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Summary 
 
Wind resources and conversion technologies are reviewed, including an assessment of 
direct, social and environmental costs. The potential for greenhouse emission reduction 
is discussed. 
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1. Worldwide Distribution of Wind Energy Resources 
 
Winds are caused by differential heating of the atmosphere, in combination with Earth's 
rotation and friction within the atmosphere, and between the atmosphere and the surface 
of the Earth. Lorenz (1967) has estimated that about 1200 TW on average are used to 
sustain the general circulation, which is under one percent of incoming solar radiation, 
cf. Figure 1.  
 

 
 

Figure 1. Energy cycle in the Earth-atmosphere system without anthropogenic 
interference (unit TW) (Sørensen 1979). 

 
The kinetic energy in the circulation is 750 EJ, so the turnover time is around 8 days 
(Newell et al. 1969; Sørensen 1979). About half the energy is dissipated in the upper 
atmosphere, the rest near the surface. As only 3 TW are estimated as being used to 
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create waves (Gregg 1973), land surface are responsible for most of the fiction. Placing 
wind turbines near the ground helps this process. If windmills are placed at "good wind 
sites", this amounts to increasing the roughness of the surface, whereas at other 
locations, the windmills could be "replacing" other features that create roughness in the 
surface. One may then ask, what would be the effect of extracting power corresponding 
to a large part of the energy influx that maintains the circulation? These mechanisms 
have been discussed in Sørensen (1996): decreased evapotranspiration and increased 
friction near the ground, causing the apparent low-altitude wind speeds to become 
lower, although the gradient upwards might be stronger, because the stratospheric jet 
streams are unlikely to change. The appraisal concludes that even if the entire world 
electricity use were covered by wind, this would, at present, only constitute 
approximately 1 TW, which would be very unlikely to have any effect on global 
circulation. In other words, the general resource availability is huge, and real question 
is, how much of this resource mankind can harvest in a convenient way, and of course, 
how the resources are geographically distributed, as compared to the power demand. 
 
1.1. Physical Potential, Wind Maps 
 
The physical potential for wind energy extraction varies considerably between regions 
and even nearby locations. This is due to climatic circulation particulars as well as local 
differences in surface roughness. The energy flux associated with the wind is 
proportional to the third power of the wind speeds, which helps to expand the 
differences between sites. 
 

 
 

Figure 2. Summer and winter longitudinal winds (Sørensen 1979). 
 

The winds at a particular location on the Earth's surface are determined by the 
geostrophic wind aloft, and the roughness of the terrain (Sørensen 1979). The 
geostrophic winds follow regular patterns determined by the mid-latitude jet-streams 
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and the Equatorial trade winds (see Figures 2 and 3), but overlay the patterns of short-
term weather systems. The roughness is generally high for uneven topography, 
including built-up environments, and low for flat plains and open sea (Sørensen 1979). 
 

 
 

Figure 3. Streamlines of latitudinal wind patterns (mass transport in 109 kg s-1, a 
positive value means Northward motion aloft) (Sørensen 1979). 

 

 
 

Figure 4. Frequency spectrum of winds near the ground, showing synoptic periods (5 d), 
solar radiation effects (1 d) and turbulent motion (10 s) (Petersen 1975; Sørensen 1979). 
 
The height profile of wind speeds at a particular location depends on the stability of the 
atmosphere. A simple eddy diffusion model predicts a logarithmic height profile, where 
the height is scaled by the roughness parameter, and the velocity by an atmospheric 
stability parameter (Sørensen 1979). The variations in wind speed depend on passing 
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weather front systems, on the heating by sunlight, and for a short time scale, on stability 
(gustiness). Figure 4 exhibits clear peaks in the variance spectrum corresponding to the 
mentioned periods. Seasonal variations of the power of the wind vary with location, and 
in several countries (e.g. in Northern Europe) there is a variation that is anticorrelated 
with that of solar radiation (Sørensen 1975). 
 

