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1. Introduction 

The amount of energy used in transport is influenced by several factors. These are:  

• Land use regulation 

• Mobility management/ modal split 

• Efficiency of means of transport 

• Energy consumption of transport infrastructure 

 

Most municipalities are not aware of the amount of energy used by transport infrastructure. For 

example, energy consumption in the municipality of Graz for street lighting alone amounts to 

8,5 million kWh a year, which equals more than 1 million Euro. Therefore, methods to increase 

energy efficiency not only provide cost and emission reduction, but also provide economic 

benefits by an increase in regional commercial activity.  

The aim of this material is to give better understanding and knowledge to energy agencies about 

energy efficiency in streetlighting and transport infrastructure. 

 

Main elements contributing to significant energy use in transport infrastructure are: 

• Street lighting 

• Traffic signals 

• Christmas lighting 

• General outdoor lighting 

• Pay and display parking meters 

The following pages will deal with each of these elements and describe technologies and 

measures to improve efficiency, show results gained and give examples.  

 

The problem of light pollution exists most everywhere, and it is still growing rapidly. The dark 

skies disappear because of urban glow. The reason is low quality lighting equipment. Possible 

solutions are:  

• Quality design 

• Control of the light output 

• Control of time and period of operation of light 

•  Minimization of glare through design of lighting 

•  Energy efficient light sources (low pressure sodium lamps) 

The International Lighting Commission (CIE) and many other organizations now have technical 

committees addressing the issues, and reports and recommendations are pending. Visit the 

Dark-Sky-organization for further information www.darksky.org 

 

http://www.darksky.org/
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2. Energy efficient transport infrastructure 

2.1  Street lighting 

Street lighting costs, i.e. electricity and maintenance, can be a significant expense for 

municipalities, so it is important to take advantage of opportunities for efficiency 

improvements.  Manufacturers are continually developing products that are more energy 

efficient and cost-effective.  New options are being developed for all applications, but matters 

are complex. Moreover, increasing traffic, demand of residents for safety, many regulations and 

an ever tightening budget make the decision of how to improve on energy and cost efficiency 

even more complicated. 

Measures 

There is a vast array of measures. The reality will be a mixture of these measures, these include: 

• Reducing operating hours 

• Reducing power and/or number of lamps operating 

• Replacing inefficient light sources by efficient ones 

• Replacing lighting fixture/luminaire 

• Improving control system 

• Improving maintenance practices 

Operating hours 

Councils are committed to running their street lights throughout the hours of darkness, leaving 

limited opportunities for savings in this area.  However, it’s important to ensure that lights only 

operate when required and only run when the amount of daylight is below a certain level.  This 

can be achieved using and optimizing photoelectric switching.  Care has to be taken that this 

switch is kept clean and in good working condition. Graz has an average value of 4200 

operating hours per year, which is influenced by climatic conditions. In 2004, Graz city council 

decided the street lighting to be switched on 5 minutes later in the evening and switched off 5 

minutes earlier in the morning, which equals a saving in electricity costs of 1,5% . 

Number of lamps 

The amount of light necessary on the road depends on legal requirements, tarmac, traffic 

volume, type of road, speed limit and surroundings. In case one of these parameters changes 

during the night (e.g.  traffic volume, speed limit), the luminous flux can be decreased. This can 

be achieved by reducing power (voltage) of the lamps or switching lamps off at all. Reducing 

voltage is limited though, since the usual physical voltage drop, which is a function of the 

length of cabling, is the limiting factor for lamps to come on at the end of an installation’s 

cabling. In order to estimate savings, the structural condition of the affected installation has to 

be analysed individually.  
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Light sources and lamps 

There are several lamp families that are used in roadway lighting, each with their own 

characteristics. Available technology and costs have been the main drivers that determined what 

systems have been used in the past. By using more efficient light sources, it may be possible to 

reduce the number of lamps operating and provide the same levels of illumination.  Lamps and 

ballasts used in one system are generally not interchangeable with another. Retrofit is not 

economical in most cases. A change of type of light source requires a change of the complete 

luminaire as well.  

