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. still have a social economical garn '

" Ermission free public transport is a deserved strategy to reduce pollutron and congestlon_"', SR

' . in cities round the world. Electric tractlon is.almost emission fre¢ if. 95 % of electnmty is.
-produced by nuclear— )3 hydro power as.in Sweden and Norway L :

. Light rail transport system is havmg a renarssance but they need an expenswe S
" infrastructure and is inflexible; Modern trolleybuses offer the same: degree of zeto-
_ emission in cities, to less investmerit cost and somewhat more ﬂex1b111ty : Modern Duo-- .

o concepts (combmed electnc and dlesel power) offer even greater ﬂexrbrhty

. This report contams a survey of new concepts 1 for trolleybuses developed by varrous
: manufacturers in Germany, France, Ttaly and Czech Repubhc :

As there is nio trolleybus system.in. operatron at present in Sweden thrs report present the
- experience from vanous operators of, Trolleybus systems in Holland Gerrnany, Norway
and Greece. : - - S

-A comparison of external effects of trolley bus system versus other traffrc system is, rnade
“This shows that even in countries with a power generating system- based on fossil fuels

- frolleybuses have an environmental. advantage compared w1th the best commercrally
available diesel fuel powered buses. - :

In Sweden and Norway the greenhouse gases emissions from trolley buses would be T
" factor 10 lower than in the Netherlands due to d1fferent sources, of electnc power o T SRR

_An analysis of the social economic cost for trolleybuses in Sweden 1nd1cates that it would
‘be feasible to make rather substantial investments in 1nfrastructure for trolleybuses, and

_ : Trolleybus systems wotlld be most 1nterest1ng for. densely populated ert1es from 100 OOO BT -:
© citizens upwards, but not b1g enough for Lrght rail systems : : :
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 1.Introduction

Zero emission englnes for public- transport

Increased use of public transport is the preferred strategy today in many countnes fo” A T
- reduce congestion and pollution from road traffic. Buses are considered as the least .- -

~ expensive and most flexible modé in.most transport relations. Today almost all buses -
and coaches have diesel propulsion. The automotive industry have 1nvested vast amount: .

of money o make the diesel engine as powerful silent, fuel efficient and”
: envnonmentally acceptable as possible.. ' . : IR

e

- A major concern about the modern diesel engine is health effects from its einissions of

: part1cu1ates and nitrogen oxides. Exposure to those emissions can 1nduce cancer. There:” = -

is still a long process to.go before the diesel engine turns into'a zero emission engme

"Man_y operators of -pubhc transport have te_sted alternative ﬁJelsfor cornbu'stion- 'enginl_'es_.
' in order to reduce the level of emissions. In many cases the change of fuel gives -

different kind of pollution such as form_aldehyde ,‘ra well known cancerogene substance. - - ‘ R

Electricity for propulsion ¢an reduce the local emission to air to zero level. If electricity - .
_is-being generated by.. combustlon of fuels in a power station the emissions will be
elsewhere. : _ _

Electrical propulsion is- certainly not a fgew technology It is now 100 years since

‘electrically powered tiains replaced the coal fired steam Iocornotwes n the London - -

underground Baker100 Line.

In the 1920s trolle—y- buses was introduced in many large cities as an alternative to trams:
In the 1930s there were more than 2300 trolley buses in London. The main reason for .
this was more ﬂexzblhty and reduced cost compared with trams. At this time the 1nternal

: combustlon engme was less powerful and reliable than electrical engines.

In the late 19SOS diesel performance and reliability of engines was much improved. and
the gasoil fuel got less expensive for every year. The economy of scale from production
of diesel engines and transmission for lorries, buses and coaches made the trolley bus.

less competitive. Environment was not an issue at this time. Emissions from diesel

engines were considered as less harmful compared with petrol engmes w1thout cataIytlc _
converters.

. As a result the development of trotley bus technology come to a standstill in the west. In
socialist countries as Soviet Union and China the expansion of trolley bus systems
progressed. But the. technology did not make much progress. The buses produced in. the
1980s was much the same as in the ]9605

- Environment issues have made electrical propulsion as the only solution to get close to
Zero emission on transport.

The most exciting technology is fuel cells powered by hydrogen to produce electricity

for vehicles without any harmful emissions. Before fuel cells can be commercialized




' 'much more development is needed to 1mprove Safety of storage and productton of

.hydrogen The traction of veh1cles will be by electno motors

'--Fuel Cells us1ng l1qu1d fuels as LNG or rnethanol and a reformer to- produce hydrogen . .

on site is also being developed But this technology will not’ g1ve true Zero emrssmn_ B

“vehicles. Carbon d1ox1de em1sS1ons can not be avorded

' Chenncal storage in battertes to produce electrrmty have been tested in buses for many' IR

'years but the draw-back is high weight, h1gh cost and low" performance ‘The energy

storage capacity per ‘weight in batterles is m the order. of magnltude 1: 100 compared7 R N

: w1th conven’nonal fuels

A great advantage w1th electncal propulsron is that electrlc motors can be ﬁtted in

‘wheel hubs. This is a way to make buses with very low. floofs’ and convernent to.:

passengers Some bus manufacturers has developed buses w1th dresel engmes dnvmg a’’
- generator }ust 111 order to get the des1red fow ﬂoor : : .

As- al'most 'all the new. ‘environmental fr1endly technologies -are ‘based on- electric. . -
propuls1on it has also glven the tradltronal trolley busa chance toa rena1ssance

In the US and Canada large cities as San Franc1sco Phrladelphla Dayton Seattle and _
Vancouver have decided to expand or 1ntroduee trolley buses for reducmg em1ss1ons
and noise. : '

Tn order to get the ﬂex1b111ty of the dlesel bus in. suburbs and the zero emission from -

- ,electrrc tractton in e1ty center dual mode’ buses have been 1ntroduced




- 2. Future concepts f_or trOIIeybt_l'ses'. -

“Traditional .tro'lley buses were first. preferred because’ of theif reliabili_ty,_'energy“-."' L
efficiency and their power to climb hilly streets with good acceleration. It lost ground in. . - :
1950 because of improved efficiency in diesel éngines and falling prices of gasoil fuel.

‘The cities that have continued to use trolley buses do rt because of the obv1ous5‘
envn:onmental benefits, - : A

- Environmental cons1derat10ns in the begmnrng of 1980s led to renewed rnterest in '

electic propulsion. But st1ll operators wanted the flexibility of a diesel bus. This was.
the origin of the duo bus. Thé big dedicated producers of trolley buses is all located in - -

" China and former Soviet Union and have not-yet presented any duobuses. Skoda of

‘Chech republic and the newly merged AnsaldoBreda in Italy are the only ones in the -

western’ world were trolley buses manufacturers-arée of any srgmﬁcance

.Today the trolley bus is a full seale alternatlve for cities with hlgh demands on a1r:

quality and efficient public transport systems. Some of the biggest trolley bus systems 3 __
canbe found in San Francisco and Seattle, the heartland of American h1gh technology e

" New large 1nvestments in. trolley bus systems are also made in the US.

In the US the trolley bus have been used as a strategic vehicle to introduce émission frée ‘ L

public transport. When the use of trolley bus have reached a certam level it is been
,replaced by 11ght rail with even higher mass transit capacny L

To be eompetrtlve with the diesel bus the trolley bus needs hrgh volurnes of passengers
and strict enforcement of env1ronmental standards. :

In Europe we can now see two different types of irivestments in trolley bus systems. In - o

some places like Athens, Armhem and Sarajevo traditional trolley bus nets are expanded -
and vehicles are upgraded ‘These investments competes with conventional d1esel buses

In France and Italy they now 1ntroduce new concep-ts for trolley buses. These ooneepts '

are introduced as equivalents to trams and light rail but they offer higher flexibility and . -
lower investment costs. These new systems are developed by Matra/Renault (CiViS),.
Bombardier (GLT) and AnsaldoBreda (Stream). As the new systems are just in the.