 
 

 
 

Figure 5. Potential annual average production from decentralised wind turbine power 
plants near farms, i.e. on crop and range-land, with transmission and storage cycle 

losses subtracted (scale given in Figure 5a). 
 

Based on cartological information on topography and measured geostrophic winds, 
wind maps have been constructed, e.g. for Europe and the USA (Ellis et al. 1986; Troen 
and Peterson 1989). These maps divide the land into areas with average wind speeds in 
given intervals. The European map differs from the US one by using a classification 
according to geostrophic winds. In order to obtain the wind speeds near the ground, 
folding with roughness estimates are necessary. More recent methods for assessing 
potential wind power production use global circulation models to ensure the consistency 
of wind data measured at different locations and different heights, and to construct 
global maps that can be used also in regions without adequate data (due to the general 
validity of the circulation models). These models also allow wind power production to 
be estimated at different times and thus give information on variability between seasons 
and between years. An example of such estimates of potential wind power production is 
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shown in Figures 5 and 6, for wind turbines placed at a height of approximately 70 m on 
agricultural land and on marginal land, respectively (Sørensen 1999a, b). Environmental 
constraints and other land uses have been considered, leading to a maximum wind 
turbine swept area of 0.1 per cent of the land area. Also losses in conversion, storage 
and transmission to and from storage facilities have been considered in the study 
underlying Figures 5 and 6. 
 
1.2. Practical Potential for Wind Turbines 
 
The practical wind potential shown in Figures 5 and 6 is smaller than the physical one 
for a number of reasons. The physical potential generally increases with height, and at a 
given time, technological capability limits the height at which extraction is practical. 
Current wind turbines have hub heights of around 50 m, but only a decade ago the 
average hub height was much smaller. 
 
Other considerations include land use (considered below) and environmental aspects. 
Generally, these issues may be resolved differently for different societies, and 
depending on whether a semi-centralized or dispersed siting of wind turbines is 
preferred. Dispersed turbines can be more easily integrated into the landscape, but of 
course the total wind energy extraction may be less than the full potential. Centralized 
"wind parks" will cause more of an impact, and often this results in placing more 
turbines on a given land area, once it has been accepted for this purpose, than would be 
dictated by considerations of maximum extraction efficiency. In other words, the 
turbines are too close to each other and a certain degree of "shadowing" has to be 
accepted. Figure 7 indicates a calculation of the decrease in power output through a 
wind farm, as a function of separation between units (several other calculations confirm 
these reductions, see e.g. (Builtjes and Smit 1978). 
 

 
 

Figure 6. Potential annual average production from centralised wind turbine power 
plants on marginal land, with transmission and storage cycle losses subtracted (scale 

given in Figure 5a). 
 

Most modern wind turbines have break-in speeds of about 5 m s-1. This means that any 
power in the wind deriving from speeds below that limit will not contribute to output. 
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Turbines sensitive to low-winds usually have a very low level of power extraction at 
high winds (e.g. the American multiblade windmill type). Also, behavior at high winds 
plays a role. Some turbines will asymptotically reach a constant power output level, 
while others give no power if the winds speed is above a certain value. The result is that 
neither low nor extremely high winds contribute significantly to the average power 
production, and thus a site drawing a large fraction of its power from any of these two 
limiting situations will not be attractive for wind turbines of the kinds manufactured 
today. 

 

 
 

Figure 7. Model calculation of the reduction in wind power through a large windfarm 
with a regular turbine spacing. Based on Crafoord 1975; Sørensen 1979. 

1.3. Restrictions due to Competing Land Use 
 
The area planning in most countries sets aside certain areas for urban development and 
for recreational purpose, including the preservation of nature parks and landscapes of 
particular value. Some countries operate with planning zones, that exclude placement of 
energy equipment on coastal strips, which would conflict with the optimum use of wind 
power, because coastal strips are often most favoured by the wind. 
 
