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1 INTRODUCTION 

Athens is one of the oldest and largest cities in Europe, with a very well 
known historic tradition going back for centuries, but with most of the urban 
development and expansion mainly taking place in the 20 th century. Athens, 
nowadays, is a city of 3,5 million people and concentrates, within the 1.450 
km 2 of its greater area, about 35% of the total population and 50% of the GNP 
of Greece. It is the main political, legislative, cultural and scientific centre of 
the country and, also, serves as a major transport node, due to its 
international airport and the international port of Pireas. 

/ 

Over the past 50 years of urban development and expansion, investment in 
public transport did not follow the same trend, resulting, now, in an under- 
designed and under-funded network that is called to cope with the traffic load 
of a large and dynamic city, accomplishing, thus, its goal with only a medium 
degree of success. Recently, however, there has been a major shift in 
transport planning priorities and public transport has been assigned the key 
role towards solving the transportation and traffic congestion problems of the 
city. As a result of this shift, large amounts of public and private funds are 
being invested in the public transport network, both in infrastructure 
development (metropolitan railway, tramway, suburban railway) and in bus 
fleet modernisation and renewal. It is, thus, hoped, that public transport will 
regain its key role in serving society and also help the city respond better to 
the increased transport demand conditions of the 2004 Olympics. 

The urban public transport (PT) system in Athens comprises three modes, 
thermal bus, electric trolley bus and metro, and is managed by the Athens 
Public Transport Authority', a publicly owned company under the supervision 
of the Ministry of Transport. The authority is responsible for the planning, 
financing, co-ordination and supervision of the public transport system. The 
operation of the system is entrusted to three affiliated to the authority publicly 
owned operating companies, responsible one for each of the three modes 

above. 

A comparative study of the operational and financial characteristics of thermal 
and electric buses and their operating companies has been carried out. Its 
aim was to determine the factors influencing the adoption of a policy line 
towards the future development of their respective networks in Athens. The 
findings and proposals of this study are reported in this publication. They 

191 



provide a background, on which discussions between all parties involved may 

be based upon. 

2 THE TRANSPORT NETWORK IN ATHENS 

Of the three public transport (PT) modes operating in Athens (see table 1): 

- thermal buses have the most extensive network, covering the whole of 
Greater Athens Area (see figure 1), and carry the largest number of 

passengers in a year 
- metropolitan railway operates on an old 25 km north east to south west 

line and two new lines (opened 2/2000, 11 km mainly within the city centre, 
at the moment) carrying a substantial number of passengers on a high 
level service (especially on the new lines) and, finally, 

- electric trolley buses operate basically in the city centre (of Athens and its 
port Pireas), over a considerably shorter network than thermal buses (see 
figure 1), serving, mainly, high patronage central routes. 

Daily patronage 
% 

Buses 1.382.582 

Trolley buses 303.305 
~etro 300.20g 
Total 1.986.096 

69,6 
15,3 
15,1 

100,0 

Routes 
served 

Length of 2-way 
routes (km) 

6.000 293 
19 30C 

1 5C 

313 6.350 

No of vehicles 
in fleet 

1.850 
300 
200 

2.350 

Table 1: Basic data (1999) of the Athens public transport network 

In addition to these modes, there, also, are: 

15.000 taxis, operating mainly as paratransit in the city centre with 
relatively low fares, covering the "gaps" left by the inefficient integration in 
the services provided by public transport and 
suburban buses and railway serving suburban centres, outside the 

jurisdiction of the PT authority, either within the same or in other 
prefectures, to the north and west of Athens. 

Public transport share, patronage and speeds have been decreasing over the 
past ten years or so (figures 2 and 3) and this is attributed both to increasing 
congestion in the city and political choices for reducing car prices. Bus and 
trolley bus speeds have been falling by approx. 3% a year and reliability in 
arrival and departure times has been decreasing accordingly. As a result, 
public transport image has been deteriorating. 