‘process to be introduced on the markets, we do not yet know the true operational costs. .-

Most interesting is that these new systems are made by compames with expenence from
rail systems. :

2.1 Customer viewpoint

From the customer perspective the duo bus has an advantage The duo bus can go-all the
way from suburbs in to the city and even into shopping malls or underground stations. -
This have been full-scale demonstrated in Essen. It is of high value for customers of
public transport to avoid changes and waiting time. '

From Arnhem the experience is that the visibility of the trolley bus net and the low
noise levels have contributed to increase the market share for public transport. The




possrbﬂrty to introduce low ﬂoor concepts and h1gh capacity transport could be ai: .
wmmng concept for new trolley bus systems 1r1 the twenty—ﬁrst century e

2.2 Industrlal wewpomt U

The companies. who makes diesel buses have little 1ncrtement to 1ntroduce electncal
‘ drrve systems. Today the conventronal drive line, including engine has the best margms
The core technology 1o make a bus engme is the same as to make a truck englne oran-

industrial engine. The know how in engine productiorn is the core competence for these- L

compames The first generatlon of duobuses have not made a blg 1mpact on the market

~ There is obwous_econormcs of scale for those bus manufacturers fo rntrodu'ce new better‘_
diesel engines, and get a premium price for improved characteristics from operators. On. -
the other hand there is no obvious. benefits of scale to make some buises with a lot of”

- complicated electric systems of 600 or 750 Volt. They substitute the profitable d1esel - _

- engine w1th electric equ1pment bought from outsrders

~ All 'the big manufactures of 'buses have trled to- make duo buses, but in most cases. U 7'
* decided not to take them into production. Mest bus manufactures is part of larger =
automotive groups that have spent billions in rmprovmg the diesel engine in order to -

reduce emissions and make it srlent The- money spent on research on duo buses is futile
in comparison. i

In the auto'motive industry it is known to be a kind of mental “Berlin Wall” when it -
comes to electrrcrty There has for a long time been a resistance to rise the voltage of the
electric systems in modern cars to more than 12 V, .and 'to more than 24 V for® .

commercial vehicles. With the amount of electric equrpmcnt in modern cars 48V . 3

systems would be more approprrate to get more energy efﬁcrent A/C generators

Buses also consists of a body. There are several 1ndependent compan1es who deliver‘ '
~ bodies for buses. These companies can develop and del1ver bodres for both d1esel buses
‘and for trolley buses.

To make new trolley bus systems more competitive there must be new constellations of
companies that work together such as electromechanical-, bodywork- and independent”
chassis work industry. The core competence for-the railway industry is electrotechnical
systems. The wheel on steel track is of secondary 1mportance for system developers

For the railway industry’ the deregulation of the rarlway operatrons in many countries
* causes excess production capacity and resulfing lower margins. The same goes for the
bus manufacturers. There can be an interesting niche market for intermediaries between
railway vehicles and buses. :

2.3 Operational viewpoint

The deregulation of markets such as electricity, public transport and public works
creates new challenges but also new business opportunities. Traditional utilities will be
replaced by utilitency focusing on certain areas in the value added chain' where they
have the best competence. The foremost trend on the deregulated market is




specialization. New crossover businesses are developed utilizing core competence such " -

~as billing, customer care, maintenance, leasing and financing of equipiment etc.. The

electrical utilities are now being divided into supply, production and distribution. And. i L
* the core competence - of the distribution company’ is to operateé and maintain the . oo

electrical gnd and’ local net. These companies spin- off new service compames:-.
: 'specrahzmg in certain kind of ma1ntenance : S

| In the deregulated electricity market p’rice of electricity have fallen up 1o 60 p_ercent for -

large consumers. It is very likely that the price of electricity will be even l_ower'w'ithih-'; S
the EU. because of surplus production capacity and intensified co'mpetition The realf-ﬁj__' S
price of coal is the lowest in history. The price of natural gas is also- declmmg At

* present the oil price is rising. If the OPEC cartel strategy is successful, the price of oil. "
will stay high for some years. This will give an ‘opportunity for electrrc dnven pubhc '
transport relatlve to petroieum based transport '

Today the real interest rate is on a hrgh level ThlS makes it expensrve to mvest in
highly capital intensive urban traffic systems The trolley bus and its infrastructure is - .
-the least capital intensive elsewhere emission urban traffic system. Before 1nvest1ng in
other f:rafﬁc systems the trolley bus.should be considered and evaluated. '

" The operatlon of pubhc transport is now also bemg deregulated in European countnes :
The new operators are competing for contracts for public transport in many countries.
They pick the best and most efficient- concepts and implements these concepts where -

they get contracts. The operators buy their vehicles in higher volumes. The vehicles =

" must be more standardized to be competitive. This leads to falling: prizes. The new -
operators try to find either movable fleets or long contract time. This trend goes agamst_ .
. both .tram and trolley buses. On the.other hand authorities are implemeriting severe

environmental standards. In central urban areas the goal is zero emission vehicles. The

trolley bus is the most cost efficient local zero emission vehicle. The problem for the
operators is the catenary with its infrastructure. :

One opportunity could be an eIectric distribution company owning and maintaining the -
catenary. In the foresecable it will be less complicated to build and operate a. catenary
systemn in a city compared with supply a fleet with compressed hydrogen gas With a
long term contract between the electric distribution company and the city it is possible

" to establish a public net for vehicles. The electric distribution company can choose ..

‘between providing catenaries or exchangeable batteries for electric vehicles or a
combination of both, The city can’ introduce zero-emission areas and spemal submarket-
for elsewhere emission vehicles. This system can be used for all kinds of commercial
urban transport. In Italy they are already using the catenary for refuse transport trucks.

Different operators of public transport can compete in this sub market, This increased
specialization will give both lower fare prices and better urban environment.




3. \"Ove'rview of trOIIé.y_bu,é _tech.nol‘ogy_ today .

- 3.1 Introductfon

' Almost all studies concerning trolley buses that are available in Swedxsh atre more than o

ten years old. Interesting res_earch and case¢ studies condu__cted at the end of the. 19805'_‘
- have had time to mature and is now ready for introduction at a large scale, at-least from~ -

- at technical perspective. Examples are a switch to AC motor technology-and gu1dance~_-f‘_v- 5

systems. Also described ‘are novel concepts that- combine . the character1st1cs of "
trolleybuses and other transportatton modes, rnamly trams : S

3.2Method = . '

The. level around 1990 is summarized from the referenced l1terature Informatton on the L
~current technology has been obtained by contacting cities. that have- conducted case. . .

studies of promising technolog1es and manufacturers of trolley buses. The information .

~has been acquired through open sources such as folders and the Internet but most - -

* important. through questionnaires. In some cases add1tronal mformahon has been_'_‘ o
_ obtamed through c-mail, telephone calls:and v1s1ts

3.3 Troﬂeybuses ten years ago N ‘ :
" One of the drawbacks of a trolley bus is the dependcnce on the electric network Pure

- trolley buses are economically feasible only in densely populated areas due- to the hrgh ’ TR

mvestment costs of the overhead contact 11nes

' Ar‘ou'nd 1.980 2 new concept called the duobus had hecome'reality. Duobuses ceri be
used equally well in either of two different means of propulsion, hence the name. A~

given combination is a traditional trolley bus combined with a diesel engine. The engine « =~~~

'~ can either be used to drive a generator (serial drive) or to drive an axle directly (parallel
drive). Since the duobus can operate independently of overhead contact lines, expensive
infrastructure need only to be built on high traffic routes. In order to facilitate the switch ™
. from driving autonomously in diesel mode to driving in trolley bus mode, the trolley
* bars find their way automatically to the contact lmes Th1s 18 usually accomphshed ata -
bus stop, and takes around 10 15 seconds :

'Trolleybuscs have long sported a aux111ary power generator driven by a small
combustion engine. This contraption is used to move the bus inside bus depots or
around obstacles, like construction work. Exactly where to draw the line between a -
trolley bus with auxiliary power and a duobus is a matter of definition. We suggest the '
definition, the duo bus have equal performance in either driving mode. - :

A second propulsion system usually means that the overall weight is increased as
opposed to a vehicle with only one drive system. This means that fewer passengers can
be accommodated. To increase the cost efficiency for buses w1th a secondary’ propulsron .
* system, duo buses usually are of the articulated kind. .