 
Picture courtesy Optimon 

 

• Incandescent 

Incandescent lamps are well known from use in households. They provide a point source light, 

meaning it is easily controlled and directed with a fixture. They use 90% of the energy they 

consume to produce heat, with only 10% going to light. 

• Fluorescent lamps 

These lamps are much more efficient than incandescents, basically reversing the energy to 

heat/light ratios. Lamp life is around 20.000 hours. Efficiency decreases with falling 

temperature.  Today’s technology (T-8, T-5) and electronic ballasts can replace the old (T-12) 

magnetic ballast equipment and provide energy savings of 30-40%.  

• Low Pressure Sodium (LPS) 

These lamps have long lives (18.000 hours) and are very efficient. However, they render color 

in a monochromatic yellow, making vehicle, clothing, and road sign colors unidentifiable and 

are suitable only for a few applications (certain highways, etc).  

• High Pressure Sodium (HPS) 

These lamps emit a golden light and are the most efficient ones for street lighting. They come in 

a variety of shapes and sizes, there are many fixtures available for them and they have good 

optical control characteristics. 
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• Metal Halide (MH) 

These lamps are also very efficient and have good optical control. They emit a white light and 

have good color rendering qualities. Lamp life is around 10.000 hours, more with the new 

pulse-start-technology.  

• Mercury Vapor 

This was the first "white" high intensity discharge light popular for roadway and outdoor 

lighting. These lamps are known to remain "in service" long after their useful life. They light up 

enough to see the lamp is on, but provide no useful light to the working surface below, all while 

using the same amount of energy for decreasing output. They are not suitable for energy-

efficient lighting. 

Type of lamp Power range [W] Luminosity [lm/m²] 

Incandescent 15…150 9…15 

Flourescent tube 18…58 43..76 

Mercury vapor 50…400 30….49 

High pressure sodium 50…400 67…128 

Low pressure sodium 18…180 69…152 

Table: lamp types and luminosity 

Fixtures 

Fixtures come in a variety of shapes that direct the light to where it is needed and beyond. 

Together with High Pressure Sodium it is the fixture of choice for new street lighting 

installations and has been for many years. These fixtures send their light downwards, placing 

more of it on the roadway with less stray light and no glare. New fixtures are generally 

luminous more efficient, which allows light sources with lower power to be used. Sometimes 

there has been negative public feedback after the full-cut-off luminaries are installed, because 

the absence of the glaring lamp from view gives some people the perception there is less light to 

see by. 
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Picture courtesy Optimon 

 

The luminaires should allow an easy change of the lamp. Sealing quality is of major importance 

to prevent ingress of dirt and insects, which influences optical performance and maintenance 

costs. 

 
Picture courtesy Optimon 

Control system 

Modern digital control systems consist of three main elements: 

• Control unit in the luminaire 

• CPU and GSM module in each of the switchboards of the installation 

• Remote data processor for management and controlling the individual installations 

These systems are capable of operating each luminaire from an installation individually. 

Moreover, they inform online about the state of each luminaire and its individual components 

including a detailed fault detection. The savings are claimed to be up to  30% for electricity and 

40% for maintenance. Investment costs for such systems, especially when retrofitting, are high 

and life cycle costs have to be calculated individually to estimate payback time. 

Maintenance 

All lighting installations need to be maintained to perform at maximum efficiency.  Dirt on lens 

on panels and reflectors leads to reduced output from the luminaire, while lamps fail at 

reasonably predictable intervals. That is why lamps can be replaced on a planned basis 

(scheduled mass replacement interval) before they fail instead of spot replacement. Using a little 

number of different types of fixtures and lamps also brings costs down through purchase 

conditions and improved stock-keeping. A software based data management helps to know the 

number and kind of lamps and fixtures.  
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Total costs of a typical street lighting installation over a period of 25 years consist of 85% 

maintenance and electricity and only 15% investment costs. Careful design and selection of 

lamp type and luminaire for an installation is therefore of utmost importance. 

 

Example- Graz 

In Graz there are 24.000 light spots. Electricity consumption is around 8,5 Mio kWh per year 

which equals 1,1 Mio Euro. Maintenance cost is 1,7 Mio Euro. Assuming the average life span 

to be 24 years, 1000 fixtures have to 

be replaced every year.  