To counteract this declining trend of public transport, the government in 
recent years decided to invest heavily in infrastructure development and fleet 
renewal and the results have, already started to bear fruit. Patronage has 
started to be picking up and the image of public transport has, somewhat, 
improved. This positive tendency is expected to continue and be enhanced by 
both infrastructure investment and implementation of public transport priority 
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measures, such as: extension of metro lines, telematically equipped buses, 
extension of bus lanes from 15 to - 5 0  km, fleet renewal to achieve a bus age 

of less than 7 years by the end of 2001 etc 
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Figure 2: Evolution of PT patronage 
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Figure 3: Mode shares in 1983 and 1996 
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The current characteristics underlying the behaviour of the transport system in 

Athens are as follows: 

- the urban area is still expanding (mainly to the east and north), but this 

expansion is, gradually, levelling off 
- population mobility rates have increased in the past decade and are 

reaching their saturation point (there were 0,9 trips/person for private 

modes and 0,5 trips/person for PT in 1995) 
- car ownership is sharply rising, with an index value of over 300 cars/1000 

inhabitants, and is expected to rise further 
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- congestion is rising in urban streets 
- parking restrictions (with some organisational problems, though) have and 

will continue to be implemented in the city centre 

- public transport network (especially buses) is sufficiently dense in the 

areas covered by the PT authority 

- network of large arterial roads is insufficient for effective PT operation 

- the cost of PT services is increasing and methods to curb this are sought 
via better management practices and use of new technologies 

- public transport remains a cheap and competitive mode of travel 

- public transport share, although reduced in recent years, it is still high 
enough to warrant continued investment and promotion policies 

- public transport image is poor, but has, recently, been improving 

- investment in infrastructure and fleet renewal will continue at the same 

high rate as in recent years. 

Based on the above trends, future policies will have two main goals: making 
public transport more attractive, in order to increase its share to over 35% 
within the next 10 years and reduce its dependence on public subsidy. The 
policies to achieve these goals are: 

, r  

- extension of the new metro network and rehabilitation of the old line 

- building of two new tramway lines 
- extension of suburban railway and integration with the urban PT system 

- integration of all modes of transport, with the use of interchange stations, 
promotion of park and ride and feeding of bus routes into metro 

- wider use of bus priority measures and extension of bus lane network (to 
reach 50 km in the next five years 

- use of telematics for PT vehicle control and passenger information 

- fleet renewal with energy efficient, low polluting buses (EURO 3, CNG) 
and dual mode trolley buses 

- use of information technology in the management and co-ordination of the 

PT system and, finally, 

- optimisation of the organisational structure of the complete PT network by 
defining clear roles for each mode (i.e. back bone, feeder etc) and 
resolving institutional conflicts. 

3 C O M P A R I S O N  O F  T H E R M A L  A N D  E L E C T R I C  T R O L L E Y  B U S E S  

In Athens, the fleet for surface transport consists (end of 1999) of 1795 
thermal and 378 electric buses. Thermal buses operate on diesel fuel, while 
electric trolley buses operate on electricity drawn by two poles from an 
overhead distribution network. More than half of the diesel buses (56%) 
conform to EURO I or II emission specifications, while within the next 12 
months, a sizeable proportion of the fleet will operate on CNG (295 vehicles 
by mid-2001). Some of the trolley buses (12%), are new technology dual 
mode powered vehicles (another-170 are expected by mid-2001), equipped 
with both electric and diesel engines, which may be used for normal operation 
(in areas without distribution network) or increase their autonomy and 
flexibility in power cuts or against traffic obstacles. However, dual mode trolley 
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buses in Athens, only use their diesel engines in special cases - there are no 
trolley bus routes involving diesel operation as standard. 

The two modes have different operational and financial characteristics (see, 
for example, APTA, 1992; COST, 1985) and each is suited best to different 
urban environments. A comparison of these characteristics of the two modes 
will help identify the appropriate role each mode can play in the complex 
environment of Athens. In the following, since thermal buses are a much 
more widely used mode than electric trolley buses, they will be used as the 

basis of the comparison. 

3.1 Flexibility - Manoeuvrability 

Trolley buses, because of their continuous dependency on the overhead 
distribution network, have, compared to buses, a reduced degree of flexibility 
in their movements. This problem is especially pronounced in cases of traffic 

congestion, narrow streets with sharp bends and at bus stops. In the latter 
case, in particular, trolley buses cannot overtake other trolley buses (unless 
there is special provision in the overhead network) and they are obliged to 
wait and suffer each other's delays, giving, thus, rise to platooning 
phenomena. In Athens this problem is particularly acute, since trolley buses 
operate, basically, high frequency services in a small number of arterial roads 
in the city centre, where they do not only "bunch up" between themselves, but 
also mix up with other buses, slowing, thus, down the rest of the traffic, too. 