Trolleybuses traditionally use DC motors. The first designs used rheostatic speed "
regulation through electro mechanic control of the contactors. Later advances switched

the electro mechanic control to control through solid-state devices. Speed regulation

through a power chopper is recent technology which is now introduced in most buses :
This is a more energy efficient technology.

1




3.4 Recent Advances.

Transportat1on technology has aclvaneed since the mtroduetmn of trolley buses Today a'-__'f
high degree of integration of different transportation modes is poss_1ble through the use

~of sophisticated information systéms. Information can bé collected about the traffic and
presented to those who need it most. For example posmonmg systems such as GPS can- -

be used to keep track of individual vehicles ‘and used in conjunction with computers,

stops can be announced: automaucally to the passengers Avallable resources can’ be., S

used more efﬁe1ently
Some advances are of p‘artie‘ular importance to trolleybuses and are discussed below.

3.4.1 Low floors.

All ‘modern trolleybuses for European market have low floors and/or kneelmg that' L
facilitate entering and leaving the vehicle. This is obvious an advantage for elderly. - -
people, parents with prams,. people in wheelchairs.” Apart from customer satisfaction, - o
low floors also contribute to higher efﬁc1ency since the tnne waiting for people to board_ L

or alight i§ diminished.

3.4.2 Gwdance Systems.

".Gu1dance systems are used to assist the driver in steermg the vehicle. In most futunstlc | "
- scenarios there will be no need for a driver. Today, guidance’ systems are used to

increase the average speed of trolleybuses to allow exact positioning at elevated bus Tl

stops and increase safety. -

Informauon technology has paved the Way for advanced solutions to self-guided'_.
trolleybuses. But not all systems are state-of-the-art computer systems some rely on .
simpler and possibly more rel1able solutions. : -

Mechanical track guide systems rely on a physieal structure on the road to mechanically - ”
. guide the vehicle. For example small guide wheels mounted on the sides can be used to-
- directly control the steering mechanism through laterally mounted guidance strips.

Mechanical track guide systems, picture ScanTech Development

Another solution consists of small wheels that runs on a single rail in the road and affect
the steering of the vehicle.

Electronic guidance systems depend on some sort of electronic sensor instead -of
mechanical principles to follow markings on the road. The markings can be on the form




~ofa magneuc strlp or mere pamt In the case of the magnetlc strlp the sensor depends onj_'_’_ i
induction. If paint is utilized, an optical sensor system of some sort is- required. More

advanced optical guldance systems include the 1nterpretat10n of road s1gns but these are. S

still at an expenmental stage

.3.4.3-Wheel__Hub Drive

The. wheel hub drzve pchure DazmlerChrysler

A

' The wheel hub drive consists of an engine for each wheel, Power is conveyed d1rect1y, S

without gears or 1ntervemng transmtssmn systems This reduces energy loss and saves :

space. . '
The wheel hub drive is ideal to be integrated as a regenerative braking system. When
the electric engine.is not driving the wheel, it serves as a generator supplying breaking

~action at the same time as producing electricity. Electricity that can be used to- charge. .

batteries, propagated back to the power grld or used for heatlng
Ehmmatmg the gearbox makes and substltute it with electmc traction for smoother rldes

TIncreased concern over passenger comfort and accessibility to people with impai'red".
mobility has introduced the low-floor concept. This applies to buses in general, but .
combined with wheel hub drive it puts the trolley bus to an advantage. Eliminating the
drive chain of conventional systems means that the new low-floor idea can be taken to . ..
its extreme w1th a completely flat floor. In other systems elevations and angled ﬂoors
are impossible to avoid. -

An interesting consequence of using wheel hub drives is that the traditional approach of =~
building buses on an existing drive chain and adding a chassis can be abandoned.
Instead a modular approach where the vehicle is deslgned as an integral structure and
 parts added to the frame can effectively be adopted. This means that novel designs are
possible, e.g. seats hung from the high strength walls thus freeing ﬂoor space and ease
cleaning of floors.

3.4.4 AC induction motors

Today most modern trolleybuses have switched from DC to AC motors. The main
advantage of AC motors over DC motors is reduced weight, less expensive components

10 -




A

and better speed regulanon AC engmes can be exactly controlled by modern power' -
. -electronics. DC engine power is controHed by rheostatic systems AC engmes is more’
. efficient at partlal load. E

345 Catenary _ : . _ ,

One of the arguments against troHeybuses is the Vlsual 1mpact of the overhead wmng C
However, the development of new materials and suspensxon techmques has paved the': '
way for hghter and better wmng '

. Overhead catenaries in Bergén, pic;ture Scdn Tech-Development.‘

Today bright stainless steel is used as overhead w1rmg as a mean to reciuce the v1sual
1mpact from wires. Also switches are today made of stamless steel for the same reason.

I




A modern sw;tchgear for tmlley buses in an Arnhem bus stanon pzcture ScanT ech
Development . :

3560ncepts a B A _ L Coe

An insight in the particular strengths and weaknesses of trams buses and trolleybuses
'respecttvely has resulted in attempts to combine the best from the all worlds. ‘From.
trams is desired the punctuality if operated in segregated track. From trolleybuses is -
desired the flexibility and low noise-levels. From buses is desired the rapid insertion
and independence of contact lines. Trams and trolley buses both share the charactensuc
cof bemg practtcally emission free : g

Several large manufacturers have. such products in the1r portfoho Bombardrer Wlth the
tram-on-tires, Renault-Matra with CiViS and Mercedes-Benz talks about an electrically |

"~ driven, 200 passenger double-articulated bus. Somewhat on the same track is Ansaldo N

with Stream, though this seems to be more.of a traditional trolleybus with an innovative -
power collector.

* Skoda makes affordable and reliable trolley buses of traditional type. This have had a
very good market penetration in the US in recent years, Skoda is the largest producer of
trolley buses in western Europe. Skoda is an totally integrated and spemahzed‘
manufacturer of trolley buses. :

3.5.1 Renault-Matra CiViS

CiViS is guided trolley bus that shares many characteristics with a tram. It is designed
to operate in a segregated lane, though this is not an absolute requirement.

12




Tts optlcal gu1danee system rehes on pattern recogmtlon to foIlow the route pamted on S e
the street.” The switch between guided and ungmded mode oceurs seamlessly, w1thout;' RSN

o the need for slowing down.