Grazer Energieagentur has developed 

a so called “Thermoprofit”- scheme 

and implemented a pilot project. The 

purpose was to replace 720 luminaires 

and lamps by highly efficient units.  

Grazer Energieagentur acts as an 

ESCO and is responsible for general 

management- design, financing, 

contract negotiations, controlling, 

guarantees and public relations. The 

local utility, usually doing service and 

maintenance, was responsible for construction work and for the European wide tender for the 

luminaires. Duration of the contracting is 15 years. The measures are paid for by the savings 

achieved. Moreover there is a financial benefit for the city of Graz right from the start in the 

amount of 28.600 Euro. Electricity consumption is reduced by 530.000 kWh per year or 58%, 

which equals 65.000 Euro.  
(Picture courtesy www.energie-graz.at) 

 

2.2 Traffic signals 

Traffic signals are a part of today’s transport and influence not only safety, but mobility and the 

related energy use to a large extent. The expense for traffic signals consists of energy used for 

operating the installations but to a much larger extent of maintenance cost. 

Measures and results 

Conventional signals can be replaced by LED units. LED signals offer the potential for 

significant energy savings because they use only a fraction of the energy that standard signals 

require. A typical red lamp requires 75 watts, while a 30cm unit with red LEDs uses just 10 

watts. Improved intensity from the LED units allows to use a smaller diameter of 20cm with 

even more savings. 



ENERGY EFFICIENCY IN TRANSPORT INFRASTRUCTURE AND STREETLIGHTING 8 

Reference Material from COMPETENCE  

Regarding visibility for daytime viewing, there is no significant difference between standard 

and LED traffic signals having the same nominal colour and luminous intensity
1
. 

LED signals are comprised of up to hundred 

individual LEDs (depending on type and size of 

signal), that are very unlikely to fail all at once 

and therefore have a typical life span of at least 

three to five years. Other components can fail, 

though, but there are no assured facts at the 

moment. Nevertheless, maintenance 

expenditure can be reduced by a large amount. 

With conventional signals, usually there is a 

scheduled mass replacement interval for all 

installations twice a year plus spot emergency 

replacements (when lamps fail) in between. 

LED units are replaced every two (up to three) 

years. 

There are LED units on the market that are 

designed to fit into existing signal lamp sockets. 

However, unique electronic characteristics 

(voltage, control system,…)  of LEDs require 

the complete change of the whole traffic signal 

system of an intersection. A typical application is therefore a new construction of traffic lights at 

an intersection. 

Investment costs for LED units are  two to three times higher than for standard signals. But 

there is a standardisation process going on at the moment with both manufacturers and 

customers at one table and European standards are under way (eg. EN12368)
2
. This and a more 

widespread use will bring down production costs in the future. The initially higher costs are 

compensated for by savings in electricity costs and maintenance costs, which are down by 50% 

(electricity) and 30% (maintenance) according to the city of Aachen. Payback time depends on 

charges for electricity and service, as well as requirements concerning infrastructure (type of 

intersection, etc.) . Life cycle costs have to be calculated individually to estimate saving. 

Financing by ways of e.g. contracting (see below) is a proven method to help municipalities to 

overcome this initial barrier. 

(Picture courtesy www.royersignal.de) 

 

Example- Graz 

In Graz there are 260 traffic light installations (intersections), of which 10 are equipped with 

LED units. Electricity consumption is around 1,7 Mio kWh per year which equals 220.000 

Euro. Maintenance costs are as high as 960.000 Euro! Typical costs for a standard installation 

(one intersection) are around 80.000 Euro including the control system and software plus 20.000 

Euro building work. Around 10.000 Euro has to be added for LED units. In a rough guess, 

payback time is around 10 years. LED technology is implemented whenever an existing 

installation is replaced or a new one required. 

