THE ECONOMICS OF VTOL CIVIL AIRCRAFT

By A. Peaker*

This paper attempts to assess the likely commercial viability of VTOL civil aircraft
over the next decade. It examines the relative operating economics of various VTOL
types which have been proposed and their likely competitiveness with other forms of
travel. Finally it turns briefly to the social externalities that their introduction into
inter-city service would cause.

VTOL AIRCRAFT TYPES

Attention is confined to aircraft types which appear to be technically feasible and
which, it has been suggested, would prove suitable for use on inter-city services of
100400 miles length. All are designed to carry 80 passengers when fully loaded. In
the first instance the types considered have a design range of 200 miles.

Firstly there are rotorcraft. There are various types; Table 1 shows their potential
cruising speeds and altitudes.

TasLE 1
Rotorcraft
Cruise Altitude Cruise Speed
St mph

Conventional helicopter 1,500 230
Compound helicopter 1,500 290
Stowed rotor helicopter 5,000 450
Tilt wing aircraft 20,000 400

The compound helicopter has, in addition to its main rotor, a number of extra
engines for use in forward flight. These extra engines are orginary jet engines and
may drive propellers or use direct jet thrust. The stowed rotor helicopter is powered,
like the compound, by a combination of its rotor and other engines for forward
flight; but when in forward flight the rotor may be stopped and stowed out of the
way—thereby permitting much faster and more efficient cruising. The tilt wing
aircraft is powered by propellers, either two or four, which are mounted, with the
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engines, on the wings. The wings may be tilted backward through 90-100°. In
cruising the tilt wing plane resembles a normal plane, but for take-off and landing
it is converted into a form of helicopter by tilting the wings until the propellers can
be used as rotors.

Conventional helicopters are already in use. Compound helicopters could be in
service by the mid-70’s. Tilt wing planes exist, but only in prototype form in the
U.S.A. Stowed rotor helicopters have not yet been built, but they could possibly be
available by 1980-85.

Secondly there are jet lift VTOL aircraft. These employ downward directed jets
to provide lift at landing and take-off. The VTOL airliner considered here would be
designed to cruise at 450 m.p.h. at a height of 20,000 ft. 1t could be available and in
commercial use in the 1980s.

Direct Operating Costs

There are two important categories of costs associated with operating a scheduled
air service—direct and indirect. The direct costs are those of running the aircraft
themselves, including crew costs, fuel, insurance, maintenance and depreciation.

In order to calculate direct costs it was necessary to assume the utilisation of the
aircraft which would be attained in service and also the number of aircraft produced,
since this affects the unit cost. Utilisation was assumed, rather conservatively,
to be 3,000 hours a year. It was assumed that the number of each airframe produced
would be 300. It would be uneconomic, with R. & D. costs at their present level, for
aircraft producers to have smaller production runs; and if the number produced
were greater this would have little effect on depreciation costs.

The computed direct operating costs were relatively high over short stage lengths
and diminished progressively, but at decreasing rates, as the stage length increased.
Over the shorter stages the helicopter and the tilt wing aircraft are the cheapest;
but this superiority is soon lost as stage length increases. At a stage length of around
60 miles the cheapest form has become the jet lift VTOL aircraft, and this type
remains the cheapest over longer stage lengths. Table 2 details some illustrative
values of direct operating costs for various stage lengths.1

TABLE 2

Direct Operating Cost per Seat Mile (Pence)
[Converted from U.S. $ at a rate of $2-50 = [1]

Aircraft type Stage Length (miles)
10 25 50 100 200
Helicopter 1-2 0-8 0-75 0-7 0.7
Tilt wing 1-4 0-9 0-8 0-7 0-7
Compound helicopter 1-5 1-0 09 0-8 0-75
Jet lift VTOL 1-8 1-2 0-8 0-6 05

1The principal source used here for direct operating costs is [1].
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It is clear, however, that:

(a) differences in direct operating costs are small. On a 200 mile journey the
maximum difference is about 40p per seat. On shorter journeys it is even less;

(b) on the shortest journeys the helicopter and the tilt wing look the cheapest;
but the differences in absolute money terms are slight.