Again, there is a difference between the placement of individual wind turbines, which 
can be done near farms or other scattered settlements without seriously affecting land 
use planning, and setting aside dedicated areas for wind farms. The current tendency is 
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towards always considering a multi-purpose use of land areas, i.e. placing wind turbines 
alone or in clusters, but in such a way that it is possible to conduct agriculture between 
the turbines. This is feasible, because the actual area occupied by the turbines is small, 
and no restrictions on agricultural land use 1 and 2 rotor-diameters away from the 
turbine have to be imposed. Only access roads needed for maintenance of the turbines 
will subtract from the available land. Noise emissions (considered below) cause no 
serious conflict with this type of combined land use. 
 
Estimates of the impact of more or less stringent criteria for exclusion of areas for wind 
energy utilization has lead to estimates of up to 10 per cent of national land areas as 
being suitable. 
 
- 
- 
- 
 

 
TO ACCESS ALL THE 42 PAGES OF THIS CHAPTER,  

Visit: http://www.desware.net/DESWARE-SampleAllChapter.aspx 
 

 
Bibliography and Suggestions for further study 
 
Alder E (1920) Using wind power to produce electricity (in Danish), Ingeniøren, No. 78, pp. 595-598 
(similar practical work performed 1918-1924 by Vinding P and Jensen R J, who describes it in 1924, 
Ingeniøren, no. 50, pp. 585-587). 

Alfredsson P (1980) Proc. 3rd Symposium on Wind Energy Systems, Cranfield: British Hydrodynamic 
Research Association, pp. 469-484. 

Al-Karaghouli A.A., Alnaser W.E. (2004), Experimental comparative study of the performance of single 
and double basin solar-stills. Appl Energy 77(3), pp. 317-25. 

Al-Karaghouli A.A., Alnaser W.E. (2004), Performances of single and double basin solar-stills. Solar 
Energy 78(3), pp. 347-54. 

Al-Shammiri M., Safar M(1999). Multi-effect distillation plants: state of the art. Desalination , 126:45-
59. 

Bass J (1992) Noise assessment at carland cross wind farm site, in Proc. DTU/BWEA Workshop on Wind 
Turbine Noise, Harwell: ETSUN-123. 

Betz A (1920) Maximum theoretically possible use of wind through wind turbines (in German) Zeitchrift 
für das Gesamte Turbinenwesen, September 17. (The main assumption was developed in Betz A, Prandtl 
L (1919) Rotors with minimum energy loss (in German) Nachrichten ges, wiss. Göttingen math. Phys. 
K1., 1919, pp. 193-217. 

Betz A (1926) Wind energy and its exploitation (in German), Göttingen. 

Builtjes P J H (1978) Calculation of wake effects in wind turbine parks, Wind Engineering 2, 135-145. 

Chafik, E., 2003. A new type of seawater desalination plants using solar energy. Desalination  

Corrado Sommariva ,(2010),COURSES IN DESALINATION, Thermal Desalination 

Crafoord C (1975) An estimate of the interaction of a limited array of windmills, Stockholm: University 
Department of Meteorology report DM-16. 

https://www.eolss.net/ebooklib/sc_cart.aspx?File=D10-039


UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

RENEWABLE ENERGY SYSTEMS AND DESALINATION – Vol. I - Wind Energy - B. Sorensen 

© Encyclopedia of Desalination and Water Resources (DESWARE) 

Danish Academy of Technical Sciences (1975-76) Wind power 1-2, proposed action plan (in Danish, 
English translation available), Lyngby. 

Danish Department of Energy (1978) Newsletter no. 7 (in Danish), Copenhagen: Wind Energy Program. 

Danish Department of the Environment (1974) Recommendation no. 2 (in Danish), Copenhagen: 
Environmental Agency. 

Darrieus G J M (1990) US patent 1835018, 1931; recent experiments reported in Ashwill, T.D., Initial 
structural response measurement and model validation for the Sandia 34m VAWT test bed, Albuquerque: 
SAND 88-0633. 