                                                      
1
 Lighting Research Center, NYSERDA, 2000 

 
2
 City of Zürich 



ENERGY EFFICIENCY IN TRANSPORT INFRASTRUCTURE AND STREETLIGHTING 9 

Reference Material from COMPETENCE  

 

 

 

Example- Stockholm 

In Stockholm, the project of exchanging the whole traffic signal system was introduced in 

stages and completed in 2001. There are 530 signal control points. Incandescent traffic lights 

required 6,4 Mio kWh where LED lights require 640.000 kWh. Furniture and installation cost 

was 3 Mio Euro, additional cost for LED units was also 3 Mio Euro. Annual savings consist of 

471.000 Euro (electricity) and 243.000 Euro (maintenance), in total 714.000 Euro!  

 

2.3 Christmas lighting 

Over a short period of around six weeks a year, Christmas lighting is in operation in many 

towns and cities over the whole of Europe. It is already recognized by the municipalities as an 

expense factor, but there is strong demand from the public, local commerce and tourism boards. 

The major part of costs though is caused by installation, repair and maintenance.  

Measures and results 

The easiest way to save energy is to reduce the operating hours. This can be done by timer or 

photoelectric switching.  

Another possibility is the use of more efficient lamp types. In this case it is important to make 

sure that the appropriate control gear (ballast) is used.  

LED lights offer significant energy savings over standard lamp types, but investment costs are 

high. Therefore an exchange is not economical, but should be taken into consideration for any 

new or replacement installation. In this case the possible saving potential and life cycle costs for 

an installation with LEDs should be calculated individually. 

One has also to take in consideration that the different design and light colour does affect the 

expected traditional appearence. The choice is therefore also a matter of taste. 

Example- Graz 

Christmas lighting in Graz is in operation from end of november until mid January. Operating 

time is from 3:30 in the afternoon until midnight (400 hours in total). Energy consumption is 

93.000 kWh, which equals 12.000 Euro. Reducing the operating time by two hours a day results 

in reduction of 25% or 3.000 Euro.  

The bigger share of costs by far is installation, storage, 

repair and maintenance (130.000 Euro). The job is 

effected by the street light department of the local 

utility, that also is in charge of planning new and 

modern christmas lighting systems. The  public 

christmas tree on main square was equipped with 

24.000 LEDs which reduced electricity consumption by 

2.200 kWh or 80% per year.  
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Picture courtesy www.energie-graz.at/beleuchtung 

 

 

2.4 General outdoor lighting 

Municipial outdoor lighting includes also lighting of buildings, sights,  promenades, bicycle 

paths, sports fields and so on. Principles of fixture and light source technology of the streetlight 

chapter apply here as well. In some special cases solar powered lamps can be used. These lamps 

do not need a grid interconnection and are ideally suited for solitary applications outside town 

centers, such as bus stops, car parks, docks, parks, signs, promenades, etc. 

Solar lighting 

A solar panel converts light to electricity. During daylight, the solar panel charges batteries. The 

system also incorporates charge regulators, which stop the flow of solar generated electricity 

when the batteries are fully charged, and then resume charging when more power is needed. 

There is always enough sunlight, even with clouds or rain to collect solar energy. A typical 

system can store enough energy to operate several consecutive days without sun. Solar powered 

outdoor lighting is virtually maintenance free, because the batteries require no regular service. 

Systems should be assembled from components specifically designed for solar lighting. 

There are different designs available for individual applications. Power depends on panel size. 

A panel of 1,48m x1,33m with a peak power of 240 watts delivers enough energy for a light 

source suitable for street lighting. 

Example- municipality of Voitsberg 

Outside the city center of Voitsberg, an intersection with high accident risk was equipped with  

a solar lamp installation. Distance to the nearest grid interconnection was150m, one road was to 

be crossed. The offer for the standard installation amounted to 9.500 Euro. 

Instead the decision was in favour of a solar street 

lighting. Height of the fixture is 4,8m. Peak power 

of the solar panels is 240 watts. Two gel batteries, 

24V, are used with a capacity of 280 Ah. Light 

source is a sodium low pressure lamp with 26 watts. 

Even in December, when solar energy quantity 

available is at it’s lowest in this region, a minimum 

operating time of 8 hours is guaranteed. It is 

estimated that two thirds of the saving in electricity 

cost is used up by the need for new batteries in a 

time span of 20 years. Total cost was 5.600 Euro 

including installation cost, which is an immediate 

saving of 3.900 Euro! 

