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1. MESSAGE FROM THE PRESIDENTS 
 
This joint report undertaken by the Union of the Electricity Industry - EURELECTRIC and 
the International Union for Electricity Applications (UIE), aims primarily at raising 
awareness, on a scientific basis but through language accessible to non-experts, on the 
significant benefits of electric technologies and their energy savings potential. 
 
The enlarged European Union faces enormous challenges in the energy and environmental 
fields. According to the latest figures published by the European Commission (“European 
Energy and Transport: Trends to 2030”), between 2000 and 2030, final energy demand is 
likely to increase by 29%; electricity demand will increase by 59.5%; CO2 emissions are 
forecast to increase by 13.7%; and import dependency will reach 67.5%. The report, which is 
divided into six main areas, i.e. lighting, motors and drives, transport, domestic applications, 
heat pumps and industry, confirms that electric technologies are an important factor for 
tackling these issues, pointing out the significant savings that it is possible to realise in 
existing electrical applications, achieving the same level of comfort, or industrial efficiency, 
with less electricity.  
 
Also in case of electric technologies with no direct substitution, the report indicates 
remarkable improvements in efficiency over the past years and a strong potential for the years 
to come. The report shows the potential of electric technologies to replace less efficient 
technologies, directly fuelled by oil or gas, and to achieve improved productivity, better 
quality, less impact on the environment and consequently positive effects on health. Increased 
use of these electric technologies goes hand in hand with decreasing overall energy 
consumption. 
 
To increase market penetration of electric technologies, authorities need to create stable, 
simple and transparent market-based regulatory models. The EU institutions should examine 
where there are inconsistencies and overlaps between EU standards, policies and measures on 
energy efficiency. These efforts should be coupled with appropriate R&D funds, encouraging 
genuine co-operation between universities, research laboratories, manufacturers and the 
electricity industry. We consider these as fundamental elements for the take-off of existing 
and future electric technologies. This approach will favour European companies and their 
products in the global marketplace, as well as contributing to the EU’s Lisbon objectives via 
increased high value employment, and to its Kyoto and Johannesburg commitments. 
 
We would like to thank all the experts involved for their enthusiasm and valuable insights. 
We hope you find the conclusions useful in your future deliberations. 
 

 

 

 

 

 

 Ronnie Belmans  Hans Haider  
 President  

UIE 
 President  

EURELECTRIC 
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2. SUMMARY FOR POLICYMAKERS 
 
LIGHTING 
 
Lighting represents a significant energy consumption and there is potential for improvement.  
 

 Energy consumption by lighting systems is significant: it ranges from 5% to 15% of 
total electricity use in industrialised countries, while in developing countries the 
proportion ranges as high as 86%. 

 Major energy savings can be achieved: between 30 and 50% of electricity used for 
lighting could be saved by investing in energy-efficient lighting systems. In most 
cases, such investments are not only profitable but they also maintain or improve 
lighting quality and reduce maintenance costs. 

 The majority, around 70%, of light bulbs per house across the EU are incandescent, 
the remainder being fluorescent or halogen. 

 Compact fluorescent light bulbs (CFLs) are on average 80% more efficient than 
incandescent lamps, their lifetime can reach 8 to 12 times the lifetime of incandescent 
lamps, but they are 5 times more expensive. In addition, CFLs offer possibilities for 
recycling, while incandescent lamps do not. 

 Ballasts are devices that are connected to discharge lamps to stabilize the current. 
Replacing electromagnetic ballasts with electronic ballasts lead to energy savings of 5 
to 45 %.  

 Future innovations will consist in improving CFLs (e.g. reduction of voltage 
distortion, improvement of colour rendering, faster start-up, etc) and reconcile the 
lamp market with the luminaire market. However, lamps of variable quality are 
available on the market and it essential to be able to distinguish between them and 
inform consumers on their quality.  

 Light Emitting Diodes (LEDs) are small semiconductor components that emit light 
when they are connected to a voltage. It is expected that within a few years LEDs will 
be widely used in lighting systems, thus competing with more traditional technologies. 

