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Light Rail Transit System in Hanover 

HERBERT FELZ, USTRA Hannoversche Verkehrsbetriebe 
AG 

Light rail transit systems can be developed in various 
stages, from a streetcar system that shares its right-of-
way with other traffic up to a transportation system that 
operates substantially on exclusive rights-of-way (under-
ground, at-grade, or elevated). Hanover's LRT system 
developed from an existing streetcar system by construc-
ting a tunnel system in the inner city. This tunnel system 
allows a high performance level in that part of the city 
where the streetcar service had become unreliable because 
it shared its right-of-way with private cars. By incorpo-
rating elements of rapid transit and streetcar operation, 
the light rail system meets the city's demand for attractive 
transit services at an acceptable cost level. The system 
components, infrastructure (rights-of-way, stops, stations), 
vehicles, and operations are developed to a level tailored 
to Hanover's local conditions and the desired service 
quality. Buses used as a feeder and distribution system are 
also integrated into the transit concept. The infrastruc-
ture is characterized by an exclusive right-of-way (tunnel) 
in the inner core of the city and a separate right-of-way in 
the surface sections, mostly in the median of arterial 
streets. The Hanover LRT vehicle is a bidirectional, 
articulated 8-axle car. Trains are operated in 2—or 3-car 
units. Retractable steps allow passengers to board and 
alight at both low and high level platforms. The electronic 
DC chopper control provides smooth, jerk-free acceler- - 
ation and deceleration. Savings in traction current, in-
clucling energy recovery during braking, amount to about 
25 percent. The system combines signal control on the 
sections with exclusive right-of-way, with visual control on 
all other sections of the network. Special control devices 
for traffic lights that reduce waiting times for transit 
vehicles and a computerized vehicle monitoring and oper-
ating control system ensure a high performance standard. 
The results of traffic surveys and studies clearly illustrate 
the success of the light rail system in Hanover. Increases 
from 30 to 50 percent in the number of passengers are 
reported on the LRT routes in revenue service today. In 
addition, private companies have invested extensively in 
the CBD area where public investments for the LRT 
system are combined with a redesign program of major 
parts of the city center. 

The greater Hanover area, consisting of the provincial 
capital of Hanover and 15 surrounding communities, be-
longs to one of the most densely populated areas of the 
Federal Republic of Germany. Over a million people live 
on a surface area of 2275 square kilometers; approximately 
half of them live in the city of Hanover on a surface area 
of 204 square kilometers. 

The data in Table 1 characterize the monocentrical 
structure of the whole area. The relatively large and 
constantly growing number of people living in the sur-
rounding areas and the high concentration of employment 
and central institutions in the city of Hanover indicate that 
there is a close and extensive interaction between the city 
and its surrounding areas. 

As in other comparatively dense areas, a great deal of 
commuting triffic is allocated to the transit system. 

In the gieater area of Hanover, the public transpor-
tation system as a whole is coordinated by the Verkehr-
sverbund "Grossraum-Verkehr Hannover" (the regional 
transit federation). Within its service area is the USTRA 
AG (Hanover's transit company), which carries of about 
75 percent of all passengers using transit systems in this 
region. In the greater area of Hanover, more than 160 mil-
lion people are transported by public transportation an-
nually. 

Currently, the modal split in Hanover shows the fol-
lowing data: 

Item 	 Transit/Car 

Total traffic in the city of Hanover, 	 40/60 
Commuters in the city area and from the 	45/55 

surrounding areas to the city district 
Commuters from the surrounding areas to 	65/35 

the inner-city area 

The overall service concept for the public transportation 
system in the greater Hanover area is based on the 
following integrated operation of rail and bus systems: 

Commuter rail by DB (Deutsche Bundesbahn) —The 
commuter rail system run by the DB provides a 
fast link between the CBD and the areas outside 
the city of Hanover. 
Light rail by USTRA—The LRT system is the 
backbone of the inner-city transit system. 
Bus service—Buies supplement the light rail sys-
tem and functions as the feeder and distribut ion 
system and as-  a supplementary service for, areas 
not (or not yet) served by LRT lines. 

The bus lines are connected with the LRT system at 
transfer stations. Thus, it is possible to integrate services 
of bus and rail lines according to demand and avoid 
uneconomical, parallel services. 

LIGHT RAIL SYSTEM IN HANOVER 

In the middle 1960s, the long-range plan for the LRT 

Table 1. Hanover population and employment data. 	 - 
Empl. 