Indirect Operating Costs

An airline operating scheduled services has to meet certain indirect operating
costs. These are the costs not directly associated with the flights and the type of
aircraft used. They include the costs of passenger service, airport or station costs,
sales, administration, advertising, and so ou.

Typically these indirect costs per passenger vary but little with the length of the
journey [2]. For conventional airlines they may be as high as £4-40 per passenger
enplaned (1967 prices). We will use this figure in the following analysis. If it should
prove possible and commercially desirable to provide short haul VTOL services on
the lines of a bus service with no reservation system, indirect costs would of course be
much less.

On a journey of 100 miles the indirect cost per passenger will be 0-4p per mile, on a
30 mile trip about 1-4p per mile. The indirect cost is therefore comparable in magni-
tude to the direct operating cost on short flights.

CHOOSING A VTOL AIRCRAFT FOR THE LATE SEVENTIES

It appears that the operating costs of the various types of possible VTOL aircraft
are likely to be so similar that they do not enable us to determine which type is most
likely to be commercially attractive in the late 1970s and the 1980s. It is necessary
therefore to consider the other possible determinants.

These are: (1) passenger travel time; (2) environmental effects, particularly noise;
(3) the accessibility of V/STOL airports to the origins and destinations of travellers;
(4) terminal costs. In practice items 3 and 4 are likely to be very dependent on the
magnitude of item 2.

Journey Travel Times

The cruising speeds of the various aircraft types, and therefore their flight times
over given stage lengths, differ considerably. Estimates were obtained of these times
over various stage lengths for each type of aeroplane. The speedier the aeroplane
the more likely it is to prove commercially viable.

There is not a direct inverse relationship between cruise speed and flight time
Different types of VTOL planes take different times to attain their cruise speed and
to land from the cruise. Figures generated in [1] were used to complete Table 3.

It is clear from Table 3 that at the shortest ranges the two quickest aeroplanes are
the tilt wing and the jet lift. The helicopter and the compound helicopter also
perform well. There is little to choose between these four designs at stage lengths
up to 30 miles.

Over the longer ranges (100-200 miles) the most suitable designs appear to be the
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tilt wing, the jet lift, and the stowed rotor. The slowest of these would, according to
the estimates, take only 5 minutes longer than the quickest over this distance. By the
criterion of journey time the best type for all distances seems to be the jet lift aero-
plane. At the longer stage lengths it also has the lowest operating costs.

On shorter stages, however, the operating cost of the jet lift considerably exceeds
those of the tilt wing and the compound helicopter. On stages up to about 80 miles
the compound helicopter, and on stages up to about 120-130 miles the tilt wing
aircraft, may prove to be competitive with the jet lift. '

Environmental Effects, Accessibility and Cost of VTOL Airports

The environmental effects, the location of VTOL ports and their construction
costs are clearly intimately related. In general, the more accessible the heliport the
greater the environmental nuisance it will cause and the greater will be its con-
struction cost. There is clearly scope here for conflict between local government and
aeroplane operators. It is possible that operators might consider bearing some cost
to reduce environmental damage if they were to be rewarded by closer accessibility
to their markets. This might influence their choice of the most desirable VTOL
aircraft. :

The main environmental effect seems to be the noise nuisance which these aircraft
will generate. The problem will be least with rotor craft and greatest with jet lift
aircraft. As argued later in this paper, noise nuisance seems likely to impose such
costs on the local community in built-up areas as to make inner city VIT'OL ports
undesirable on social grounds and also, indeed, to mean that few cities in Europe,
and certainly in England, even have room for a VTOL port in central areas without
extensive demolition of property in good condition.