3.2 Adaptability to Route Changes 

Due to the semi-permanent nature of their power distribution network, trolley 
buses are not easy to adapt to changes in the course of their mutes, either 
temporary (e.g. road closures ) or permanent (changes in route design). This, 
in the case of Athens, where major changes in the PT network are planned in 
the short and long term (metro development, bus feeder services etc), raises 
an issue, which needs to be taken into account, when designing any 

developments in the trolley bus network. 

3,3 Effects of Power Cuts 

Power cuts, either of a more general nature or temporary pole derailments, 
have a significant effect in the flow of trolley buses in the network. Wide area 
power failures affect the movement of a large number of trolley vehicles and 
disrupt the flow in the network to an appreciable degree. However, the newly 
introduced dual-mode trolley buses can take advantage of their diesel engine 
autonomy and continue their trips unobstructed. It is estimated that within the 
next couple of years, as new technology vehicles replace old ones, the power 

cut problem will diminish. 

Disruption from pole derailments in Athens is quite frequent, since the 
overhead distribution network is old and not very tight, allowing cables to 
oscillate. The problem is more acute with older vehicles, since new 
technology ones can surpass it to some degree. However, drivers, in order to 
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avoid derailment, have to reduce their speed considerably, when negotiating 
bends, causing, thus, delays to other vehicles in the traffic. 

3.4 Speed and Accelerat ion 

It is known that trolley buses, due to the superior traction capability of 
electrical motors, exhibit higher acceleration rates than thermal buses and, 
consequently, have the potential of attaining higher speeds. This, although 
may be true in a vehicle to vehicle comparison in free flow conditions, it has 
not been the case in the Athenian network. To the contrary, travel time 
measurements on various sections of the network proved that buses are 
faster than trolley buses. 

Speed measurements were drawn from 1997 travel time data from five 
sections of the network that include both the CBD and peripheral to the CBD 
areas (but not suburban). Care was taken in comparing bus and trolley bus 
services of similar patronage and boarding characteristics, so as to minimise 
potential differences arising from such factors. It was found that in areas: 

- within the CBD, trolley buses were 9% slower in the morning and 18% 
slower in the afternoon and 

- peripheral to the CBD, trolley buses were 6% slower in the morning and 
8% slower in the afternoon. 

In the CBD, morning speeds between the two modes are not as different as in 
the afternoon, because of the effects of congestion. In the afternoon, 
however, when congestion is not as pronounced, buses, taking advantage of 
their flexibility, are significantly faster than trolley buses, corroborating, thus, 
the argument that they adapt to traffic conditions better. 

A broader picture of the speed difference of the two modes over the entire 
network is given in table 3, below. There, the veh-km travelled by each 
vehicle over the entire Athens network are shown to be 29% lower for trolley 
buses than for buses. Since the two modes operate (approximately) the same 
amount of hours per year, the difference in the veh-km travelled indicates the 
difference in their speed as well. However, it must be noted hera, that this 
speed difference is not wholly attributable to operational differences between 
the two modes, but also in the different character of the areas the two modes 
operate in, i.e. city centre for trolley buses and more open areas for buses. 

3.5 Compet i t ion from Other  Modes 

Although bus and trolley bus services have been designed not to be 
competing with each other, the recent opening of the two new metro lines, 
(which serve the city centre - the traditional heartland of electric buses), 
introduced a degree of competition between PT modes. Metro offers a level 
of service far higher to that of trolley buses, causing, thus, a shift of patronage 
from trolley buses to itself. Measurements have shown that this shift is of the 
order of 15%. 
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3.6 Financial and Operational issues 

In this section the comparison of the two modes is not only done on the basis 
of the performance of the modes themselves, but also on the operational and 
financial efficiency of their respective operating companies. Table 2 shows 
some basic economic and operational data characteristic of the financial 
status and the transport service the operating companies offer. Financial data 
are given in both thousands of drachmas and in percentages per category. 
These data were, later, used to construct performance indices, which, in turn, 
were used for the comparison between the two modes. 