Vo

Electricity is eollected from overhead contact lines. When desired CiViS can run short = -
distances off-line using battéries. This is-useful inside depots to avoid temporary- L
obstacles where contact lines are unwanted. For longer distances off-line, a diesel- ‘or S
natural gas-powered- generator can be used. Reconnectmg to the contact 11nes aﬂerﬁ 3

_ mdependent operatlon is accomphshed automatlcally

" Due to wheel ‘hub motors ClVIS features a level floor that fac111tates boardlng and '
. alighting. Since the vehicle shates many of its components with the new generanon of
Renault buses mamtenance is fac111tated : - - o

Renault Matra Ci Vis, picture Renault Matra

Mo'del‘:. o " Natural gas ‘T_rolley/battefie_s

" Capacity: 120 140
Empty Weight: 18.4 tons .18.4 tons
Power: ' - : '
Lengths: 8 19.5

| Top speed: 70km/h -~ 70 km/h

352 Mercedes Benz

Mercedes-Benz takes a system—w1de view of bus transport solutlons FEach 01ty is
considered unique, requiring a unique solution with special attention being paid to
geographical, historical and other factors. To meet this demand Mercedes-Benz has
developed a resource-kit from which individual elements can be selected and adapted.
This resource kit has four key areas, vehicles, infrastructure, guidance systems and
information systems. ‘ S

Vehicles come in the lengths of 8, 9.5, 12, 15, 18 meters. Future development focuses -

on a 24-meter double articulated vehicle carrying around 200 passengers. This vehicle is
low-floored with electric wheel hub drives, designed to operate on dedicated tracks or

13-




on normal roads All vehlcles can be dehvered wrth customlzed desrgn in order to gwe.:.':'__' En
each c1ty its owit specral pubhc transportauon proﬂle :

Propulsron systems range from trolleybus to d1ese1 to fuels cells. Fuel cells produce‘ DL
electricity by combining hydrogen and -oxygen in a catalyst. This process is. almost
emission free. Fuel cells under development and not yet -commercial but they are
thought to dominant in the future if the technology can prove its reliability and cost

- efficiency. It will take another ten’ years until we know if the fuel cells are- commermal :

competltlve

~ Guidance systems are either mechanical or electronic. Advanced imaging systems that'_' s
identify and interpret road srgns are under development These systems are meant to e
assist the drwer ' : S =

3.5.3 Bombardler GLT and Bombardler Tram on—Tyres :

The GLT and Tram-on-Tyres have adopted many features from dlfferent pubhe'
transportation modes. They run on rubber tires like a bus, have a bogey system.
resembling a train and is double articulated. They both, have a serial hybrld drive where:
electric power is. obtained frorn overhead - contact lines or through a dAeseI engine
running a generator :

They can run in guided mode usmg a single rail with a steermg wheel When used this
“way it can operate as a tram ‘with single contact line and pantograph, as a trolleybus
“with contact lines and trolleys or as diesel bus. When ungu1ded it can Operate cither as a

trolleybus or as a diesel bus. ‘ :

" The French town Nancy has ordered 25 Tram-on-Tyres vehicles that will operate on
trolley bus contact lines by the end of 2000. In Caen 24 vehicles using a smgle eontact
line and tram pantograph will be in service by 2002. :

Bomardier GLT/TVR, picture Bomardier




Model:.  * - GLT/TVR = TramonTyres . -

Capacity:  ~ . 200 . 143 -

Empty Welght 250t . o 255t
Power: - 300kW. L300 kW
(autonomous) . (200kW) - - (200kW)
Lengths: = - 245m . .- - 245m
Top speed: 70 km/h T T70km/h
Acceleration: - . S 12mis
Braking rate: = 55m/s® C 5,5 mls

o -“,;g’:lf_ 3 e
Bombardier Tram-on-Tyres for Nancy, picture Bombardier.

The differerice between the GLT and the Tram-on-Tyres is that the GLT when guided
- by a central rail can be fed by a single wire catenary. The GLT also have a higher .
capacity, it can take 200 passengers compared with maximum 143 for the Tram—on-
“Tyres.

3 5.4 AnsaldoBreda STREAM

Stream is a new public transportation concept from AnsaldoBreda part of the
Finmeccanica Group. Stream operates on a network embedded in the ground. From this
network it obtains traction power and exchanges control-signals and messages Thus
Stream shares many operating charactensucs with a trolley bus.
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‘The AnsaldoBredd Stream, picture Ah&dldoﬂréda _

Stream does not requrre segregated lanes and can be dr1ven anywhere the network is’
installed. It can be drrven short drstances off the contact line usmg batterles. o

' Contact lme for the AnsaldoBreda Stream picture Ansala’oBreda

The embedded network cons',lsts of modular units put in a trench. On the top there isa
contact line and inside the units a-conducting wire. As the bus passes over a segment on -
a unit, a special collector arm with a strong magnet at the énd lifts the wire so that
electrical contact is established. When bus and collector advances to the next segment,

the wire falls to the bottom and electrical. contact is lost. Thus only a -spot d1rect1y
beneath the collector is electrlfied at any given tlme '

The collector can be raised or lowered at any point. It is automatically centered on the
contact line independently of vehicle movement and it can be used to steer the front
wheels. Since signals and messages can be exchanged through the embedded network
and the segments of the contact linc can be used to determine the position of a vehicle, a
‘high degree of automation and integration in traffic control systems can be
accomplished.
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~ The operatmg characteristics of Stream in Northern ‘countries. are unknown The-
operating reliability in snow and i ice 1s unknown Further studies of this concept must be
- done in colder climate. : :

B AhsaldoBreda also produces traditional fr'olleyb'l_lses;

- Model:
Capacity: _
- Empty Welght
‘Power: _
{autonomous)
Lengths:
. Top speed:

‘ Aecelerat.i'o'n:"
Control
System:

Streérrrr 24m

- 160-180

60-70 km/h -

Breda F32_1'

154

189t
185 kW
(80KW)

18111 : =
60-km/h -

IGBT Inverter

i Y

e

Breda F19

.‘ .90_:_ o

12.8¢
145 'kW‘
(80 kW)
12 m

60km/h

(55 kno/h)

The articulated trolley bus BredaMenaribus F 321, pzcture Ansaldobreda
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3. 5.5 Skoda

' Skoda is still the leading manufacturer of trolleybuses regardmg the number of veh1cles o

. produced annually: Ttis probably the.only manufacturer that has senes—productlon of its. -
- models whxch accounts for durable and affordable veh1c1es G it

 New models have low ﬂoors and DC motors w1th chopper control Research on. AC ;' Ok
motors is belng conducted ‘ o

Vehlcles
_ Mode[.‘

Capacity:

" Empty Weight: .

Power:

'(autonomous)_ :

Lengths: .
~ Top speed:
. Acceleration:
Control
System:

100
10t
. 100- 170kW :

C14TrM

ON

S 1134m
" 65 kin/h’

GTO ?thyfisfof_s 3

C176
159t
| 200:340 kW

CISTIM

() .
17.72m -

65 km/h

GTO thyri‘stors_'

2T

ot

Ncy

. 70km/h
13 m/s2 '

132- 167"1<w

1t 5{5111' .

~ GTO thyristors

2T

1T ;
© 1 240-280kW

17.87 m

© 70kmm
: 1.2m/sz': :

GTO thyristors -

The new Skoda articulated trolley bus 22 Tr, Picture Skoda -~
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4. Experience by 'opera,t_o'l's_ 'o'flt‘i'olley-bu's:':sy"s_té'rhs? -

'_41Introduct:on ' L TR
- The  experience from operators of trolleybus systems i our survey shows that

_ duo/trolleysystems are more expensive and’ complex to run. than _pure dieselbus - el

. aperations.. On the other hand, trolleys ate less expensive and compheated to maintdin’ -
compared with’ trams and light rail. Today most new trolleybuses is articulated type-of- ... .
18 m. Trolley buses are in first hand a less expenswe and more- ﬂex1b1e altematwe to»_' S

trams or 11ght rall

Newer trolleybuses have some kmd of APU (aux1hary power umts) ex. batterles or a_ E
small generator to be able to drive short and infrequent movements free from wires.”