Population 	 Area 

Location 	1961 	1970 	1981 	1981 	(km2) 

City of 	 613 000 	582 000 	554 000 367 000 	204 

Hanover 
Rural district 	373 000 	486 000 	575. 000 124 000 	2071 

of Hanover 
Greater area 	986 000 1 068 000 1 129 000 491 000 	2275 

of Hanover 
Commuters into 90 000 	125 000 	145 000 

the City of 
Hanover 
(pass./day) 
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system in Hanover was developed. The assigned network of 
light rail consists of 4 routes: A, B, C, and D. These 
routes combine underground sections (exclusive right-of- 
way) in the inner-city area with separate right-of-way 
sections of the surface operation outside the CBD. The 
network is based on the old streetcar network; route 
extensions are planned to further serve densely populated 
suburban areas (e.g., at Misburg, Kirchrode, Kronsberg, and 
Wettbergen in the city boundaries; Langenhagen, Garbsen, 
and Hemmingen outside the city boundaries). The current 
network has a total route length of 94 km (8 km in tunnel); 
the long-range network will consist of a route length of 
107 km (22 km in tunnel). 

On April 4, 1976, the first LRT route, route A, from 
Lahe/Fasanenkrug (northeast) to Muhlenberg (southwest), 
went into revenue operation. Its total length is 18 km, of 
which 4 km in the inner city and 0.6 km at the south-
western end are tunnel sections. The second route in 
operation today is the northern part of route B. Route 
B-south will be opened for revenue service in September 
1982. The tunnel section for the western branch of the 
LRT route C is now under construction. This entire section 
will probably be in operation in 1985. Further expansions 
of the LRT system include the route extension of B-north 
to Langenhagen and C-west to Garbsen as well as the 
eastern section of route C (including the extension to 
Roderbruch). 

In the analysis of an LRT system, the following 
components should be considered: 

Infrastructure (rights-of-way, stations, 
transfer stations); 
Vehicles; and 

o 	Operations. 

With respect to these components, the LRT system 
development covers a wide range of operational and infra-
structural characteristics. 

Light rail is a railbound form of transport that can be 
developed in stages, from a modern tramway to an under-
ground or an elevated transport system. Each development 
stage can be the final stage but should permit further 
development to the next higher stage. 

For cities of about the size and structure of Hanover, 
this city's light rail system shows the state of the art: well 
proofed and experienced. Hanover's system will be de-
scribed by the three components mentioned above. 

Rights-of-Way, Stations, Transfer Stations 

In general, LRT systems have three different categories of 
rights-of-way: 

Shared right-of-way—Track areas are also used by 
other traffic. 
Separate right-of-way—Tracks physically sepa-
rated by curbs, barriers, and from other traffic 
except for at-grade crossings with pedestrians and 
vehicles. 
Exclusive r ight-o f-w ay —Fully controlled right-of-
way without any legal access for other traffic 
(e.g., tunnel). 

Currently, the Hanover LRT system network has a 
route length of 33 km, with 7 km in tunnels (exclusive 
right-of-way), 18 km on separate right-of-way, and 8 km on 
shared right-of-way. 

The tunnel sections are predominantly used in the 
center city area (i.e., in those parts of the city where the 
old streetcar service operated at very low speed because of 
the lack of a separate or exclusive right-of-way). Streets 
in Hanover's CBD are rather narrow, and the only way to 
upgrade the streetcar service and enhance the quality of 
service offered was to plan and construct a tunnel system 
in the inner core of the city, thus increasing substantially 
the operating speed, regularity, and punctuality of service. 

This decision is based on the basic design standards of 
subway system tunnel sections. The tunnel sections are 
constructed for a design vehicle with 290-m width. In the 
tunnel sections, a signal system is installed that provides 
automatic train protection. The capacity of this tunnel 
system, including station dwelling times, is approximately 
35 trains per hour. 

The capacity of the tunnel system influences the 
overall capacity of the whole system. In order to provide a 
reliable service at this capacity, the surface operations 
outside the tunnel system have to achieve a high standard 
of regularity and punctuality. This is the main reason for a 
design standard that demands separate right-of-way for the 
surface operation. 

Stops on the surface parts of LRT routes are designed 
with a length of 60 in and low-level platforms for the 
"normal" 2-car-train operation. The only exception is 
route B-south, which has a platform length of 90 m, 
allowing for 3-car operation to the Hanover Fair, an 
international industrial fair held annually in Hanover that 
attracts thousands of visitors. 

