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Abstract

After a short historical preliminary remark, this paper describes trolleybus
networks currently in service in Italy and modern vehicles characteristics. The
plans of development started in several Italian cities and the technical evolution
of vehicles are subsequently examined. Dual-mode trolleybuses, able to run
without contact wires, and low-floor vehicles are the most representative steps in
technical evolution. In the future trolleybus tests are foreseen to collect from a
conductor installed in the road rather than an overhead contact wire. At last, in
view of environmental constraints on historical areas in Italian cities, this paper
discusses the role of trolleybuses will have in public urban and suburban
transport in Italy.

1 Introduction

It is possible to divide the development of Italian trolleybus networks
into three different eras.

During the first era between 1902 and 1920 most of the trolleybuses
lines built which served low-density extraurban freight and passenger
traffic almost all closed a few years later.
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14 Urban Transport and the Environment for the 21st Century

The opening of two systems, in Vicenza in 1928 and the local line

Torino-Cavoretto in 1931, marked the end of a decade of standstill and

the beginning of the second era, during that trolleybus networks were

realised in the largest Italian cities: Milano and Venezia (1933), Livorno

(1934), Brescia and Trieste (1935), Rome Firenze, Padova and Verona

(1937), Genova (1938), Bari and Palermo (1939). Extraurban lines were
also built in Sanremo and in Verona.

These networks, partially damaged during the Second World War,
were subsequently reopened and maintained in most cases until the
1970s. After the war, since 1947, new trolleybus systems replaced old

tram-cars in small and medium size cities (Avellino, Bergamo, Ancona,
Modena, Chieti, Catania, La Spezia, Alessandria, Pavia, Pisa, Trapani,

Cagliari, Parma, Bologna, Carrara, Fermo, Civitanova Marche). The

opening of the extraurban line Napoli-Aversa in 1964 marked the end of

the expansion phase of this transport system.
In 1966, when the extension of trolleybus network was 1121 km, the

third era began with the first suppression. The main reason was that
buses were considered more suitable to the new traffic conditions.

During the 1980s, due to environmental issues, trolleybus networks
aroused an increasing interest. In those years some cities decided to
upgrade the surviving lines; other ones (Bologna, Genova) newly
decided that trolleybuses should be introduced, after they abandoned
them; other cities planned new lines.

2 Trolleybus systems operating in Italy

At present, only in eleven Italian cities regular trolleybus services are
carried out, as described in following notes:

Ancona.
Nine trolleybuses are circulating during weekdays from 7 a.m. to 1 p.m.
on the line 7.5 km long.

Bologna
The local company employs 39 trolleybuses on the only line 13 km long,
opened in 1990 after the previous network was closed in 1982. 25 other
vehicles will be bought and within 1998 a new line 9.7 km long will be
constructed.
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Urban Transport and the Environment for the 21st Century 15

Cagliari

Only one of the two existing lines employs trolleybuses. This line

measures 19.3 km. The other line should be reopened and extended.

Cremona

There are two operating lines with 10 trolleybuses, totally measuring
19.3 km.

Genova

The previous network closed in 1973, but in 1997 a new line has been

opened; the fleet consists of 22 vehicles. An extension of the line is
already planned.

La Spezia

The line measures 12.6 km, and 14 trolleybuses operate on it.
Management is deciding about line extension and upgrade fleet.

Milano

The network, that is 40.4 km long, comprises three lines. The fleet
consists of 136 trolleybuses. A fourth line of 13 km has been planned.

Napoli

The network extends for 52 km and it is served by 30 trolleybuses of the
61 units consigned in 1961; the other ones have been demolished. On the
extraurban line Napoli-Aversa buses are circulating.

Parma

20 trolleybuses circulate on the network that measures 12.1 km and it is
composed by 3 lines. A fourth line of 6.1 km has been recently
constructed and opened.

Rimini

At present one partially urban line 12.2 km long (Rimini-Riccione) is
operating with 17 trolleybuses. There is a plan for an innovative

transport system, with automated guided rubber-tired electric vehicles, to
connect Rimini with Riccione and Cattolica and to replace partially the
trolleybus line.
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16 Urban Transport and the Environment for the 21st Century

Sanremo

Only two of the three partially urban existing lines (29 km total) are
operating with trolleybuses at the moment, i.e. the urban system and the

Sanremo-Taggia line; the Sanremo-Ventimiglia trolleybus line is

operating with bus; the fleet consists of 25 vehicles.