Conclusion

On stage lengths of up to 100 miles the compound helicopter and the tilt-wing
aircraft seem the most likely VTOL aircraft to be commercial viable in the late
1970s. The tilt wing aircraft, however, presents large technical problems. For stages
of 130-200 miles the jet lift aircraft is likely to be the most commercially attractive
of VTOL types. On longer stage lengths, up to 400 miles, the best form of VTOL
aircraft (whether assessed by operating costs or by journey time) will be the jet lift
aircraft. There would seem to be no outstanding technical problems to hinder the
construction of compound helicopters or jet lift airliners for such services. The
remainder of this paper is confined to an examination of the compound helicopter
and jet lift aircraft only.

COMPETITIVENESS OF INTER-CITY VTOL

In order to assess the likely competitiveness of inter-city VTOL in the late 1970s
and the 1980s it is necessary to estimate likely fare levels and journey times for
various modes of travel and to compare them. This we attempt to do in Table 4.
Note the very great relative importance of the indirect operating costs of the airline.
It is quite conceivable that procedures will be streamlined so as to reduce these costs
by 1980. This is particularly likely if it proves possible to operate air services as bus
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services, and it will be facilitated on international flights by U.K. entry into the
E.E.C. and consequent easing of customs regulations.

The Comparative Performance of Air and Surface Transport

We compare below the relative performance of the aeroplanes, the ordinary
train and the proposed advanced passenger train. In order to do so we first estimate
the cost to the traveller of using these latter modes. For the ordinary train we have
used a fare of 2p per mile. It is difficult to discover a reasonably likely fare for the
A.P.T. when it is introduced; we therefore use a figure 50 per cent higher, i.e. 3p
per mile.

All these figures are at 1970 prices. To make them comparable with the flying
costs generated above we must allow for any inflation between 1970 and 1980.
Making the same assumption as we did in computing 1980 air fares of a 4 per cent
annual rate of inflation, we derive the costs detailed in Table 5.

TABLE 5
Estimated Fares in 1980

Train APT

Cost/mile/person 3p 4-4p

The method we use to assess the different modes of travel is to compare the time
saved by the use of the faster means of transport with the extra cost to the traveller.
Table 6 details our estimates of the speeds and costs of the various modes in 1980 over
various distances.

No allowance has been made for the time needed to reach the various terminals
and for services there. This introduces little bias to our results if we suppose that by
1980 the air services would be provided with speedy facilities for luggage loading.
The origins and destinations of inter-city travellers are so dispersed within the cities
that, wherever the public transport “station” is sited in the city, the time taken to
reach it is roughly the same when averaged over all travellers. This applies also to
existing conventional airports.

Table 7 is derived from Table 6. It details the range into which a traveller’s
subjective valuation of his own time (or his firm’s valuation, if it is a business trip)
must fall if he is to use the indicated mode of travel. The values have been con-
verted to their 1970 equivalent.

Table 7 leads one to conclude that a scheduled helicopter service would not be
viable. Over the ranges at which the helicopter is the most attractive form of air
transport it is hopelessly expensive relative to the train. Of course the helicopter
would be viable if it were subsidised, as (e.g.) most helicopter feeder services to
airports are in the U.S.A. However, it would be socially undesirable to encourage
short-haul helicopter services when the figures reveal them to be so much more
costly and less efficient than surface modes of transport over short distances.

Over the longer distances, however, the jet lift VTOL plane seems likely to attract
a sizeable share of the market, particularly on journeys of 200 miles, for which all
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TABLE 6

Comparative Performance 1980

Type of Trip Train APT Helicopter Fet Lift Atrbus
: (Compound)

10 mile urban
Speed (m.p.h.) 40 —_ 155 — —
Time (mins.) 15 — 4 — —
Cost (£) 0-30 8-80

25 mile
Speed (m.p.h.) 60 215
Time (mins.) 25 — 7 — —
Cost (£) 0-76 9-20

50 mile inter-urban
Speed (m.p.h.) 80 100 248
Time (mins.) 37 30 12 — —
Cost (£) 1-50 2-20 10-0