 
 
MOTORS AND DRIVES 
 
Electric motors and drives account for about half the EU’s electricity consumption. A small 
efficiency improvement shows a remarkable gain.  
 

 Electric motors are rotating machines that convert electrical energy into mechanical 
energy. Electric drives are systems consisting of an electric motor, power electronics 
and a control unit. They are used to provide controlled motion to machines (e.g. 
washing machines, trains). 

 Although electric motors are highly efficient, typically around 90% for larger ones, a 
small efficiency improvement, such as 2%, can lead to significant energy savings. 

 Using exclusively high-efficiency motors could lead to 1% savings in overall 
electricity consumption. Using variable-speed drives for controlling the speed of 
pumps, fans, blowers and compressors could lead to 5.5% savings in overall electricity 
consumption.  

 For high-efficiency motors, payback time on investments is usually less than 3 years; 
for variable speed drives, payback time on investments is usually less than 1 year. 
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 As opposed to combustion engines, electric motors do not produce exhaust fumes and 
there is no need for storage and handling of inflammable and polluting fuels. 

 
 
TRANSPORT 
 
Electric technologies applied in transport demonstrate that they are more efficient than other 
sources of energy.  
 

 Freight trains are a reliable and energy efficient alternative to road transport. They are 
safe, large amounts of cargo can be moved, no time is lost in traffic jams and the rail 
network enables environmentally-friendly transport of goods. Freight trains are pulled 
by electric or diesel locomotives. 

 To compare energy efficiencies of different modes of transportation the indicator 
“energy intensity” is used. Energy intensity of transport is the energy (in kilojoules) 
needed to transport 1 tonne of cargo over 1 kilometre. Energy intensity of freight 
trains is less than half that of trucks. The efficiency of a diesel locomotive in 
converting fuel to traction power is far lower than that of electric motors, so 
replacement of diesel by electricity will achieve a significant decrease in final energy 
intensity. 

 Heavy rail transport, comprising long-distance, high-speed passenger rail transport, is 
40% less energy intensive, i.e. energy needed to transport one passenger over 1 km, 
than cars. Air travel is six times more energy-intensive than rail travel. 

 Light rail transport, comprising trams, trolley and underground systems is more 
energy-efficient and less costly than cars. Increasing their use means less pollution and 
fewer traffic jams in city centres.  

 Electric road vehicles come in three different types: pure battery-driven electric 
vehicles, hybrid vehicles and fuel cell vehicles. Electric cars consume on average 50% 
less primary energy than internal combustion vehicles. Electric cars do not create any 
noise and produce, at most, when in operation, half the CO2 of other motorised 
vehicles.  

 
 
DOMESTIC APPLICATIONS 
 
Domestic applications are important to our quality of life. A remarkable improvement in 
energy efficiency has been achieved in recent years. 
 

• Electric domestic appliances represent about one quarter of total electricity 
consumption. 

• Energy consumption by most installed domestic appliances in the EU decreased 
between 1995 and 2000: refrigerators and freezers by 13%; dishwashers by 14%; 
tumble driers by 20%; and washing machines by 37% between 1982 and 1998.  

• Technological progress and regulatory instruments, such as labels and minimum 
standards, are important to achieve more energy savings. 

• In 2000, some 250 TWh of electrical energy was consumed by all six appliances 
included in this chapter. This is around 30 TWh less than 1990 consumption. 
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HEAT PUMPS 
 
Heat pumps are a key electric technology with great potential for energy savings.  
 

 Heat pumps can be used for heating and cooling buildings as well as in many 
industrial processes. Heat flows from a higher to a lower temperature. Heat pumps, 
however, are able to force the heat flow in the other direction, using a relatively small 
amount of energy (e.g. electricity).  

 Heat pumps offer the most energy efficient way of providing heating and cooling in 
many applications, as they can use renewable heat sources in our surroundings, e.g. 
soil temperature. 

 The energy extracted from the environment by heat pumps should be recognised as a 
renewable energy source. 