In other cities the trolleybus network is currently out of service but

the reconstruction work being carried out or planned.

Bari

The reopening of the abandoned network has been approved;

Municipality and Ministry of the Environment will allocate the financing
part, in the matter of a plan to reduce pollution in urban areas. Five
trolleybuses are delivering to the local transport company.

Modena
On the 2 lines, respectively 6 and 7 km long, trolleybus service was
discontinuous and now it is suspended. Nevertheless the fleet includes 14

modern trolleybuses and the local company is intending to let build other
2 new lines and other 12 vehicles.

Pescara
A plan for three extraurban lines is approved, for whose construction a
60 thousand millions Liras financing should be allocated by the Italian
Government.

Moreover, the extraurban no more operating trolleybus systems must
be remembered: Avellino (15 km, closed in 1973), Carrara (10 km,
closed in 1985), Chieti (8 km, closed in 1993) and Salerno (19 km,
closed in 1983) which restoration is not foreseen in the near future.

The geographic location of the most important cities above
mentioned is shown in Figure 1.

All these systems are 600 V DC powered, except Genova and
Cagliari where the voltage is 750 V DC.

3 Italian trolleybuses main features

The recent evolution of the Italian trolleybuses is based on three mainly
factors:
• electric traction drive evolution;
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Urban Transport and the Environment for the 21st Century 17

Figure 1: Main cities cited in the text

• installation of an on-board autonomous group to provide vehicle
operations without overhead line;

• low-floor.

The evolution of the electric traction drive is articulated in four steps:

• DC motor and rheostatic speed regulation by electromechanic control
of the contactors;

• DC motor and rheostatic speed regulation by solid-state device
control;

• DC motor fed by a power chopper;

• three-phase AC induction motor fed by a direct-pulse inverter.
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18 Urban Transport and the Environment for the 21st Century

First type traditional traction drives, installed on all old generation

trolleybuses, was built until 1965.

Subsequently, since it seemed that trolleybuses system should be

abandoned, for ten years no one Italian producer built any kind of new

vehicles. The consequence was that the transport companies intentioned
to keep on with this transport modality, met a lot of difficulties to renew
their fleets and had to buy new units from foreign constructors.
Between 1981 and 1985 the interest to this system grow up again and 41

trolleybuses equipped with traditional system (rheostatic with
electromechanic or electropneumatic contactors) were produced for

Cagliari, Milano and Sanremo.
In order to eliminate the abrupt acceleration and to obtain a better

speed regulation, improving passengers comfort, the Italian manufacturer

Ansaldo experimented in 1975 an electronic control device for the

contactors to switch-off the sections of the starter rheostat.
Between 1975 and 1987, 143 trolleybuses with Ansaldo equipment

were constructed for the systems in Rimini, Sanremo, Parma, Salerno,
Cremona, Ancona, Milano, Cagliari and Modena. But the most important
innovation was introduced in 1985, when the first Italian trolleybus
equipped with a chopper device was supplied to Chieti network; between
1985 and 1996 other 166 units, with a similar chopper-based traction
equipment, were constructed for Chieti, Parma, Ancona, Sanremo, La
Spezia, Bologna and Cagliari.

The further evolution is represented by the inverter-fed three-phase
AC induction motors application, which involves a weight reduction.
Twenty-two so equipped vehicles were constructed in 1996 for Genova
and Cremona; other ones are still in construction.

An increasing importance is currently addresses to vehicle operation
without overhead line. First dual-mode trolleybuses were moved
autonomously at a very low speed and for short distances (for instance
inside depots), by an appropriate storage battery installed in each
vehicle; this kind of equipment was chosen for 30 trolleybuses with
chopper traction drive constructed for Cagliari and La Spezia between
1987 and 1989.