" Duobuses with full sized diesel engines, that are capablé to operate with normal loads o

and speed are not very much in use. The reason for this is’ the h1gh cost and complex '
" mamtenance - : g

We have sent our questionnaire to 10 operators of trolleybuses and made short visits to

Bergen, Essen and Arnhem. Essen and Copenhagen have had tried duobus systems in -
1990s, but decided to discontinue the operatlons In-Essen the duobuses are StlH in daﬂy :
* use, but operates only with dlesel engmes -

Detailed ﬁgures about operating cost for individual routes have not been available for -
us, for obvious-commercial reasons. But some operators have presented us with useful '
relatlve figures. : :

4.2 Arnhem

The city of Arnhem is 51tuated in north cast Holland. The area round Arnhem is a‘
flatland, as most of Holland In this country. almost all electr1c1ty is generated by fossil
fuels, equal parts come from coal and gas fired power stations. '
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Arnhem wzll stay trolley bus- another 50 yearsf A troliey bus in Arnhem pzcture
ScanT ech Development

" The tram system in- Arnhem was’ destroyed in’ the ‘war. Trolleybuses replaced it and'_ o

Arnhemis the only city withtrolley buses. The route length is 50 km. When other cities -

in- 'Holland have had a declining market share for public transport, Arnhem have a -

positive trend. From 1986-92 the trolleybuses increased the number of customers with e

13 % and still keep its market share. Today Arnhem has five different trolley bus routes '

with a total coverage of 50 km., Trolleybuses is the preferred mode of public transport in

the city. Minor routes in the city and regional traffic is by diesclbuses. The council have.
recently decided to invest more money to upgrade the system - Trolley 2000.- This
“investment is a essential part in a‘grander scheme, the’ KAN-masterplaan for improving . .
pubhc transport in - Arphem - Nijmegen region. The. government will subsidy the .
trolleynet by 4.1 M NLG (2 ‘M Euro)/year. In Holland the environment benefits of .

trolleybuses is considered to reduce harmful emissions.

-Operator of the system is Connéexion Arnhem, a subsidiary to Connexion Personverkehr
NV. They operate pubhc transport and taxis all over Holland. They have got-a .

 conicession for 15 yéars to opetate trolleybuses to be able to invest in buses, as well as
in overhead. lines. Connexion have made market research, it indicates that by
implementing Trolley 2000 they will get 16 % more customer next five years. If the

- trolleys had been discontinued and substituted by best type of dreselbuses market

research suggest they will get 5% less passengers.

Trolley 2000 will consist of 32 new articulated trolleybuses. with low floor. The
investment will.be 30 M NGL( 14 MEuro), twice the investment compared with
articulated dieselbuses. Part of the present fleet of trolleys will be modernized, the total
fleet of trolleys will be more than 40, all of the articulated type. A new route will be
built added to the five present lines. The extension and rewiring is estimated to cost 6M
NLG. A further 20 new 12 m dieselbuses with low emission engines will run on feeder
routes.
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Much effort have been taken in preparing buslmes separate from other traffic’ and to'.',
arrange signal systems to give trolleys pr10r1ty in intersections. Each bus have three’
‘large doors to ease access for passengers. By increasing average speed and capacr[y of
~ each bus, they will cope with-increasing customer volume. In peak hours there will pass . .
8 buses af hour on each route and in off peak hours 4 buses an hour The revenues of RO
each bus w1ll be higher than in the old system. :

This trolley bus in Arnhem will be replacea’ by an articulated trolley bus wzth a capacity
of 135 customers, picture Scantech Development

Trolley buses in Arnhem are cons1dered very reliable and durable and they don’t requ1re
morc maintenance than dieselbuses. Maintenance of overhead power lines i 1s provided - .
by the same organization that provides the service of public streets lighting, Duobuses - -
have been tested, but is not at present considered as compeutwe because of hlgh cost
and questionable reliability.

_Environmental beneﬁts‘ are-much‘appreciated. Calculated on primary energy in Holland, -
trolleybuses use 22 % less energy than best diesel buses. Emissions to air of _
particulates, NOx, SOx and HC is 1:20 compared with diesel busses.

4.2 Bergen

The city of Bergen is situated on the west cost of Norway. In this country almost all
electricity is generated from hydropower. Electricity in Norway can be regarded as free
from any emissions to air and renewable.
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,A Mercedes trolley bus in Bergen pzcture Sch ech Development

' Bergen city is 51tuated in a hilly 1andscape and have many streets along steep hllls 5, .

Trolleybuses was introduced in 1950 to replace trams and at. this time they were, faster__'

'and more rehable and srlent than trams and buses with initial combusnon engme

Operator of the system is Gala *Traﬁk A/S They operate dlesel and trolley buses 1n; . |

‘Bergen area. They have today 11 articulated trolleybuses that serves one route of 11 k-

The average age of buses is 15 years. Total production-is 2.700.000 customers. fyear,
The continued operations of trolleybuses is conditional of an annual subvention of 4 M
NOK = Euro 500.000. from ‘Bergen city council. Purchase of new trolleybuses will be -
made n cooperatlon wrth other trolley operators in order to get economy of scale.-

Ga1a have bought 3 duo buses but decrded to not mvest more in thrs concept due to hlgh '
maintenance cost and lack of reliability- Recently Gaia decided to invest in 80 new LPG

buses: to replace most dieselbuses. The experiences from use of gas buses will in future":

decide if the trolley system will be i in opération after 2005.

Advantage of conventronal trolleybuses in Bergen is
¢ Low noise -
* Quick acceleration up h111s

o Reliability
* Emission free - )
Problems
e Lack of flexibility
o High cost '

e Icing of overhead lines in winter
¢ Unreliability of duobuses

4 3 Essen

City of Essen is situated in Rem Ruhr area in West of Germany. Rein-Ruhr has more
than 7 million inhabitants and a comprehensive public transport system with trains, S-
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bahn (light rapid transn) tramways and buses In Essen most of pubhc transport in ’Ehe_ ,. o

“center is provided by tramis. To avoid congested streets part of the tram lines in the c1ty._ S

: center is underground and connects w1th S bahn under ground
o 1979 the city got fundmg from “the federal nnmstry for - Scignce, Research and:_:' S
- Technology (BMBF) to develop and test a new concept of guided buses. The concept E

was called "Guided Bus Essen -

This. would enable joint operation of buses and trains. in-tunnels. The’ jo.in't— use of

railway lines by bus presupposes that the latter is able to run in the existing clearance -~

gauge. The aim of the project. was to develop and test all the components of a .

mechanically guided bus that are necessary for joint operation and test this in passenger : -
service. This should be achieved w1th0ut interrupting the train and tram traffic. The . e

most important components were:

- Track gu1dance of the buses
" 2. Guided bus trackway o

3. Guided bus switch S S

4. Route protection system. (locatlon 1dent1ﬁcat10n and mﬂuencmg}

5. Emission free drlve system for tuninel operatlon

Each part of the compIex system was developed an tested gradually
. Development was divided into three phases. All the components needed for tun,nel' -
~ operations should first be tested above ground :

The original selection of the testing and démionstration lines was made in such a-way -
that continuous new hnes was.created, connecting to exi isting lines. As many customers
as possible were to benefit from the advantages of the demonstration line. In order to
- ensure that the advantages of joint use of tunnel facilities were noticeable over the entire
lines, also these lines outside the tunnel were to 1nciude as long routesecuons as
poss1ble in guideways separatcd from rest of the traffic.