Delyannis E. (2003), Historic background of desalination and renewable energies. Solar Energy 75(5), 
Elsevier pp. 357-66. 

Elliott D L (1986) Report DoE/CH 100934, Washington: US Department of Energy. 

Elliott D L (1991) As assessment of the available windy land area and wind energy potential in the 
contiguous United States, Pacific NW Lab. Report PNL-7789. 

ETSU and IER (1995) European commission DGXII Joule II programme Extern E project (external costs 
of fuel cycles), Coal fuel cycle, report no. 2, North Holland (in press). 

Eyre N (1995) European commission DGXII Joule II program ExternE project (external costs of fuel 
cycles), Wind fuel cycle, report no. 7, North Holland (in press). 

Florides G., Kalogirou S. (2004), Ground heat exchangers – a review. Proceedings of third international 
conference on heat power cycles, Larnaca, Cyprus, on CD-ROM. 

Fritsche U (1993) TEMIS in Life-cycle analysis of energy systems, Paris: OECD, pp. 103-111. 

Fritzsche E (1989) The health risks of energy production, Risk Analysis 9, 567-577. 

García-Rodríguez L. (2003), “Renewable energy applications in desalination: state of the art”, Solar 
Energy 75, 381-393.  

García-Rodríguez, L., 2002, Seawater desalination driven by renewable energies: a review. Desalination 
143: 103-113  

Gregg M (1973) Scientific American, February, 65-77. 

Gregorzewski, A. and Genthner, K., High efficiency seawater distillation with heat recovery by 
absorption heat pumps. Proceedings of the IDA World Congress on Desalination and Water Reuse, pp. 
97-113, Abu Dhabi, November 18-24, 1995. 

Grubb M (1993) Wind energy: resources, systems, and regional strategies, Renewable energy sources for 
fuel and electricity, eds. Johansson et al., Washington: Island Press, pp. 157-212. 

Holley W (1990) Low frequency sound from wind turbine arrays, European community wind energy 
conference, Madrid. Bedford: Stephens and Assoc. pp. 743-747. 

IPCC (1995) Climate change WG2, second assessment report, Kluwer Publ. (in press). 

Kalogirou S. (2004), Solar energy collectors and applications. Prog Energy Combust Sci, 30(3), pp. 231-
95 

Karameldin, A. Lotfy and S. Mekhemar (2003), The Red Sea area wind-driven mechanical vapor 
compression desalination system, Desalination 153, Elsevier pp. 47-53. 

Keast D (1978) Noise-control needs in the developing energy technologies, Washington: US Department 
of Energy, report COO-4389-1. 

Kottapalli S (1978) Proc. 2nd symposium on wind energy systems, Cranfield: British Hydrodynamic 
Research Association, pp. C4.49-66. 

Kudish A.I., Evseev E.G., Walter G., Priebe T. (2003),Simulation study on a solar desalination system 
utilizing an evaporator/condenser chamber. Energy Convers Manage 44(10), Elsevier, pp. 1653-70. 

Kuemmel B, Nielsen S and Sørensen B (1997) Life-cycle analysis of energy systems. Copenhagen: 



UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

RENEWABLE ENERGY SYSTEMS AND DESALINATION – Vol. I - Wind Energy - B. Sorensen 

© Encyclopedia of Desalination and Water Resources (DESWARE) 

Roskilde University Press. 

Ljunggren S (1988) Acoustic measurements of noise emissions from wind turbines, report from IEA 
program for R&D on wind energy conversion systems. 

Lorenz N (1967) The nature and theory of the general circulation of the atmosphere, Geneve: World 
Meteorological Organization Publ. 218TP115. 

M.A. Darwish , Iain McGregor, (2005), Five days’ Intensive Course on - Thermal Desalination 
Processes  Fundamentals and Practice, MEDRC & Water Research Center Sultan Qaboos  University, 
Oman 

Macqueen J (1983) Risks associated with wind turbine blade failures, IEE Proc. A 130, pp. 574-586. 