As it may be seen, at a first glance, from table 2, the thermal bus company is 
a far bigger, than the trolley bus, company. It carries 4,5 times more 
passengers, covers 8,5 times more veh-km and operates (in the peak) 6 
times more vehicles, yet it, only, has 3 times more personnel and 3,5 times 
higher operating costs. Table 3 takes the comparison to a further level of 
detail and presents the indices used in the evaluation of the two modes, their 
values for the two operating companies and a column showing how better (or 

worse) trolley buses perform compared to buses. 

It should, now, be noted that the values of some indices in table 3 are 
determined more by the nature of the services operated by the two 
companies, rather than by the different characteristics of the two modes. 
These indices are the transport service and faro revenue groups of indices 
and their values are influenced by the fact that trolley buses operate mainly in 
the city centre of Athens on high frequency, high patronage and low speed 
routes, while buses cover the whole of Greater Athens, with lower patronage, 
higher speed services. Due to this fact, the values of the fare revenue per 
passenger, fare revenue per veh-km, passengers per veh-km and passengers 
per vehicle indices are higher for trolley buses, while the value of the veh-km 
per vehicle index is higher for thermal buses. The value of the fare revenue 
per passenger index is equal for both modes, since both of them operate flat 
and equal fare services. The rest of the indices have values that reflect the 
characteristics of the mode and/or the operating company they represent and 

are useful for comparison purposes. 

Operating cost indices have all worse values for trolley buses. This could be 
because of the lower operating speeds and higher frequencies their services 
operate in, necessitating them to use a greater number of vehicles. It could, 
also, be because of the ageing of the trolley fleet or due to the economies of 
scale the bus company enjoys. However, the higher value of the operating 
cost per vehicle index may, also, indicate (as corroborated by the operating 
deficit index values) a need for better organisation or rationalisation of the 
expenses. 
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Transport service indices 
Passengers/veh-km 

Passengers/vehicle 

Veh-km/vehicle 

Thermal 
buses 
(1999) 

4,2 

274.483 

Trolley 
buses 
(1999) 

7,8 

362.500 

Trolley 
buses 

perform 

85% better 

32% better 

64.931 46.333 29% worse 

Fare revenue indices 
71 72 

299 

19.429 

165 

698 

45.308 

92 

Fare revenue/passenger 
Fare revenue/veh-km 

Fare revenue/vehicle (000's) 

Operational cost indices 
Op. costs/passenger 

Op. costs/veh-km 

Op. costs/vehicle (000's) 

Operational deficit indices 
Op. deficit/passenger 

Op. deficit/veh-km 

567 

26.271 

213 

1.663 

77.075 

132 

1.02~ 
47.692 Op. deficit/vehicle (000's) 

General financial indices 

391 
25.357 

~ equal 

89% better 
35% better 

29% worse 

138% worse 

70% worse 

42% worse 

164% worse 

88% worse 

Revenue/op. costs 44% 38% 13% worse 

Fare revenue/op, costs 43% 34% 21% worse 
177% 219% 24% worse 

7.222 

21 

5.000 

15 

62 
4,C 

164 

7,6 

Total payroll/revenue 
Purch. price/lifetime (000's) 

Personnel indices 
Personnel/million passengers 
Personnel/million veh-km 

Personnel/vehicle 

Cost of energy indices 
iEnergy/passenger 

Energy/veh-km 

Energy/vehicle (000's) 

Cost of maintenance indices 
Maintenance/passen~ler 

Maintenance/veh-km 

Maintenance/vehicle (000's) 

44% worse 

43% worse 

165% worse 

89% worse 

1~ 10 45% better 

75 76 

3.533 4.863 

~ equal 

27% better 

28 51 81%worse 

119 399 234% worse 

7.748 18.473 138% worse 

Table 3: Comparison of the operational and financial indices between buses 
and trolley buses. Monetary amounts are in Drachmas (1 Euro ~ 340 Dr). No 
of vehicles used is that operated in the peak. 