A Mercedes-Benz duo bus in diesel operation in Essen, picturé ScanTech Development.
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Wrth the 1ntroduct10n of the gurded bus - the pubho transport system could offer an

. attractive bus system’ that:

“1.-Serves the area flexibly on the existing road network : o
2. In some sections runs on 1ts own gurdeway and is able to operate 1ndependently of o
other traffic. :
3. Runs on ex1stmg routes Jomtly w1th rail vehicles. .-

- 4. Is able to make use of existing routes for public transport service were ra11 or trams

are no longer profitable. :

5. Reduces transfer distances by Jormng up Wlth the hght rail rapld transport system in -

- jomt tunnel stat1ons

' It would go to far in thls report to explam all the mtrlcate problems wrth gurdeways But
the lessons of duobus operation i tunnels is 1nterest1ng
It was decided to opt for duobuses to get emission free traffic in the tunnels To burld
overhead power lines on the.guideway that followed the A40 motorway was ‘considered -

o expensive. Therefore the buses would use d1ese1 engine on the motorway to the

suburb Kray. In Kray town they resumed to electric drive to get emission free traction in*
re51dent1ai areas and narrow shopplng streets. : :

The ﬁrst duobuses bought in?1980 was not of the low ﬂoor type In 1986 18 more -
articulated buses of the low floor type was ordered from Mercedes. The service of

- buses. in tunnels began 1988. In Essen the buses only serves tramway stops, in the .

tunnels. Here the first step is almost in fevel with the edge of the platforms. As two of -
the stops are stat10ns with a central platform. The buses were modified with addltronal
~ doors ont the left as well-as on the r1ght side to serve the central platforms

~ For mechanioal track guide only a few components need to be fitted to the vehicle.”
‘Steering signals is transmitted via guide rollers located dlrectly in front of the front
“wheels. Distance rollers is located after the other wheels in order to proteot the wheel -
- axels from damages frorn kerbs etc.

The _]omt use of track by bus and tram in tunnels in Essen requires’ many moré”
modifications to the buses then an exclusively guided bus operation. Driving the buses”
* with internal combustron erigines was not considered feasible, as it would be required- to
_install a costly automatic ventilation system. The buses should therefore have two drive
-systems . operating independently of each other. The change over from diesel engine to
electric traction was made at suitable stops in the network.:The driver can control the
attachment and dtsconnectlon from the catenary system from hrs cab
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The Jomt use of track by both trolley bus and tram in Essen pzcture ScanT ech |
Development. :

It was decided to not interfere with the existing tram catenary system. Because the buses’
could not fit an pantograph they built a complete separate.catenary system of the normal
trolleybus type. Therefore the buses was able to run at 750V and the tram could retain

-the 600V syster. In the tunnels the trolleybus catenary was kept-aside. the trams in a
low position because of lack of height. Power for the trolley system was supphed from .
four separate rectifier substations. - :

In order to integrate the gu1ded buses in the existing tramway protection system they
‘were ‘equipped with sensors for an automatic braking system and a device for reducing:
the typical bus braking performance to that of a tram. A modern bus can decelerate >5
-m/s2 in an emergency, a tram on the other hand can brake only 1,5 m/s2 under ideal
circumstances. If the automatic train protection system ordered the bus to stop, it risked-
to be hit by a tram from behind. Still German vehicle inspection require the buses to
brake at least 4 m/s2 when in road traffic. So the braking system must know when and if |
it was on the road or on the track.

Operational experience shows that the system with guided buses have proved- its
serviceability. Passengers, particularly elderly, appreciated the quick transfer from bus
to tram very much. The drivers appreciated the guided driving and separation from
other traffic. The system had a lower rate of accidents than any other part of the public
transport system in Essen.

In 1995 the German government cut down the funding for the experiment. At the same
time it occurred several dewirings in the tunnels, that showed that part of the catenary
needed rebuilding. It was therefore decided to quit operation in the tunnels and use the
buses only in diesel mode over ground. The guided tracks are still in use.
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Reason for this was that operational cost for - duobuses ‘was 25 % higher than for .-

articulated dieselbuses. Due to greater complexity they needed 50% more maintenance

time. Still the duobus was cheaper to run than a tram with equal passenger cafrying - *

capacity. What influenced the decision to- stop operatlons in trolley bus -mode was the "~

~ slowness and inefficiency of the supphers of the ¢lectric, components. A commerc1al s
dieselbus can normally get any spare part over night when breakmg down In the case of B

 the electrical components for- trolley operation EVAG in-some cases: ‘had to’ wait for i

important spares in months, as happens with spare parts for trams. This is an unportant;.‘ -

‘factor why the- ducbuses stilt operates every day on streets-in Essen, but now only -
powered by dleselengmes The catenary 1s still in place but the trolleypoles he ﬂat om -
the vehlcle roof. S

_The expenment in Essen shows that 1t was techmcally pos51ble to 1mp1ement all thls o

e complex technique and run it successfully. It was never really a commercial project. Vo

4.4 Athens . S e e T

L The City of Athens was in the 1980s i in the process to. be as famous for its smog as for -

its ancient monuments. The streets passes many steep hills. The géography is thus ideal -

for trolleybuses. To improve the air quality the government decided to- reinvest and . '

greatly expand the trolley bus system. Today it has EUs largest trolIey bus fleet. It has: -

90.000.000 customers a vear. In peak hours the trolleybuses operates in five mmutes : o

5 trafﬁc The routelength is 148 km. -

A Russian built ZIU trolley bus in Athens, picture ScanTech Devé!opment.

The trolley bus fleet consists of more than 400 buses, mainly from Trolsa/ Dynamo
(former ZIU, Engels City, Soviet Union). The last batch of Russian made buses was
obtained by barter trade. Recently Athens ordered 192 new trolleybuses, equally
divided between Van Hool/Alsthom and Neoplan/Kiepe. Athens have no duobuses and
is not intending to buy any at present. :
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45Nancy- o : _ S _
- Clty of Nancy is s1tuated in cast of France In order fo reduce emissions they The . -

trolley bus route net is 30 km. At present the fleet consists of 48 articulated: Renault per *

. 180 duobuses that produces 40 % of all public transport. In the end of 1998 Nancy :
~decided to invest in 25' Bombardier GLT ‘(Guided Light Transit.). ~This “is “a
* - revolutionary new concept, a form of light rail on rubber wheels. They can operate_-'.
- either in electric or diesel mode They are scheduled to come. into operatwn in the end ‘
- of year 2000, : : : =

4.6 Copenhagen '
The city of Copenhagen have made a test of a duo bus system The authorities dec1ded:

- not.to go further with duo buses Instead Copcnhagen 1nvested in an automat1c subway_:._. e R

‘system from AnsaldoBreda

. 478eattle : - : -
.. The Clty of Seattle, s1tuated on the north west coast of USA Its all hllly mty w1th many S
~ road tunnels. Seattle has 14 trolley bus lines, total length of routes is. 90 km. 109

conventional trolleybuses from AM- General and 46 articulated from MAN. In 1990

" they introduced articulated duobuses from Breda/Merani to better utilize the trolley net -
dn city center and in the many tunnels in the city. The 234 duobuses in service have -

* unfortunately had technical problems makmg them unrehablc They will be replaced by - ._ .

: "_'new vehicles.
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5. Comparison trolley bus systems versus other traffic systems
15.1 Inttoductibnlﬁ-

In thrs comparrson we - have compared drfferent trolley bus concepts wrth dlesel buses " :
and trams. : : o

We have made a synoptrc survey of extemal effects costs and operatmg ﬂex1b111ty Thrs- S
" survey -is ‘based on literature, 1nterv1ews with trafﬁc operators and a quest1onna1re o~

trolley bus manufacturers. -
'_.'_'5.2.External effects

' '5.2.1 Exhaust emissions f : ‘ A 7
Trolley bus systems operating on electrrcrty together w1th trams and llght ra11 have no -

- local emissions- from combustlon engmes
| The d’iesel bus emits e.g. nitrogen ox’ides particulate matters, arid carb'on monoxide and
. volatile orgamc compounds Although extensive efforts to reduce the environmental: -

impact are made by diesel engine producers the problems with emissions of nitrogen. - o
oxides and particulate matters remains. Both mtrogen oxides and partlculate matters are . . -

hazardous to humans.