100 mile inter-urban
Speed (m.p.h.) 80 110 268 396 300
Time (mins.) 75 55 22 15 20
Cost (£) 3-0 4-4 11-20 11-0 10-60

200 mile inter-urban
Speed (m.p.h.) 80 120 421 320
Time (mins.) 150 100 — 28 38
Cost (£) 6-0 8-80 12-80 12-0

TABLE 7

Modal Split, as Indicated by Values of Time 1970
L Sterling per Hour

Trip length Train APT Compound Fet Lift
Helicopter
10 under £46 — £46 plus —
25 under £23 — £23 plus —
50 under L7 L£7-£29 £29 plus —
100 under £4 £4-£8-80 — over £8-80
200 under £3 — — over £3

those with a 1980 value of travel time in excess of £3 per hour (measured in 1970
prices) would use it. This suggests that VTOL would attract a considerable slice of
the market. Air travellers, for example, would all prefer to fly by VTOL in prefer-
ence to using airbuses. (If, however, the premium charged for flying VTOL were
greater than we supposed in our calculation (see Table 4), this would not necessarily
be true.)
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Longer Stage Lengths

Over longer stage lengths air will increase its relative attractiveness to the traveller
vis-a-vis surface transport and, as is observed today, will gain a larger share of the
total number of trips. The relative superiority of the jet lift VT'OL to the airbus will,
however, diminish with increasing stage lengths. The total market for inner-city
to inner-city VTOL therefore appears likely to be somewhat restricted, being con-
centrated in stage lengths of about 200 miles, and attracting only those travellers
over this distance who value their time highly.

The Effect of the English Channel

The fact that England is separated from the rest of Europe by a stretch of water will
encourage the use of aeroplanes for European inter-city travel from London. In the
absence of a Channel tunnel, surface modes of transport must utilise sea-borne
facilities for a part of the journey between major Continental and English cities.
This has the effect of lengthening journey times and further reinforcing the attractive-
ness of air travel, and correspondingly increasing its commercial viability.

Air travel will still remain attractive if a Channel tunnel is constructed and the
London-Folkestone line modified to cope with high speed trains. British Rail has
estimated that the London-Paris time by A.P.T. via a Channel tunnel would be
about 2 hours 40 minutes.2 As the crow flies the distance is only about 225 miles.
The jet lift VTOL operating from city centre to city centre would prove very
competitive. Table 8 details the relative performance of jet lift VTOL and the
A.P.T. (via the Tunnel), London to Paris. The aeroplane seems likely to prove
commercially viable in competition with the A.P.T.

TABLE 8

Comparative Performance 200 Mile Range

Type Time Price (£) Mode chosen if 1980 value of
(mins.) time (in 1970 prices) is:
APT 160 £9 less than £1-70
VTOL 28 £12-80 more than £1-70

Conclusion

It seems quite likely that in the late 1970s and the 1980s inner-city to inner-city
VTOL would be commercially viable over stage lengths of 150-300 miles. Jet lift
aircraft are likely to be more attractive to operators and travellers than helicopters.
These stage lengths are those over which the greatest number of short-haul air
passengers fly. They correspond very well to the distances between the major
European cities. It therefore seems very likely that pressure will be brought to
bear in the future for the construction or inner-city VT'OL ports capable of handling
jet lift aircraft in the centres of major European cities.

2Statement by the British Channel Co. Modern Railways, July 1973.
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ENVIRONMENTAL EFFECTS OF VTOL OPERATION

The introduction of inner-city VTOL services between inner-city sites would cause
a number of adverse environmental effects in the cities. These would be:

Noise nuisance

Air pollution

Danger of aircraft crashing into the city
Vibration damage

Appropriation of valuable urban land.

Two of these seem unlikely to be important: air pollution and (with multi-
engined aircraft) crash danger. Vibration damage would be an unknown quantity;
some inner-city helicopter services have disturbed buildings, and vibration from
heavy road traffic has also upset older buildings. More can be said about the remain-
ing two effects, both of which are likely to prove important.