Madsen B T (1994) Consultancy report to the association of Danish wind turbine manufacturers, quoted 
in Naturlig Energi, September, p. 2. 

Manning C J (1981) The propagation of noise from petroleum and petrochemical complexes to the 
neighboring communities, CONCAWE report 4/81. 

Meibom P, Svendsen T and Sørensen B (1999) Trading wind in a hydro-dominated power pool system. 
International Journal of Sustainable Resources (in progress). 

Meyer H (1994) Costs of environmental externalities of energy production (in Danish), report R-770, 
Riso National Laboratory. 

Meyer N I (1990) Vedvarende enegi Denmark, Borgen Publ. Copenhagen. 

Milborrow D (1993) The UK off-shore windpower resource, Proc. Proc. 4th Int. Symp. on wind power 
systems, Stockholm, 1992, BHRA, Cranfield. 

Millow B. and Zarza E., Advanced MED solar desalination plants. Configurations, costs, future – Seven 
years of experience at the Plataforma Solar de Almería (Spain), Desalination 108, pp. 51-58, 1996.  

Møller T (1994a) Naturlig energi, September, p. 6. 

Møller T (1994b) AIM survey 1993 (in Danish), Vindstyrke, January, p. 1. 

Müller-Holst, H., 2007. Solar Thermal Desalination using the Multiple Effec Humidification (MEH) 
method, Book Chapter, Solar Desalination for the 21st Century, 215–225.  

Musgrove P (1978) In Proc. 2nd Int. Sysp. on Wind Energy Systems, Cranfield: British Hydromechanical 
Association, paper E4. 

Newell R (1969) The global circulation of the atmosphere, ed. Corby G, Englewood Cliffs: Prentice Hall, 
p. 42-90. 

Nielsen F B (1980) Placing windmills (report in Danish), Aarhus: School of Architecture. 

Nielsen P (1993) Energi-og miljødata, 3kv., p. 1-2. 

Nielsen P (1994) 500 MW windpower in Denmark (in Danish), Naturlig Energi, September, pp. 14-17. 

Nørgård J (1994) Low electricity Europe - sustainable options EOM, Brussels. 

Parekh S., Farid M.M., Selman R.R., Al-Hallaj S. (2003), Solar desalination with humidification-
dehumidification technique – a comprehensive technical review. Desalination 160, Elsevier pp. 167-86. 

Petersen E L (1975) On the kinetic energy spectrum of atmosphere motions in the planetary boundary 
layer, Risø Nat. Lab. Report 285. 

Rogers S (1977) Environmental studies related to the operation of wind energy conversion systems, 
Washington: US Department of Energy, report TID-28828. 

Sayig A.A.M. (2004), The reality of renewable energy. Renewable Energy, pp. 10-15. 

Sengupta D (1978) Electromagnetic interference by wind energy turbine generators, Washington: US 
Department of Energy, TID-28828. 

Skriver S (1994) Economic analysis of windmills (in Danish), Naturlig Energi, November and 



UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

RENEWABLE ENERGY SYSTEMS AND DESALINATION – Vol. I - Wind Energy - B. Sorensen 

© Encyclopedia of Desalination and Water Resources (DESWARE) 

December, pp. 12-14. 

Sørensen B (1975) Energy and resources. Science 189, 255-260. 

Sørensen B (1976) Dependability of wind energy generators with short-term energy storage. Science 194, 
935-937. 

Sørensen B (1978a) On the fluctuating power generation of large wind energy converters, with and 
without storage facilities. Solar Energy 20, 321-331. 

Sørensen B (1978b) The regulation of an electricity supply system including wind energy generators. 2nd 
Int. Symp. on Wind Energy Systems, Cranfield: British Hydrodynamical Research Association, pp. G1-
G8. 

Sørensen B (1979) Renewable Energy, London: Academic Press. 2nd edition expected out in 1999. 