Platforms in the tunnel stations are designed with a 
length of 103 in, corresponding to the former U-Bahn 
requirements. These stations can accommodate a 4-car 
train of the Hanover LRT vehicle. In tunnel stations, high-
level platforms (82 cm) are used to provide comfortable 
and fast boarding and alighting. 

Among the surface stations, only the northeast branch 
of the route B-north has high-level platforms, because only 
in this section of the network could the more extensive 
width requirements for high-level platforms be met. 

The concept for public transportation is based on an 
integrated bus/LRT service and, therefore, much attention 
has been put into planning, constructing, and operating 
transfer stations. A safe, convenient, and comfortable 
transfer between LRT vehicles and buses is crucial. 

Vehicles 

The basic design features for the Hanover-type light rail 
vehicles are determined to a large extent by the different 
kinds of operation for which this vehicle is used: 

Operation on the existing streetcar network with 
low-level platforms and visual control, and 
Operation on the exclusive right-of-way (tunnel) 
with high-level platforms and signal control. 

The existing streetcar network in Hanover, with a 
minimum radius of 25 m and standards defined by BO-Strab 
(Verordnungen uber den Bau und Betrieb der Strassenbahn), 
restricted vehicle width to 2.40 rn and recommended an 
8-axled articulated vehicle with a length over couplers of 
28.28 in. 

The following provides further technical data: 

Arrangement of axle 'B'Z"ZB' (4 motored axles, 2 
braked, and 2 unbraked trailing 
axles; 

Track gauge 1.435 m; 
Bogies Single-motor bogies provided 

with DUWAG drive, rubber scroll 
spring suspension, and Megi 
primary suspension; 

Motor power 2 x 217 = 434 kW/60 mm. at 
600 V = 80 km/h; 

Floor height 0.943 in; 
Height of steps 388/294/261 mm, retractable 

steps for high and low 
platforms; 

Tare weight 38 800 kg approx.; 
Adherence weight 60 percent approx. of the tare 

weight; 
Seated capacity 46; and 
Standing capacity 104 (4/rn2). 

The vehicle is designed for bidirectional 	operation 
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with 5 electromechanically operated double-folding doors 
on both sides of the vehicle. The doors are operated by the 
passengers or by the driver. All doors are provided with an 
automatic closing device. Safety to passengers is ensured 
by a pressure wave system in the finger protection profile, 
a light barrier, and door step contacts. 

For operations with low- and high-level platforms, the 
vehicles are equipped with retractable steps that are 
automatically controlled to correspond to the design of the 
next station at which the train arrives. 

The trains may operate in single- or multiple- unit 
operation (up to 4 units). 

Drivers' compartments, separated from the passenger 
area by glazed screens, are located at both ends of the car. 
Good driving visibility, neat and convenient control 
groupings, and antiglare instrument layouts contribute to 
safety and comfort. The cabs are adequately ventilated 
and have adjustable seats. 

The vehicle offers seating for 46 passengers with 
integral molded GRP seats containing nondestructive GRP 
seat inserts. The seats are mounted on aluminum seat 
boxes that serve for storing sand and accommodating 
electrical instruments, heaters, and other equipment. 

The main feature of the electrical equipment is the 
chopper control, which provides a smooth, continuous ac-
celeration and deceleration. According to the results of a 
research project sponsored by the Federal Ministry for 
Research and Technology, the chopper control equipment 
provides not only a lower energy consumption during ac-
celeration but also approximately 25 percent energy re-
covery during deceleration. 

Other equipment, such as a public address system, 
fully automatic destination indicators (can be read from 
both inside and outside), ticket cancelling machines, on-
board speed control, automatic emergency brake system 
connected with the signal control, etc., are provided in 
accordance with the latest engineeringprinciples. 

Operations 

The predominant characteristics of LRT operation in Han-
over result from the combination of visual control on 
street sections with separated (or, in some short sections, 
shared) right-of-way and signal control on the exclusive 
right-of-way in the inner-city tunnel sections. 

As mentioned earlier, the capacity of the overall 
system is set by the line capacity of the tunnel system. 
The tunnel signal control system restricts the capacity to 
about 35 to 40 trains per hour for each direction, depending 
on station standing times and including some time reserved 
for maintaining a reliable schedule at a high service level. 