There are national Swedlsh goals for reducmg emissions of both nifrogen oxrde and
part1culate matters. About 300 000 persons are ‘exposed for hazardous Jevels of

- emissions in Swedish cities. Emissions from urban traffic causes between 100 and 1000 -
cases of cancer every year. Diesel exhausts have a considerable 1mpact on the total =~

emissions in urban areas. The smell: of d1ese1-exhausts is an mconvemence for .
bicyclists, spectally uphill. : : : .

'Exhaust ernissions from a diesel engme for a bus are measured as g/kWh The ﬁgures_
below is for modern Scania engmes for the EURO 3-norm.

: Emlssmns for three modern diesel englnes o ' _
Engine power . NOx " PM - co - HC

300kW 46 008 0,5 0.3
250 kW 48 - ol 0.6 03

220 kW : 4,7 0,07 0,4 0.2

Source: http:/iwww.scania.se/environment/emissions. html

The trolley bus together with the diesel bus uses tires. Tires contributes to the emisstons
of particles. Trams emits microscopic metal particles due to the friction between rail

" and wheel. Diesel particles are recently considered as a health hazard. Particulates from
tires and asphalt are known to be bigger in size and therefore less dangerous for health.
The health effects of microscopic metal particles are not yet an issue in the traffic
debate although they are known to be as an health hazard in the steel industry.
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The total effects on ennsswn of greenhouse gases are. due to the overall. systemr

- consumption of energy and the emissions’ from electricity producuon ‘To compare the . -

* emissions of greenhouse gases from-diesel buses with the emission trolley bus systems" -
it is necessary to study the overall energy consumptron for the: trolley buss system e
_'mcludmg energy losses in the electric net. : S

A envrronmental study (Trolley 2000) on the trolley bus system in Arnhem compares L

'~ the emissions from trolleys and modern diesel buses with different fuels. The study.', o

: compares 18 m articulated trolley buses with 18 m articulated diesel buses.

The emissions was ealculated for the whole system 1nclud1ng energy producuon In the S

Netherlands the power mix is about 50: percent coal and 50 percent natural gas produced = -
in combined ¢ycle plants with very high energy utilization. More than 90 percent of the '; -

o _ _electrrcu:y in the Netherlands is produced with foss1l fuels

" Emissions from trolley bus system compared with dlesel buses,
ex. Arnhem.. D
~ Diesel bus - Trolley bus. . - Trolleys total .

‘g/vehicle km -g/vehlcle km  emissions compared - - -
R o C : with diesél engines
NOx 18,60 R 127 7% :
co . 190 0,06 c3%
HC ' 1,34 <<0,1 _ <<1%
soz . 1,44 o 0,62 ' 43%
- Particulates 0,56 - 0,012 2% ‘
. €02 L1880 1380 3%

For countries like Sweden where hydro- and nuclear power contributes with more than

90 .percent of the electricity the trolley bus will be even more.favorable than in the . :

~Netherlands. For greenhouse gases the emissions will be factor 10 Iower than in the
Netherlands :

We have takén the best emission factors for a modern articulated diesel bus with a Euro

3 diesel engine (Scania) using best available diesel (MK I= Jet fuel) together with the
energy consumption data from Amhem and made a brief calculation for the Arnhem’
trolley bus system with Swedish power production data. This calculation is only made
to show the order of magnitude. We also don’t know what the fuel consumption of a
diesel bus in Arnbem traffic pattern should be with Swedish low energy diesel fuel.
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o Emlssmns from trolley bus system compared W|th dlesel buses
ex. Arnhem W|th Swedish power mix. = - _ )
: Dieselbus ~ = Trolleybus. =~ Tro_EIeys‘total :
-glvehlele km. glvehiclekm =~ emissions -
' . compared with - -
o Lo oo o diesel engines
 NOx .- - 104 o 0,10 . 01%. '

6O 15 a0l 0%

“HC 085 0 R

' so2 T
Particulates 0,17~ . 0001 - . 05%

S.Cco2 1600 o400 8%

: 522N0|se

Noise from urban trafﬁc is a serious problem Many efforts are made by locai'_ o

authorities to rediice noise from urban traffic.. In urban traffic noise from the diesel - -

éngine is most prominent part of the noise from the diesel bus. This is. particularty =

.- important. when the bus accelerates. For tram and light rail the dominant part of the -+
‘noise cotnes from the contact between rail and wheels. The trolley bus with its rubber -

tires and electric engine has lower noise levels than trams and light rail vehicles. Most -

of the noise from a trolley bus originates from the fans cooling the electrical equlpmentﬁ
- and from the wheels When the bus is standmg still it is almost silent.

. In the Arnhem report ( Trolley 2000) the noise emissions. from diesel buses and trolley: .

* buses are measured. A trolley bus generates 72 dB (A). A diesel bus with best noise

reducing equlpment generates 78 dB (A) at the same speed The drfference in noise is -
almost factor four :

5.2.3 Energy consumption L
Experiences from Arnhem (Trolley 2000) shows that for a trolley bus system w1th
capacity of 135 passengers in each bus and a total production of 324 millions of
passenger kilometers consumes 1,95 kWh/vehicle km (4,89 kWh/vehicle km as primary.
energy in Holland). If the trolley bus system had been substituted with state of the art
diesel buses with equal capacity each of the new articulated buses would have had a
energy consumption of 7,18 kWh as primary energy in Holland. The Amhem system
uses regeneration of braking power. A concentrated trolley bus system makes it p0331b1e
'to reuse up to 50 percent of the regenerated power.

5.2.4 Visibility of network

The network for trams and light rail have a high visibility. It is easy for commuters to
find where the tram goes. Visibility is often assumed to increase the use of public -
transport systems. '

Trolley bus systems using overhead grids have almost the same _visibili'ty. Trolley bus -

systemns using ground connection to the grid, such as AnsaldoBreda STREAM, seems to
have less visibility of network, ' :
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" New eoncepts such as Bombard1er GLT and Matra C1V1S can- be made with the same:
L v1sxb111ty as tram- and light rail systems o - '

The operatmg hne for a d1esel bus is in 1tse1f not_ v131b1e It i 1s of course poss1b1e to use
‘other means to increase the visibility of the 11ne : : :

525 FIeX|b|I|ty | _ o | _
The conventional diesel bus is the most ﬂex1b1e traffic system.” The dlesel bus has'- o
increased it’s domination of urban traffic due to hlgh flexibility. B ' : R

" The least flexible systems are trams and light faﬂ Tt is very expehswe to make’ changes-'»:'_'

~-in the operation lines for trams and light rail.

The flexibility of a trolley bus systems is somewhere in between. New hybnd concepts _3' e

~ make it possible.to leave the operated line for shorter detours.. o
JIndoor operations will have increased 1mp0rtance in the future. Trolley bus trams and, :

~ light rail systems with no local emissions can operate in tunnels and inside shopping - - .

malls. Many operators and building constructors judges indoor operations as a. great :
advantage for the competltweness of public transport systems .