 If the fuel used by conventional boilers were to be redirected to supply power for 
electric heat pumps, about 35-50% less fuel would be used, resulting in a reduction of 
35-50% in emissions. About a 50% saving is made when electric heat pumps are 
driven by combined heat and power systems for industrial applications, therefore, heat 
pumps dramatically reduce demand for fossil fuels. 

 Detailed studies have shown that electric heat pumps could reduce CO2 emissions and 
pollutants associated with space heating in Europe by between 30 to 50% depending 
on the conditions of use. 

 The potential for CO2 emissions reductions via residential, commercial and industrial 
heat pumps is about 6% of global emissions. This is one of the largest savings that a 
single technology can offer. 

 
 
INDUSTRY 
 
Industrial applications such as electroheat technologies and mechanical vapour recompression 
lead to energy savings and product quality improvements versus other processes.  
 
Electroheat technologies 
 

 Electroheat technologies comprise high-power heating processes which are powered 
through electrical energy. Electroheat technologies cover a large percentage of 
industrial electricity consumption, ranging from 20 to 40% within the EU. 

 Electroheat technologies are used for producing or processing many different 
materials, ranging from metals to ceramics, from natural fibres to polymers, with 
foodstuffs forming a very important area of application. Examples include metals 
melting, drying textiles and microwave heating. 

 Due to the possibility of precise control of electroheat installations there is less 
material wasted, and the electroheat process results in better product quality. 

 In general, electroheat technologies lead to energy savings, reduced costs, reduced 
CO2 emissions, product quality improvements and production of new materials, e.g. 
thixoforming of aluminum. 

 In many cases, electric-heating applications are more energy-efficient than their 
alternatives, especially at high temperatures, where gas furnaces are less efficient. 
Optimal efficiency of an electric furnace can reach up to 95% process efficiency, 
whilst the equivalent for a gas furnace is only 40 to 80%. 
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 In contrast to competing technologies, electroheat applications do not emit NOx, SOx, 
CO2 at the location of use, particulate matter or hazardous salts and metals.  

 In the long term, electroheat processes will play an important role in supporting the 
development of new technologies such as nanoelectronics and optoelectronics. 

 
 
Other industrial applications 
 

 Electrodeposition is a technique used for applying metallic coating, the main 
applications being waste water treatment, metal and chemical industries. Electrolysis 
is a technique based on the chemical reaction produced on substances by passing an 
electric current between electrodes. Separation of a liquid into separate phases can be 
performed via a membrane using pressure differentials. Environmental benefits are 
achieved by avoiding the use of traditional additional chemicals. 

 Refrigeration is a thermodynamic principle, usually using an electric compressor. 
Since 2001, the use of refrigerating fluid-linking condensor and evaporator is 
regulated and more environmental friendly fluids, such as ammonia, with no impact 
on the ozone layer, are in use. In the food, plastics, chemicals and agriculture sectors, 
many techniques have been developed for recovering exhaust heat. Use of a 
compression machine is more energy-efficient than the alternative, mostly gas-fuelled, 
absorption techniques. 

 Mechanical vapour compression (MVC), or recompression, is a concentration process 
whereby vapour from the heated product is recycled and used as heating fluid, leading 
to lower water and energy consumption. Main sectors of application include the food 
industry (e.g. concentration of dairy products), metals, chemicals, textiles and paper. 
An MVC system uses 10 to 40 times less energy than a classical vapour heating 
system. 
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3. LIGHTING 
 
 
3.1  INTRODUCTION 
 
In the centre of Western Europe, the duration of night-time varies between 7 and 16 hours. In 
one year, having 8760 hours, night lasts for a total of about 4200 hours. It's dark for almost 
half of the time. Incompatibility of human activity and the cycle of day and night has lead to 
the development of artificial lighting. In the beginning of the 20th century, artificial lighting 
in factories made working schedules independent of sunlight. In the 1960's, the appearance of 
public-lighting grids in cities prolonged daily urban life and improved safety. As a result, 
artificial lighting is omnipresent today: in our houses, our working places, in industry, along 
roads and motorways and in cities. 
 
