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The development of airborne wind energy [AWE] systems go a long way back, and the 
paper «Crosswind Kite Power» by Miles Loyd stated there were two ways to harvest energy 
from kites, being lift and drag mode. The terms lift and drag were already quite heavily used 
both in aerodynamics and in traditional windmill classification, with unrelated meaning. The 
heavy overloading of the terms would case confusion in the community. This paper aims to 
replace the wording and improve the taxonomy. 

In this paper, we will present some ways to classify airborne wind energy designs that 
should cover known designs so far, except those so exotic as their relevance is still very 
uncertain. 

What do all AWE designs have in common? They utilize the difference in flow speed at 
altitude versus that at the ground level. Without any such difference, there is no energy to be 
extracted.  

An edge case would be considering something like dynamic soaring [4] to be AWE. 
Dynamic soaring would use a difference in wind speed at two altitudes. We will not include 
such in our definition of AWE for now, as it seems unrelated to producing electricity or 
fueling transport. 

In horizontal axis windmill designs, one generally refers to the blades of the turbine. For 
AWE, one generally speaks of kites. There are corner cases though where we are definitely 
dealing with airborne blades that are not themselves kites. One may refer to such as a 
tethered assembly of blades operating as a kite. To make things simpler, we will refer to any 
lifting surface, be it a rigid airfoil, an inflatable soft kite, gyrocopter or other design that 
could crop up, as a turbine with blades. This also helps AWE terminology to stay alogned 
with traditional wind power. 

The main way to categorize airborne wind energy systems is whether they are of «hovering» 
or «bounding» mode of operation. We foresee that «hovering and bounding» mode is 
possible. 

To understand the difference between hovering and bounding, look to the meaning of the 
words, related to bird flight. Hovering simply means flying without moving. Bounding 
flight is described in [2] as: 

«These flights consist of bursts of active flapping flight alternating with passive 
phases, formed by glides in undulating flight and by “bounds” with folded wings in 
bounding flight. Mechanical energy does not flow steadily from the bird to its 
environment, but is stored temporarily in the bird's body in the form of kinetic or 
potential energy.» 



While an AWE plant producing energy in hovering mode will stay mostly stationary relative 
to a reference point on the ground, the bounding mode plant will let the blades drift 
downwind and use the changing tether length to extract energy. The way the bird in 
bounding flight will tuck its wings close to its body resembles the kites of an AWE plant 
may try to reduce the drag of the blades while reeling in the tether in a return phase. 

Bounding versus hovering classification is important because it is one which is rather 
unique to AWE relative to traditional wind power. 

Some special discussion must be done for using AWE as a means to pull a cart or a ship. 
Once the cart starts moving, the cart will observe an increased apparent wind. If the AWE 
plant on the cart or ship is used to generate traction in somewhat the direction of travel, the 
plant is said to be operating in bounding mode. This holds true even if the cart or ship never 
depowers the kites or blades in order to return to its origin. 

Furthermore, [3] concludes that hovering [drag] power systems can harvest up to 16/27 of 
the power available in the wind and bounding systems [lift] can only harvest 4/27 of the 
same power. Note that the paper only discusses hovering and bounding systems on a 
stationary ground station. 

— 

Another dimension over which we may want to classify AWE designs is in the means they 
transfer energy which is harvested at altitude down to the ground level where it may be 
utilized. The common methods are given in table 1. 

Pulling The kites or blades pull a tether. This is normally associated with a 
bounding mode design



Table 1: Means of transmitting energy in AWE plants 

— 

As AWE is a young field with high variation in the design space used, we may also choose 
to categorize AWE designs over a series of binary categories, presented in table 2. Note that 
these categories are indicative, and may not fit accurately to any particular design. 

 Table 2: Binary categories for AWE designs 

Electrical The power is transferred to the ground by means of conducting cables

Rotary The power is transmitted as torque to the ground through a shaft. The 
shaft may commonly be rigid, or tensile by using ropes under tension and 
kept at a distance by rigid elements or aerodynamic forces

Reeling The design features a tether as a loop, reeling endlessly

Active versus passive Do any airborne parts of the plant have actuators that are 
not directly powered from the ground

Rigid versus soft If the kites/blades are more or less fixed in shape or 
supported by pressure and bridles

Ground gen or fly gen Where is the main power generator placed, on the ground 
or on the kite

Single or multi kite Does the plant feature a single blade or kite. If many 
blades for a single rigid structure, it is assumed to be 
single kite. 

Self-erect versus lifted Is lifting of the blades into the air done by the turbine 
kites or blades themselves, or is a structure separate from 
the turbine required to stay airborne
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