 

 

 

http://www.energie-graz.at/beleuchtung
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Picture courtesy of www.ecolights.at 

 

 

2.5 Pay and display parking meters 

In many town and city centres, demand of car parks and parking spots 

exceeds supply by a large amount. Besides limiting duration of maximum 

parking time, municipalities levy parking charges. This can be done by 

automated kiosks. The "pay and display" stations issue a printed receipt, 

some with a peel-and-stick backing.  

Measures and results 

Solar powered meters are fitted with highly efficient solar panels, integrated 

with the top of the machines, to keep the integral battery charged. The panels 

simply require exposure to daylight to operate effectively and can be in total 

shadow from trees and buildings and will put out sufficient energy to run the 

machine. Peak power of the solar module is 27,5 watts, the system operates 

with a 12 V battery. There is no heating in solar powered meters, however, 

which can lead to problems with low quality paper needed for the receipt. Typical consumption 

of a parking meter issuing 100 tickets a day is 2 kWh per year. There is no cabling required, 

which saves connection charges. Batteries last 5 years, investment costs are equal to standard 

grid connected machines. The main savings result from eliminating the costs for grid 

interconnection.  

Example- Erlangen 

Erlangen has installed around 100 parking meters of which 70 are solar powered. This was a 

requirement, since grid interconnection was not possible in many cases. The meters are 

connected to a control centre via GSM and offer failure detection and sales information. 

Specific servicing of the solar powered meters is done together with the standard maintenance 

(replacing paper, collecting coins, repair) and therefore creates no additional effort. 

(picture courtesy www.versorgungsbetriebe.de)  

 

 

 

http://www.ecolights.at/
http://www.versorgungsbetriebe.de/
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3. Project development 

Street lighting is a large single expenditure for many municipalities. Nevertheless the awareness 

of this fact is commonly non existent, although there are huge saving potentials to be gained by 

improvements. 

Barriers 

Some of the problems encontered by the municipalities are: 

• Complex matter regarding coherent facts, such as building work, utility, maintenance, … 

• Little information about options and solutions 

• Public need for safety and security 

• Single measures without integral concept 

• Difficult decision through vast range of products 

• Many regulations to adhere to 

• State of installations not always in line with legal requirements 

• Restricted funding possibilities 

Specific features 

A street lighting project includes much more than just lamps and luminaries. One has to bear in 

mind that municipalities usually want to achieve several goals in line with a new street lighting 

installation: 

• cost saving 

• long-term relief of budget 

• claim of subsidies 

• increased safety for traffic and residents 

• meet legal requirements 

• enhanced apperance 

• combination with other building work and cabling 

• integrate local companies and utility 

 

Implementation 

The energy agencies as independent experts can assist municipalities to implement a successful 

street lighting project. The following flow chart is a proposal and should give an overview of 

the individual work packages and steps required. 

• presentation of general information to decision-makers 

• check of energy bills 

• investigate maintenance costs 
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• survey of existing equipment 

• development of an integral long term concept 

• presentation to the municipality 

• project planning 

• tendering 

• surveillance through realization 

• monitoring of savings 

 

The first step is to gather facts from the existing street lighting, such as electricity and 

maintenance costs, number, type and condition of luminaries and lamps, lighting requirements 

(e.g. traffic, residential) and scheduled work and expansion activity in the municipality. These 

data are the basis for an analysis, the amount of savings to be expected and the development of a 

financial model for the investment required. This analysis acts as a decision-basis for the 

municipality. The subsequent planning can be done by a lighting designer or by the ESCO 

accepting the bid. Since municipalities are generally inexperienced in this subject, tendering of 

an ESCO-project should be done by the energy agency, which ensures a successful realization.  

Documentation of the success of the project and demonstrating the benefits of efficient street 

lighting is essential. This is the task of the energy agencies as independent experts. They report 

on the results of improvement of lighting parameters (compared to previous measurement data) 

and the cost savings achieved to the municipality. It is important to emphasize the benefits of 

such a project rather than the elements of the lighting installation itself. 

