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Wind Energy

Marc S. Chappell, Finn Ingebretsen, Hans Larsen, Joergen Loevseth,

and Jorge A. Gil Saraiva*

1. General Perspectives

In considering the question «Where
should wind energy technology be in 25
years from now?» and the concomitant
«What needs to be done to get there?», the
group made two general observations.
Firstly, in some countries wind energy
could contribute 10% or more of national
electricity supplies (in absolute terms a
very large amount of energy indeed). Sec-
ondly, it was anticipated that although sig-
nificant research and development is still
needed to achieve these levels of energy
contribution it will be predominantly evo-
lutionary, rather than revolutionary in na-
ture.

Considerable progress has already been
made towards adequate understanding of
the major aspects of wind energy conver-
sion technology, viz:

characterization and assessment of the

resource;

— performance and energy conversion;
— structures and materials;
— integration and exploitation.

Indeed, two general configurations of
wind energy conversion systems (WECS)
have emerged from an almost infinite array
of conceivable mechanisms: the horizontal
axis wind turbine HAWT) and the vertical
axis wind turbine (VAWT). Both have simi-
lar technical potential, somewhat similar
technical problems, and indeed much of
the wind energy R&D done to date is
equally applicable to both configurations.

* For correspondence address, see List of Participants,
p.242.

In considering the overall-system as-
pects of wind energy conversion, the group
noted that as the resource is already in the
form of kinetic energy, it is inherently sen-
sible that the conversion process(es) retain
the high quality of the resource energy.
Therefore, conversion of wind energy to
mechanical and/or electrical energy is ap-
propriate. Given the distributed nature of
the resource, conversion to electricity has
the added attraction of enabling wind en-
ergy to be integrated into existing electrical
distribution networks. Moreover, tech-
niques and equipment for further conver-
sion of «aeroelectricity» into other energy
sources are readily available, highly effi-
cient, and cheap.

Notwithstanding the above, it is impor-
tant that research and development of
smaller non-electric wind energy systems
be supported. Although such systems may
not make significant contributions to na-
tional energy supplies, small wind energy
systems (e.g. water pumps) are expected to
be very important for technosociological
growth in certain countries.

Wind energy conversion systems are
chemically benign. They do not contribute
to any form of chemical pollution, but they
may have minor aesthetic, acoustic, and
electromagnetic environmental impacts. A
major environmental problem in the long
run in some countries may be a limited
number of acceptable on-shore sites for in-
stalling wind turbines.

2. Research Requirements

The basic tenets of wind energy technol-
ogy and economics are understood, but
substantial near- and longer-term research
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requirements have been identified as neces-
sary for proper development and exploita-
tion of this renewable energy resource.

2.1. Characterization and Assessment of
the Resource

A better knowledge about the flow field
is necessary for the development of better
WECS, not only to improve the efficiency,
but also to cope safely with extreme condi-
tions and consequent design loads and fa-
tigue problems. Hence, the characteristics
of the Earth Boundary Layer (at the sites
of installation) must be further assessed,
namely the characteristics of turbulence
(spectra, spatial correlations), extreme val-
ues of wind velocity, and the effects of to-
pography. At the same time the phenom-
ena of interference between wind and ma-
chine (machine elements) and between ma-
chines will have to be examined in much
greater depth to establish adequate
methodologies. In particular, research is
needed to enable accurate and reliable
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6. Recommendations

@® Increase understanding of the resource

characteristics by research on:

— scale frequency of transients, ranging
from turbulence (with significant ef-
fects on WECS) to longer-term varia-
tions (which affect energy capture
and survival design criteria);

— further develop methodologies for
translation of large-area wind maps
(wind atlases) into wind load data ac-
counting for topographical influ-
ences;

— develop windspeed forcasting meth-
ods (perhaps involving satellite data)
to improve wind energy prediction
and thus increase capacity credit;

— investigate in detail the interaction
mechanisms between the wind and
the WECS, and between neighbour-
ing WECS in arrays or clusters.

® Improve understanding of material and

structural requirements of WECS, espe-

cially:

— better fatigue data for currently used
materials;

— development of materials designed to
WECS requirements;

— co-optimize aerodynamic and struc-
tural-dynamic design of the entire
WECS.

® Increase exploitability of WECS by de-

vising and assessing special systems and

applications well-suited to the variable,

high-quality nature of wind energy.

Applications might include:

— material extraction (desalination)
from seawater;

— «freezing factory» with its inherent
energy storage.

Special systems might include:

— ultralight (collapsible) constructions
for very low wind requirements;

— jet-stream WECS tethered by power-
delivery cables.

In certain circumstances, novel applica-

tions may require novel conversion

mechanisms from the rotor-shaft power

to end-use energy formi.

® Together with proponents of other

forms of renewable energy, create and
develop economical forms of energy
storage, with particular attention to
storage of higher forms of energy such
as electrical and mechanical energy.
Furthermore, perform detailed and
wide-ranging systems studies of wind
energy systems combined with other re-
newable and conventional energy sys-
tems with the goal of establishing sym-
biotic combinations that are mutually
beneficial, perhaps with little or no stor-
age.

@® Improve infrastructural aspects includ-

ing:
- methodologies for comparative cost/
value analyses;
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- understanding/appreciation of inte-
gration difficulties;

— knowledge of environmental im-
pacts.
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