5286 Trafﬂe safety for passengers : ‘
Trams and light rail vehicles give high passive safety for the passengers due t0 there
heavy construction. In most collisions with other vehicles the rail bound vehicles will

. remain undamaged : 5 '

There is no difference between the d1ese1 bus and the trolley bus in passwe paSSenger '
_ safety In most colhsmns with railbound passengers will remain unhurt

5.2.7 Traffic safety for other road-users :
The situation is the opposite the above when it comes to trafﬁc safety for other read- '
_ users. The heavy construction of the rail vehicles is a safety problem for other road
vehicles. Vehicles with rubber tires have much better braking performance in an: -
emergency. Diesel- and trolley buses with steering wheel can also avoid collisions with
other road users by tuming away. Traffic systems with buses gives hlgher safety for .
other road users. -

The experience from Essen is that the ‘('i'uo trolley bus has the lowest accident rate of all

traffic systems. Against the trolley bus when it comes to safety is that it is so silent that
it can’t be heard by other road users.
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‘ ‘5 3. 1 1 !nvestment in fleet

" The Arnbem experlence from Trolley 2000 is that the mvestment cost for the ﬂeet wrll o f. f' L
"~ be twice the investment compared with an equal-number-of articulated diesel buses The . o
trolley bus hag an estimated economic life of 20 years and i 1s been written of in 15 years L

- " The dlesel bus has an estlmated economlc hfe of 12 years and is written of in 10- years R

i .A Teport from Denmark: (Lettbaner i Storkobenhavn‘? — Statuis marts 1996 Ramboll

- Kopenhamn 1996) states that invéstment cost for a modern tram is about 2 mrlhon".-_ :

" Euro: An articulated trolley bus with the samé capacity costs about 0,6- 0 8 mrllron Euro :
© A diesel bus w1th the same capac1ty costs about 0,3 m1Ihon Euro L

5. 3 1.2 anestment in mfrastructure _ : Lo '
In Copenhagen (Lettbaner i Storkobenhavn'? - Status marts 1996 Ramball Kopenhamn -

'1996) they estimated the investment in- the network, rails and catenary, to 4.3 million. :

- Euro per kilometer. An Italian report indicates investment costs. for the catenary for a

traditional trolley bus system with 50 km double track overhead wiring to 32,5 rmllron\ o

- Euro The cost per kilometer will be 0,3 million Euro per km srngle track

5. 3 2 Mamtenance cost

An Engllsh report (The Electric Trolleybus - rts role in future transport system P
Williams, 1996) descnbes the total . maintenance for both fleet and network costs for
- .different traffic. systems in the Netherlands. The overall yearly mamtenance costs. 1n-.' .
" Euro fora dresel bus, trolley bus and tram is shown below. :

Y_early mamtenance costs in Euro B
Diesel bus TrolleyBus - - - Tram
7400 9800 19000
Source: The Electric Trolleybus — ifs role in future transport system P Wzllzams 1996 .

. 5.3.2.1 Maintenance cost fléet

We have got maintenance costs from different operators. Due to the dereg*tﬂatron and
increasing competition we have only been allowed to publish the maintenance costs as
percentage with the typical articulated diesel bus as base.

The maintenance costs for trolley buses operated in a large net is equal to the

maintenance cost of diesel buses of the same capacity. In the case of duo buses the best
- figure is 25 percent more and the worst figure is 100 percent more.
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The maintenance -costs of a tram i$ even more expenswe than the duo bus: The 7':
_experience from Essen is that the mamtenance costs for a tram is double that of an - g
articulated dlesel bus : . : o

5322 Maintenance cdst'ihfra:structure- . _

The diesel bus don’t need dny special infrastructure: Tt uses streets.

- The trolley bus System consists of sevéral parts. It needs sub- statidné.' for rectification of . -

. AC power to DC, normally 600 or 750V DC It also needs cables for d1str1butmg the. S
' electrlclty to the overhead catenary. : :

"The tram need both power supply' systéms and rails. |

- It has Dot been feasible. in “this prOJect to get up to date and reliable mamtenance costs '
for trams and trolley buses that operates under comparable mrcumstances

5.4 Conclusions

Comparat:ve analysis, troiley bus and new trolley bus systems vs tram
and dlese! buses : :

Trolley bus |Diesel bus |Tram. - °  |Bombardier [DUOBus ° |Ansaldo-
I - GLT -~ [{trolley + -+  |Breda

‘ ) . ‘ ! Matra-CiViS -| diesel} o . STREAM
Noise *k *x e T wEY s
LOcal emISSionS -*Tk* ) : * i FRK . -**(*)‘ . *-k(*.) S| Rewk
Flexibility a *_ N * K ; > S
Maintenance costs  [* = [¥ o BE S
Investment network | ** AR * ‘ > Y ok
Invesiment fleet o AR * 7. *(*) ?
Capacity L *(*) wkd **(*) *(*) . - *
Visibility of network [ *** A whH kEk ok R E
Energy consumption | *** *x *x o e N K
Braking performance | *** il * ' o ok LR
TrafﬁC safety *dk *:k &k L33 ek : -***
passengers . _
Traffic safety — other | ** ok * o * R . Fiek
trafficants '
** = best
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. Appendix 1
New concepts for trolley buses in Sweden . - -

| Socio-economic costs- :

'Our ﬁndmg shows that shows that trolleybuses from a commermal perspectlve have S

“higher investment cost than comparable dleseldrlven buses

It could be ihteresting to try to intemalise external effects in the calculation. - .

As an example we presume that in a Swed1sh 01ty, the build and operate trolleybuses in a-. G

sumlar as in Arnhem.’

We thus take the productlon ﬁgures mn VehmIe km /year from Arnhem and use typrcal ; -
Swedish emission data from state: of the art dieselbuses and best avaﬂable fuel.

- The production ﬁgures fromArnhem 2.400. 000 km /year with trolie’y

' _.EIeetr1c1ty consumptlon 195 kWh/lOO km (mcludmg heatmg & ventﬂatlon) Total 1 95*_ o

2,400, 000 = 4,680 MWh/year.

‘ Dlesel alternatlve 63 litre/ 100 km total 2.400, 000 *0, 65 = 1.560. 000 1
o CO2 emission is: 2. 61 * 1,560,000~ 4, 0716 ,000 kg

In cities the trolley have no exhaust emissions. The 1nternahsed cost 15 =0-

" The diesel bus have following socia_l econOmicaI costs to_ be int'emalised. :

Emission factor |total emission | Cost. Total cost .

g/vehiclekm  |kg o SEK/kg SEK.
NOx 10,4 24,860 92 2,287120
HC 0,85 2400 - |66 B 237,600
Particulates 0,17 408 - |1084 - 442272
co? ‘ : 4,0716,000 0,38 11,547,208
In total: : , 14,5 M SEK |

We have used cost factots from Swedish sources '(Hansson 1997). In the case of
particulates the social cost might be higher today. This would not affect final result very
much.

. We have not credited the trolleybus with the reduction of noise, because it is difficult to
calculate the benefits of noise reduction of certain vehicles in a traffic flow. More could
be gained also trucks used the catenary and thus reduced the noise from all commermal '
transport. -




" 'The social cost from accidents is assum'ed 16 be equal. -

The social cost from emissions in the ‘Swedish electricity produetion incl. fransition = . '

"Josses is assumed: to-be equal to emission from reﬂuenes and other up stream iosses in
011 processmg and transport : '

The bus uses 4 680 MWh electricity /year The prlee ex. tax, ex. d15tr1but10n dutles for E R

: ‘-thls is in Sweden is today less than 150 SEK/MWh 700 000 SEK.

A d1ese1 alternatlve Would use 2 400 000 Q). 65 =1 560 000 htre

~ The price of diesel fuel (MK 1) (27 Nov'1999) ex taxes is 3.30 SEK/htre Total cost 1s _3 N )
' -15600001*330 514800(}SEK ' - . - . : :

. The dlfference in cost between eiectncny and 011 is (M SEK/ year)

B T o i

|Eleetricity .~ - - . 0,7
Difference R - 44-7-
Internalised social cost 4,5
Total cost difference - K 19 ( LLIM Euro)

An annulty on 15 year and 4% real interest is 0 09 -7 SR 7' L :
It. would be poss1ble to invest 9/0 09 = 100 M SEK in 1nfrastructu.re

1If the catenary system was used asa pubhc net for other commerc1a1 transport as refuse '
collectlon dlstnbutlon etc the social economic beneﬂts would be greater still.

Compared with trams trolley bus solut1on is less capxtai cost 1ntens1ve As the trolley bus' e
18 much less spemﬁc welght 1t W111 use less energy. : S
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