 

3.1 Financing 

The way of financing a street lighting project depends mainly on the monetary situation of the 

municipality and the volume of measures to be realized. Further parameters are:  

• Energy consumption 

• Size of installation 

• Previous costs 

• Measures planned 

 

Financing a street lighting project can be done by:  

• Cash settlement 

• Leasing 

• Contracting with an ESCO 
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Leasing 

Lease financing is based upon the fact that a municipality uses a property instead of buying it. A 

properly constructed lease is not considered a public debt. "Lease-purchase" agreements (in 

which the municipality leases a facility while purchasing it) and "sale-leaseback" agreements (in 

which the municipality sells a facility to a lessor and then immediately leases it back) offer 

several advantages over other financing methods. A municipality can obtain a facility without a 

large initial investment. The municipality can obtain quick cash for a facility (although the cost 

of repaying the lease will exceed the sale price). A lease can be used to spread the cost of a 

facility over a long period of time. Lease agreements do not contribute to Maastricht spending 

limit. There is also a combination of leasing and third party financing. 

Using lease financing is not without its drawbacks. The agreements necessary are complicated 

and expensive and therefore are suited for bigger investments. The municipality is still 

responsible for design, implementation and maintenance of the street lighting. 

 

Third party financing 

An Energy Service Company (ESCO) contracts with the municipality to plan, finance and 

install energy efficiency technologies at the ESCO's expense. The contract provides that the 

ESCO is repaid through a share in the value of the energy savings that result from the 

technology installed. The ESCO offers a total service package, runs and maintains the 

installation, which results in further savings for the municipality. The ESCO guarantees the 

municipality energy savings at a specific amount. Duration of the contracting is usually 10 to 15 

years. For the municipality, there is no or little investment (depending on measures) necessary . 

Third party financing agreements do not contribute to Maastricht spending limit.  

It is suitable for projects with highly energy efficient measures, since the savings in energy costs 

have to pay for the investment of the  installation and the ESCO as well.  

 

Energy agencies advise municipalities on the way of financing that is suitable for a street 

lighting project. They develop a financial model, which is part of the analysis preparing the 

project (see above) and do the tendering of the ESCO-project, which ensures a successful 

realization.  
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4. Literature and Websites 

The following literature and websites have been used to set up this written materials. Here you 

can find further information, project results and case studies. Please note that websites may be 

closed after a certain period.  

IDA International Dark-Sky- Organization, www.darksky.org 

Aachen city of Aachen, www.aachen.de 

Erlangen city of Erlangen, www.erlangen.de 

Gesig Gesig parking meters, www.gesig.at 

Graz city of Graz, www.graz.at 

EGG Energie Graz Gmbh, untility, www.energie-graz.at 

Energie cites Association of European municipalities, www.energie-cites.org 

Zürich city of Zürich, www.zuerich.ch 

Ecolights solar lighting systems, www.ecolights.at 

WAPA Western Area Power Administration; www.energyexperts.org 

Optimon Optimizing and monitoring of street lights in styrian municipalities, 

www.lea.at 

 

 

 

  

 

http://www.darksky.org/
http://www.aachen.de/
http://www.erlangen.de/
http://www.gesig.at/
http://www.graz.at/
http://www.energie-graz.at/
http://www.energie-cites.org/
http://www.zuerich.ch/
http://www.ecolights.at/
http://www.energyexperts.org/
http://www.lea.at/
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5. Glossary 

 

 

Luminaire: complete lighting system including a lamp or lamps and a fixture 

Lamp: component of a luminaire that produces the actual light 

Fixture: assembly that houses the lamp and can include all or some of the 

following parts: a housing, a mounting bracket or pole socket, a lamp 

holder, a ballast, a reflector or mirror, or a refractor or lense 

Ballast: device needed to operate the lamp 

Glare: light emitting from a luminaire with an intensity great enough to 

reduce a viewer's ability to see and in extreme cases causing 

momentary blindness 

Beam light quantity outputted from a light source, expressed by lumen [lm] 

Luminosity surface brightness from an illuminated object, expressed by lux [lx = 

lm/m²] 

Luminous intensity amount of beam per unit solid angle, expressed by candela [cd] 

Brightness luminous intensity per unit area, expressed by [cd/m²] 
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