Despite their operation in high patronage routes, trolley buses exhibit a lower 
cost recovery ratio (revenue/op. costs by 13% and fare revenue/op, costs by 
21%), which is, apparently, attributable to their higher operating costs. They 
have managed, however, through a creative advertising plan to attract non- 
fare revenue, whose effect is shown in the difference between the values of 

the above indices. 
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The 44% higher vehicle purchase cost per year of useful lifetime, together 
with the cost of installing and maintaining the overhead network, indicate that 
trolley buses need quite good performance results to prove their economic 
worthiness. They, thus, must be operated in high demand routes, either in the 
city centre (where their inflexibility creates problems, though) or in trunk lines 
serving long stretches of heavily populated areas and offering a high capacity 

service, resembling that of tram. 

Personnel group indices have all values showing that buses operate in a 
more productive way, requiring a smaller number of employees in order to 
deliver a given level of service. This is reflected, especially, in the personnel 
per vehicle (operated in the peak) index, where an almost double amount of 
employees (including drivers and administrative) is required to operate a 
trolley bus than a bus. Although this is expected to improve within the current 
year, with a measurable increase of vehicles operating in the peak, it is 
considered evidence of over-manning. As reasons explaining part of the 
difference in the index values can be put forward a slightly different vehicle 
scheduling process in the trolley bus company and the existence of some 
scientific and supervisory (dispatchers, inspectors etc) personnel, of which 

the bus operating company is in shortage. 

Maintenance index values, despite the lower maintenance needs of the 
electric motor, are, also, higher for trolley buses, indicating the increased 
maintenance needs of the overhead distribution network and the ageing 
vehicles. This is expected to get better in the next couple of years, as new 
vehicles replace old ones and, consequently, their maintenance needs 

become smaller. 

Last, but not least, the field, where trolley buses perform better in, is cost of 
energy. This performance, together with the trolley bus superior 
environmental capabilities, constitute the main thrust of the pro-trolley bus 
arguments. The cost of energy per passenger is lower by. 45% for trolley 
buses, while the cost of energy per veh-km is equal. These figures can be 
explained, to some extent, by the fact that trolley buses carry more 
passengers, while buses cover more veh-km, but they still show that, if buses 
were to substitute trolley buses in the central routes, they would consume 
even more energy (due to the lower speeds and increased congestion). 

3.7 Effects on the Environment  

It is obvious that electric trolley buses are more environmentally friendly than 
diesel buses. This, however, holds true only with respect to air pollution, since 
the overhead electricity distribution network of trolley buses is both visually 
intrusive and appears aesthetically complicated. Nevertheless, the above 
environmental argument has, ever since the appearance of air pollution in 
large cities, been used to promote the case for electric traction. As trolley bus 
advantages have been cited (e.g. APTA, 1992) its lack of kerb-side 
emissions, a quieter operation and a more comfortable ride. These 
characteristics make the trolley bus more appropriate in environmentally 
sensitive areas, such as archaeological sites 2 and pedestrianised areas. 
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However, the apparent environmental friendliness of the trolley bus is, 
nowadays, starting to be matched by new technology diesel or CNG buses. 
Table 4 gives the evolution of the EU emission standards for heavy duty 
diesel engines for the years 1992 to 2008. It is obvious that a sharp decrease 
in the emission rates of vehicles is being implemented. To achieve this 
decline in the emission rates, catalysts have been and will continue to be 
used. The fleet of thermal buses is being renewed with new diesel vehicles 
conforming to Euro Ill standard and new CNG powered vehicles. By the end 
of 2001 all thermal buses in Athens will be conforming to any of the Euro I, II 
or Ill standards or be powered by CNG. Furthermore, as shown in table 5, PT 
buses contribute only by a few percent to the total vehicular pollution in 
Athens, which, after taking into account other sources of pollution (e.g. 
heating, industry), becomes rather insignificant. It is, therefore, made clear 
that possible substitution of buses with trolley buses, on environmental 
grounds, would not produce a measurable betterment on a wide area scale in 

terms of air quality. 