The offered line capacity of the LRT system cannot be 
utilized at the desired operational speed unless the trains 
arrive with the scheduled headways at the ramps (i.e., the 
beginning of the tunnel sections with signal control). 
Therefore, much attention is given to operating strategies 
that provide punctual and regular service. The following 
are two major fields in which special efforts were under-
taken: 

Special control strategies for traffic lights, and 
Use of a computerized vehicle monitoring and 
operation control system. 

Preferential treatments for individual transit vehicles 
at signalized intersections are successfully used in a num-
ber of cities. On LRT routes in Hanover with scheduled 
headways of 4 minutes, a control strategy that provides a 
"green wave" for all LRT vehicles in both directions, along 
a set of intersections in succession, is (or will be) used on 
all surface sections of LRT routes. This strategy has 
theoretically and practically proved itself substantially 
superior to other such measures as actuation of a special 
treatment signal (e.g., leading or lagging green) by each 
vehicle. Frequently, improving conditions for one vehicle 
means giving additional delay to others. Basic data neces- 

sary for design of a control strategy that gives the LRT 
vehicles a "green wave" are average standing times for 
each station, station-to-station operating speeds, and the 
distances between stations. Special treatments for vehi-
cles with long station standing times or other delayed 
vehicles are an additional feature of the control strategy. 
The computerized operating control system is used to 
select delayed trains that need an additional treatment. 
Thus, light rail vehicles more than 2 minutes late activate 
an additional leading or lagging green. This is one poten-
tial advantage of a computerized operating control system 
linked with other control systems. 

Computerized operating control systems have oper-
ated in Hanover for several years. Five years of operating 
experience with the COCS on all LRT routes show that the 
systems have become an important part of the punctual 
and regular service provided by LRT. A computerized 
operating control system can also improve transit planning, 
maintenance, and operations. 	Computerized operating 
control systems may be seen as the core of a management 
system for public transportation that includes planning, 
information, and control systems. 

The experiences acquired from daily operation (i.e., 
with the LRT system in Hanover) not only supply con-
vincing evidence of the high efficiency of these systems 
but also show that further effort should be made toward 
developing systems with the following characteristics: 

Universal application (LRT, streetcar, bus, with 
scheduled service as well as demand-responsive 
operation); 
Standardization of hardware and software com-
ponents to achieve lower costs; and 
Comprehensive and effective utilization of the 
data recorded and processed in the operating 
systems. 

Sponsored by the Federal Ministry for Research and 
Technology, USTRA, Hanover's transit agency is developing 
and testing a control system called BON (Betriebsleitsys-
tern fur den Offentlichen Nalwerkehr) with the charac-
teristics listed above. 

The EON system has the following components: 

Central equipment (process computer and ter-
minals in the control center), 
Vehicle equipment, and 
Line equpiment. 

By improving communication between the vehicle 
drivers and the dispatchers in a control center, the fol-
lowing objectives can be achieved (on-line functions): 

Detailed information for control center personnel 
on current operating conditions, i.e., the actual 
position of vehicles in service with respect to 
time and position compared with the scheduled 
position; 
Selective information for control center personnel 
on trouble spots and provision of aids for their 
elimination; and 
Information for vehicle drivers that indicates 
actual positions and possible delays the vehicles 
may encounter and transmission of coded instruc-
tions to the vehicle drivers. 

The following are other important on-line functions: 

Information for passengers corresponding to the 
latest operating situation, and 
Improvement of operation through coordinated 
control of traffic signals and selection of delayed 
vehicles to receive special preferential treat-
ment. 

Vehicle Equipment 

Much of the data on vehicles required for the operating 
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control system are also processed or made available by 
other information equipment in the vehicle. Therefore, it 
is appropriate that this equipment be jointly controlled 
with the operating system functions via a modular inte-
grated on-board information system (IBIS). 

Much information is supplied continually to the driver 
while the vehicle is in operation. Other necessary infor-
mation supplied to the driver through the BON vehicle 
terminal include destinations in the event of diversions, 
departure times when timetables are changed, and instruc-
tions to await for connections. 

Updated Passenger Information 

The use of computerized operating control systems allows 
relaying selective information on the operating situation to 
passengers. The continuous data exchange between the 
vehicles in service (light rail and buses) and the control 
center provides passengers with the most current infor-
mation available on the latest operating situation. 

Until now, the visual information systems used in 
public transport gave passengers static information on the 
type and extent of the scheduled services. The use of 
computerized operating control systems permits dynamic 
information (i.e., information related to the latest oper-
ating situation) to be given them. 