Subsequently all the trolleybuses constructed after 1989 were
equipped with an autonomous group, consisting of a modern turbo diesel
engine, a three phase AC generator and a rectifier, that feeds the inverter
connected to the traction motor whenever the overhead contact line is not
available.
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Urban Transport and the Environment for the 21st Century 19

Dual mode trolleybuses are no more considered as a simple solution

for emergency situations; indeed, they are considered as an effective

technique to simplify fixed installations in both inside depots as along

the line and to reduce suspended switches number. Suspended switches
elimination, once necessary for reducing the connection to and from
depots, can avoid several speed restrictions, as results in higher
commercial speed.

Current trend is towards the use of autonomous group for all

movements except for regular service along lines. Dual-mode trolleybus
operation makes the installation of overhead contact line along the

control section of one or more lines possible, while the installation of

contact line in periphery, where the transport demand is lower and the

high costs of fixed installations are not justified, can be avoided.
In order to obtain approximately equal performances by run in
autonomous mode or in electric mode, the autonomous group must
ensure a maximum speed of 55 km/h with a full load at zero gradient,
which is equivalent to a continuous rating not lower than 100 kW.

4 Trolleybuses prospects in Italian cities

Dual mode operation has significantly increased the trolleybuses

flexibility, but the diffusion of this transport system is still negatively

affected by investment and operation costs higher than the ones required
for buses. Precisely trolleybus purchase price is 1.5 or 2 times as high as
the bus one and the fixed installations maintenance expenses is an other
unfavourable characteristic of trolleybus networks. On the contrary, the
trolleybus life-cycle is nearly twice as long as a bus normal life-cycle
and the vehicle maintenance costs and the energy consumption ones are
lower.

In consequence of the great sensibility towards air pollution,
trolleybus could have a constant or increasing popularity in the near
future, even if it is unlikely that they can find again, in Italy, the same
popularity of 1950s and 1960s.

Within 2 years 180 new trolleybuses can be ordered by local
transport companies of few cities (only in Napoli they will be 75).
Moreover it is probable that electric traction development for urban
transport in Italian cities will be tied up with trolleybuses rather than
other modes.

Indeed, it must be considered that:
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20 Urban Transport and the Environment for the 21st Century

• in tramway sector there was a remarkable development of new
projects (many prototypes of innovative light rail vehicles have been

introduced) and plans for new lines, but in very few cases these

planned lines were realised and the new realisations took place in

cities already equipped with tramways; for lack of a unified model of

tram-cars, different vehicles have been developed for each transport

company, which result in high costs.

• the new rail rapid transit section building costs are so much high as to

oblige to continuous reorganisation of the plans, while the long time

taken by works increases to an unacceptable extent; that is the reason
why further substantial extensions of such existing systems in Italy
are unlikely;

• finally the interest towards innovative transit system (such as

automated people movers) is currently lower than in the last two
decades; no system has ever been realised in Italy and it is uncertain
whether anyone will be in the future.

Because of its sustainable installation costs and the use of well-known

technologies, trolleybuses will be the most immediate answer to the

passengers mobility need in urban areas by means of a transit system
based on zero-emission vehicles.

However, co-ordination of local transport companies is still
necessary in order to support the development of vehicles that really
comply with requirements of the companies themselves.

Finally, an interesting contribution to technical innovation in this
field come from the trolley-less electric bus, proposed by the Italian
manufacturer Ansaldo and named Stream.

This vehicle operates on a network installed in the roadway from
which it collects traction power. It can run along regular road traffic
lanes provided with a contact line that is installed in 30 cm deep and 60
cm wide trench; the contact line sections are connected to the power
supply voltage by the magnetic force exerted by a pick-up installed under
the vehicle. So, the contact line is energised only by stationary or moving
vehicles, while in all the other points, it is connected to ground and
consequently hazard free.

A prototype Stream system will be tested in Trieste.
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Urban Transport and the Environment for the 21st Century 21

5 Conclusions

This paper resumed the results of a research activity aiming at analysing
the present situation of trolleybus system in Italy.

All systems currently operating in Italy have been concisely

described and also the main modern features have been mentioned.

Then, the prospects of this transport mode have been considered.

Although dual mode operation has significantly improved their
flexibility, trolleybuses still have higher purchase prices and operation
costs than buses.

Nevertheless, because air pollution is felt as a critical factor for the
life quality in several Italian cities, interest in trolleybus will remain
constant or will increase in the next few years.

Finally the innovative prototype of the trolley-less electric bus named
Stream has been mentioned.
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