Sørensen B (1981a) A combined wind and hydropower system. Energy Policy. March, pp. 51-55. 

Sørensen B (1981b) Wind energy, Renewable Sources of Energy and the Environment, eds. El-Hinnawi 
E E and Biswas A K, Dublin: Tycooli International, Chapter 4, pp. 98-116. 

Sørensen B (1986) The status of wind generators in Europe. Sydney: Energy Authority of NSW, report 
86/18. 

Sørensen B (1991) Energy conservation and efficiency measures in other countries, Greenhouse Studies 
no. 8, Canberra: Australian Govt. Press. 

Sørensen B (1992) Methods and models for estimating the global circulation of selected environmental 
emissions from energy generation, IAEA working document. 

Sørensen B (1993) Life-cycle analysis in the energy field, Proc.5th Int. Energy Conf. Energex 93, Korea 
institute of energy research, Seoul, 6, 66-80. 

Sørensen B (1993) What is life-cycle analysis? Life-cycle Analysis of Energy Systems, Paris OECD, 
pp. 21-53. 

Sørensen B (1994) Life-cycle Analysis of Renewable Energy Systems. Renewable Energy 5, 1270-1277. 

Sørensen B (1994) Renewable Energy System of the Future (in Danish), Copenhagen: Danish 
Technology Council report 1994/3. 

Sørensen B (1995a) The role of life-cycle analysis in risk assessment. Int. Journal on Environment and 
Pollution (accepted for publication). 

Sørensen B (1995b) Progress in wind energy utilization, annual review of energy and the environment. 
20, pp. 387-424. 

Sørensen B (1996) Does wind energy utilization have regional or global climate impacts? pp. 191-194 in 
"1996 European Union Wind Energy Conference, Gothenburg", Stephens and Ass., Bedford. 

Sørensen B (1999a) Long-term scenarios for global energy demand and supply: Four global greenhouse 
mitigation scenarios. Final Report for the Danish Energy Agency, IMFUFA Texts No. 359, Roskilde 
University. 

Sørensen B (1999b) GIS management of wind resource data. Proc. "1999 European Wind Energy 
Conference, Nice" (in progress). 

Soteris A. Kalogirou (2005), Seawater desalination using renewable energy sources, Progress in Energy 
and Combustion Science 31, Elsevier, pp. 242-281. 

Thomson M., Infield D. (2003), A photovoltaic-powered seawater reverse-osmosis system without 
batteries. Desalination 153(1-3), pp. 1-8 

Tiwari G.N., Singh H.N., Tripathi R. (2003), Present status of solar distillation. Solar Energy 75(5), 
Elsevier, pp. 367-73. 

Troen I (1989) European Wind Atlas, Roskilde: National Lab. 



UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

RENEWABLE ENERGY SYSTEMS AND DESALINATION – Vol. I - Wind Energy - B. Sorensen 

© Encyclopedia of Desalination and Water Resources (DESWARE) 

Tzen E., Morris R. (2003), Renewable energy sources for desalination. Solar Energy 75(5), Elsevier, pp. 
375-9. 

United Nations, Water for People, Water for Life – UN World Water Development Report, UNESCO 
Publishing, Paris, 2003.  

Van Bussel G J W (1978) Flow visualization study of the boundary layer on rotating tipvanse, Delft: 
University of Technology report M-302. 

Van Wijk A J M (1993) Wind energy, Renewable Energy Resources, London: World Energy 
Conference, Ch. 3. 

Van Zuylen E J (1993) Comparison of the financing arrangements and tariff structures for wind energy in 
European community countries, Utrecht: Ecofys Consults. 

Windstats Newsletter (1987-1994) A quarterly survey of wind turbine performance, Knebel Denmark. 

Wiseman, R., Desalination business “stabilised on a high level” – IDA report, Desalination & Water 
Reuse 14(2), pp. 14-17, 2004.  