Aircraft noise of 90 PNdB is very loud; it is accepted as too loud for noise-sensitive
institutions such as hospitals. Residential areas, which are regarded as less noise-
sensitive than hospitals and schools, etc., should not be subjected to noise levels
above 90 PNdB, according to the recommendation of the Wilson Committee on
Noise [4].

The area of land subject to noise exceeding 90 PNdB would be about 0-88 square
miles at take-off and landing of a VTOL jet lift plane. It would be about 0-34 square
miles for a large helicopter ([3], note 6, Table 4). These areas represent “sterile”
land which cannot be used for residential property or for highly noise-sensitive units
such as hospitals and schools. Two points stem from this. The first is that it is well-
nigh impossible to fit VT'OL ports into central city areas without demolishing
hospitals, schools and/or houses which have not reached the end of their respective
economic lives, unless one violates the Wilson Committee recommendatoins.3
The second is that strictly one should include some part of the land value of this
larger area in the terminal cost of the aircraft operators, for the siting of their
terminal will detract from the amenities offered by the land. Both these factors
should therefore, if properly costed and charged to operators, contribute to VTOL
terminal costs, and, one must suspect, by very large amounts.

The total noise cost, however, is not borne only by the noise-sterile zone, in which
noise is considered intolerable. Beyond this zone the aircraft noise will cause disturb-
ance and annoyance. The extent of this may be judged by the Noise and Number
Index (N.N.I.), which the Wilson Committee [4] found to be the best measure of
noise nuisance. This index combines noise levels (PNdB) with their frequency of
occurrence. At N.N.I. values exceeding 35 people are troubled by aircraft noise.

One cannot assess N.N.I. without making some assumption about the frequency
of take-off and landing. If, for example, 200 aircraft movements per day are assumed
(100 take-offs and 100 landings), the 35 N.N.I. contour encloses an area about four
times that enclosed by the 90 PNdB contour [3]. The noise-affected zone therefore
clearly greatly exceeds the “noise sterile” areas. The jet lift aircraft, for example,

3A recent study of the feasibility of siting inner-city VTOL ports undertaken by the Transport
Research Group of the University of Southampton reaches this conclusion.
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which we argued above was very likely to be commercially viable in the late 1970s,
would affect an area of 3-6 square miles. In central London, or any other major
European city, that area has a very large number of people living or working in it,
and represents a very valuable piece of land. Within the noise-affected zone the
actual land taken by the terminals would be small, particularly for VTOL craft.

CONCLUSION

This paper argues that inter-city VTOL services from inner-city VI'OL ports
are very likely to become commercially viable in the late 1970s. It also tries, all too
briefly, to indicate the magnitude of the threat this poses to urban amenities and the
standard of life. Where does the balance of advantage and disadvantage lie?

If provided, inner-city VTOL ports will be used by a select few of those travelling
by air. If we can judge from the observed air/motor-car choice of travel mode in the
U.S.A., where air services are at present much more developed than in Europe, only
a small proportion of those travelling will choose to fly. The provision of inner-city
VTOL ports would therefore benefit only a very small proportion of travellers.

The gain to those using inter-city VTOL between European city centre airports
would be measured in minutes. Over longer distances airbuses operating from
planned and existing non-central airports would take very little longer than VTOL
services. Over shorter distances car and train compete well for time and convenience
with VTOL services.

The price of this small gain by a relatively small group of travellers would be the
disruption and restructuring of large areas of our inner-cities. It would involve a
price in aggravation and disturbance being extracted day after day from a large
number of people, both at work and at home.

Those responsible for making planning decisions in this sphere carry the ultimate
responsibility for balancing the one effect against the other. Their decisions should,
however, reflect in some way the democratic framework on which our society is
based. This would seem to suggest that they would be acting beyond their mandate
if they opted to impose a very large cost on a large number of people to yield a small
benefit to a select few.
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