Standard Fuel 
Euro I Diesel 
Euro II Diesel 

Euro III Diesel 
Euro IV Diesel 
Euro V Diesel 

CNG 

Year Test cycle CO HC NOx PM Smoke 
1992 ECE R-49 4,5 1,10 8,0 0,36 
1996 4,0 1,10 7,0 0,25 
1998 4,0 1,10 7,0 0,15 
2000 ESC & ELR 2,1 0,66 5,0 0,10 0,80 
2005 1,5 0,46! 3,5 0,02 0,50 
2008 1,5 0,46 2,0 0,02 0,50 
2000 <1,0 <0,3 4,0 <0,08 

Table 4: EU emission standards for heavy duty diesel engines. Units in g/kWh 

Vehicle type Percentage (%) contribution to pollutants 

2,14 6,49 

CO HC NOx 
PT buses 0,17 0,30 4,16 

35,28 Heavy trucks 
Motorcycles 
Light trucks 

Cars 

PM 
3,62 

58,27 

28,78 44,15 0,89 0,00 
15,04 9,21 5,99 0,00 

0,0C 51,65 35,83 27,54 

Other buses 0,85 2,48 22,23 24,67 
Taxis 1,36 1,54 3,91 13,44 

Table 5: Percentage contribution of vehicle types to total vehicular pollution in 
Athens (source: MEPWR, 2000) 

It must, also, be noted that lack of kerb-side emissions does not, necessarily, 
imply a totally pollution free operation. Non-exhaust particulate matter (from 
tyres, break pads and lubricants) is being produced by both trolley buses and 
buses. Furthermore, trolley buses, due to their lower speed and 
manoeuvrabUity, impede other vehicles in the traffic stream, increasing, thus, 
their emissions and, finally, the production of electricity consumed by trolley 
buses, usually by burning fuel, pollutes other areas away from Athens. 
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4 CONCLUSIONS 

This comparative study between the performance and operational 
characteristics of thermal and electric buses and their respective operating 
companies has been carried out, with the aim of identifying the critical issues 
needed to be taken into account, when formulating a policy line towards the 
future development of their networks in Athens. The advent of the Olympic 
Games, the opening of the two new metro lines and the finalisation of the 
plans for building a tramway make the need for such a policy all too obvious 

now. 

To this end, this study has identified the following issues: 

- cost of energy and environmental cleanliness constitute the advantages of 
electric trolley buses, while speed, autonomy, flexibility in the traffic stream 
and adaptability to planning changes are the advantages of thermal buses 

- evaluation on an operational and financial basis showed that trolley buses 
need to increase their efficiency and productivity. To this end, they are, 
already, taking steps by the adoption of new work rules, increase of 
vehicles operated in the peak, implementation of telematics and 
information technology etc 

- the shortage of large arterial roads in the city centre and the routing of 
trolley buses through winding streets, cause problems in their operation in 
Athens. A better alternative, that would decrease trolley bus passages from 
within the city centre and ease traffic, would be to reallocate existing 
vehicles on arterial roads outside the city centre, on high frequency, long 
distance trunk routes serving densely populated areas. There, with the 
provision of priority measures and their increased traction power, they 
would be able to provide a higher level, tram-like, operation. However, such 
a scenario would involve significant overhead network relocation expenses. 

- the future PT network structure in Athens will be based on the two fixed 
track modes: metro and tram. As these modes develop, a flexible and 
adaptable to the induced changes complementary bus network will be 
needed. Such a network, however, can not be provided by trolley buses, 
without substantial cost and re-organisational effort 

- as technology of internal combustion engines improves and new 
alternative fuels are made available, the environmental differential of 
electric traction over internal combustion will be diminishing 

- substitution of buses with electric trolley buses does not offer a sufficiently 
large scale measurable improvement on air quality, to justify their higher 
purchase, maintenance and operating costs. 

Further study and consultation with all parties involved will be needed, before 
an official policy line is adopted. However, this study has provided the 
necessary background, on which such debate can be based upon. 
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NOTES 

1 Metro in Athens consists of one old (25km) and two new (11km) lines. The 
old line is managed by the Authority, while the two new ones (opened 2/2000) 
are, currently, operated and managed by Attiko Metro, the company which 
supervised their construction. However, by law, within the next two years, the 
PT Authority will assume responsibility of these lines and their operating 
company will merge with that of the old metro line. 
2 The development and linking of the archaeological sites with pedestrianised 
roads is under way in Athens, creating, thus, a good opportunity for the use of 
electric buses. 
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