A display unit is located at stops that can be con-
trolled via the operating control systems computer. It 
contains the following information: 

Name of stopping place, 
Time, 
Line number with direction, and 
Probable departure time. 

To achieve effective use of the information collected 
in the central computer of the operating control system, it 
is advisable and logical to connect computerized operating 
control systems for light rail to the secondary systems for 
train protection equipment and traffic lights. 

In addition to the on-line tasks of the operating 
control system that prepare or bring about direct inter-
vention in the operation, the following off-line functions 
can be performed based on the data determined by the 
operating control system: 

Record of daily faults and incidents—This record 
is printed daily and provides information on the 
irregularities during the day. 
Continuous statistics—These statistics are printed 
at fixed intervals (daily, weekly, monthly). They 
contain data on operating and transport volumes 
and can be used as a basis for annual statistics. 
Planning statistics—These statistics show special 
operating, traffic, and technical data linked to 
specific problems. The results serve as a basis for 
improvement of transport services and technical 
equipment. 

The data that can be used for off-line evaluation can 
be placed into the following categories: 

Traffic data (passengers boarding and alighting, 
number of passengers in vehicles); and 
Operating data (running and stopping times, per-
sonnel data, vehicle data). 

The operating control system employed in Hanover 
analyzes performance by plotting speed/distance diagrams 
derived from data that recorded the actual journey time on 
the route for a chosen number of vehicles. 

State of Development and Forecasts for Computerized 
Operating Control Systems 

Previous experience with computerized operating control 
systems has supplied convincing evidence of the high 
efficiency of these systems. Further development in the 
field of operating systems should include the following 
objectives: 

Universal application of the systems (LRT, street-
car, bus); 
Standardization of hardware and software com-
ponents; and 
Comprehensive and effective utilization of the 
data recorded and processed in operating systems. 

These three items provide a starting point for the 
development of a standardized operating control system 
for public transport now being developed and tested in the 
Federal Republic of Germany under the abbreviation BON 
(Betriebsleitsystem fur den Offentlichen Nahverkehr (oper-
ating control system for public transport)) by USTRA 
Hannoversche Verkehrsbetriebe AG in collaboration with 
other transport undertakings and Verband äffentlicher 
Verkehrsbetriebe (Association of Public Transport Under-
takings). In the summer of 1982, the first 150 vehicles (90 
LRT vehicles and 60 buses) will be fully equipped with 
vehicle systems by AEG, SEL, and Siemens. The entire 
system will then be tested. 

FINAL REMARKS 

Transit ridership in Hanover has increased from 98 million 
passengers/year in 1969 to 137 million passengers/year in 
1980. This 40 percent increase in transit ridership parallels 
the approximately 60 percent increase in the number of 
passenger automobiles in the greater Hanover area. The 
20 percent net gain in transit riders between 1976 (opening 
of the first LRT route) and 1979 verifies the important role 
that LRT plays in this development. 

On route A (Lahe/Fasanenkrug—Mühlenberg), daily 
patronage is approximately 108 000 passengers, which re-
flects a growth of more than 50 percent since the days of 
the streetcar routes. Some of the attracted passengers use 
the bus feeder and supplementary systems and then trans-
fer from bus to the LRT. Over 30 to 35 percent of current 
riders did not previously use transit. 

Before, the opening of route B-north, and one year 
after, an extensive study was carried out to get detailed 
information about changes in demand corresponding to the 
new LRT line. Results indicating ridership increases of 
over 30 to 35 percent demonstrate again the success of 
Hanover's LRT system in attracting 'new' transit riders. 

The following conclusions are drawn from a repre-
sentative household survey conducted in 1981 for the 
coverage area of route A: 

Seventy-eight.percent of all CBD trips are made 
by LRT. 
Fifty percent of all persons with a private car at 
their disposal use LRT for their CBD trips. 
More than 90 percent of those interviewed re-
marked that Hanover's LRT successfully meets 
the criteria of punctuality, regularity, comfort, 
and speed. 

Over 90 percent of those interviewed considered the 
money spent for LRT to be a good investment. This 
demonstrates the positive attitude of both users and non-
users toward the LRT system. 

LRT has played an important role in Hanover. The 
high level of service it offers and the acceptable cost level 
for its construction and operation have contributed signifi-
cantly to this successful LRT system. 


