be reduced to levels comparable with those
of other Renewable energy resources,
some form of interim subsidy would be
required.

Out of a plethora of proposals, there are several

promising technologies that are ready for

deployment. In order to realise their full
potential, these devices will require some

support, and this is becoming available from a

number of governments.
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15. Ocean Thermal
Energy Conversion

Ocean Thermal Energy Conversion (OTEC) is a
means of converting into useful energy the
temperature difference between the surface
water of the oceans in tropical and sub-tropical
areas, and water at a depth of Japproximately 1
000 metres, which comes from the polar
regionshe temperature differences in various
parts of the ocean, and for OTEC a temperature
difference of 20°C is adequate, which embraces
very large ocean areas, and favours islands
(Gauthier & Lennard, 2001) and many
developing countries (Lennard 2007).

Types of OTEC Plant

Depending on the location of the cold and warm
water supplies, OTEC plants can be land-based,
floating, or - now not such a longer-term
development - grazing. Floating plants have the
advantage that the cold water pipe is shorter,
reaching directly down to the cold resource, but
the power generated has to be brought ashore,
and moorings are likely to be in water depths of,
typically, 2 000 metres. The development of
High Voltage DC transmission offers substantial
advantage to floating OTEC, and the increasing
depths for offshore oil and gas production over
the last decade mean that mooring can now be
classed as 'current technology' - but remains a
significant cost item for floating OTEC. Land-
based plants have the advantage of no power
transmission cable to shore, and no mooring
costs. However, the cold water pipe has to
cross the surf zone and then follow the seabed
until the depth reaches approximately 1 000
metres - resulting in a much longer pipe which
has therefore greater friction losses, and greater

warming of the cold water before it reaches the
heat exchanger, both resulting in lower
efficiency.

Further OTEC Applications

An especial benefit of OTEC is that, unlike most
renewable energies, it is base-load - the thermal
resource of the ocean ensures that the power
source is available day or night, and with only
modest variation from summer to winter. It is
environmentally benign, and some floating
OTEC plants would actually result in net CO,
absorption. And a further unique feature of
OTEC is the additional products which can
readily be derived - food (aquaculture and
agriculture); pharmaceuticals; potable water; air
conditioning; etc. Many of these arise from the
pathogen-free, nutrient-rich, deep cold water.
OTEC is therefore the basis for a whole family of
Deep Ocean Water Applications (DOWA), which
can additionally benefit the cost of generated
electricity. Potable water production alone can
reduce electricity generating costs by up to one-
third, and is itself in very considerable demand
in most areas where OTEC can operate.

Depending on the location of the cold and warm
water, OTEC plants may be land-based, floating,
or ‘grazing’. Compared with fixed onshore
installations, floating plants have the advantage
of a shorter cold-water pipe, but incur mooring
and power-transmission costs. The concept of a
grazing OTEC plant has been linked to the
production of liquid hydrogen and liquid oxygen,
Unlike most Renewable energy technologies,
OTEC has the advantage of providing base-load
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power, available at a constant rate throughout
the 24 hours, and varying very little with the
seasons. OTEC plants can also be designed to
produce additional products: foodstuffs, through
aquaculture and agriculture; pharmaceuticals;
potable water; air conditioning; etc. The resulting
family of Deep Ocean Water Applications
(DOWA) can significantly improve the overall
economics of an OTEC scheme.

The commercialisation of OTEC/DOWA will
require the successful operation of a number of
demonstration plants. Efforts are presently being
concentrated on lining up suitable funding
sources to enable the demonstration stage to go
ahead.
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Conversion Factors and
Energy Equivalents

Basic Energy Units

1 joule (J) = 0.2388 cal

1 calorie (cal) = 4.1868 J

(1 British thermal unit [Btu] = 1.055 kJ = 0.252 kcal)

WEC Standard Energy Units

1 tonne of oil equivalent (toe) = 42 GJ (net calorific value) = 10 034 Mcal

1 tonne of coal equivalent (tce) = 29.3 GJ (net calorific value) = 7 000 Mcal

Note: the tonne of oil equivalent currently employed by the International Energy Agency and the United
Nations Statistics Division is defined as 10’ kilocalories, net calorific value (equivalent to 41.868 GJ).

Volumetric Equivalents

1 barrel = 42 US gallons = approx. 159 litres
1 cubic metre = 35.315 cubic feet = 6.2898 barrels

Electricity

1 kWh of electricity output = 3.6 MJ = approx. 860 kcal
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Representative Average Conversion Factors

1 tonne of crude oil = approx. 7.3 barrels

1 tonne of natural gas liquids = 45 GJ (net calorific value)

1 000 standard cubic metres of natural gas = 36 GJ (net calorific value)

1 tonne of uranium (light-water reactors, open cycle) = 10 000-16 000 toe
1 tonne of peat = 0.2275 toe

1 tonne of fuel wood = 0.3215 toe

1 kWh (primary energy equivalent) = 9.36 MJ = approx. 2 236 Mcal

Note: actual values vary by country and over time.

Because of rounding, some totals may not agree exactly with the sum of their component parts.
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