Energy consumption by lighting systems is significant: 

• Global electricity consumption by lighting in 1997 (based on data from 178 countries) 
totalled 2016 TWh (terawatt-hour). 

• In the 23 IEA countries1 energy consumption by lighting is estimated at about 950 to 
1070 TWh of electricity out of a total use of 7500 TWh. 

• For industrialized countries, electricity consumption by lighting ranges from 5 % 
(Belgium, Luxembourg) to 15 % (Denmark, The Netherlands) of total electricity use, 
while in developing countries the value ranges as high as 86 % (Tanzania). 

• Consumption by lighting in the services sector ranges from 3 % (Belgium, Italy, 
Luxembourg and Portugal) to 10 % (Hungary) of total electricity use for the IEA 
countries evaluated (with an average of 6 %). 

• In the services sector, electricity consumption by lighting systems ranges from 39 % 
(Germany) to 61 % (Netherlands) of total electricity consumption of the services 
sector for the IEA member countries. 

 
Major energy savings can be achieved: 

• The potential energy savings by influencing the use and the technology of lighting 
were estimated by the IEA at approximately 133 – 212 TWh / year globally. The 
corresponding reduction of CO2 emissions is about 86 to 137 MT / year for IEA 
countries. Lighting in the IEA countries requires the output of several hundreds of 
power stations, but consumption can be reduced by 15-20 % and more (in the service 
sector alone) with existing technology.  

• Even without a highly precise savings estimate, the potential is clearly impressive. The 
upper end of the savings range is greater than the total individual national electricity 
use of countries such as Australia, Austria, Belgium, Denmark, Finland, Greece, 
Hungary, Ireland, Luxembourg, The Netherlands, New Zealand, Norway, Portugal, 
Spain, Sweden, Switzerland or Turkey. 

• A recent study carried out for the European Commission has shown that between 30 % 
and 50 % of electricity used for lighting could be saved investing in energy-efficient 
lighting systems. In most cases, such investments are not only profitable but they also 
maintain or improve lighting quality. 

 

                                                 
1  Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Japan, 

Luxembourg, Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, United Kingdom, USA 
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In the following chapters, two important lighting applications will be described: domestic 
lighting and street lighting. The latest technological progress and the existing potential for 
energy savings will be discussed. 
 
Two other applications are industrial lighting and office lighting. These are not covered in 
separate chapters. Instead, a brief description is given below: 
 
Industrial lighting 
In industrial environments, the energy used for lighting represents on average 5 to 10 % of 
total energy consumption. Technological evolutions in the last decade permit energy savings 
and visible improvements in the quality of lighting. Depending on the application, different 
types of discharge lamps are used. For industrial workshops of medium height (8 meters), 
fluorescent lamps are recommended. If the ceiling is higher, high-intensity discharge 
lamps are opted for. The development of electronic ballasts decreases consumption to a large 
extent, prolongs a lamp's life, makes dimming possible, and diminishes noise and risk of fire. 
Concerning light fittings, unprecedented improvements have been made, which help to 
increase the efficiency of global lighting systems. Adequate lighting in industrial 
environments not only stimulates personnel to be more productive, it also reduces the 
number of accidents.  
 
Office lighting 
Artificial lighting represents on average 37 to 45 % of total electricity consumption in 
buildings. In offices mostly two types of lamps are used: fluorescent lamps and compact 
fluorescent lamps (CFLs). Fluorescent lamps are larger than CFLs. They are used for general 
lighting in offices. CFLs are often installed at reception desks, though for prestige, 
occasionally halogen lamps are used. 
 
Fluorescent lamps and compact fluorescent lamps both need a ballast to be able to ignite. 
There are two types of ballasts: the electromagnetic ballast and the electronic ballast. The 
latter is used more and more every day because of its higher energy efficiency. Not only is the 
electronic ballast itself more efficient, the efficiency of the fluorescent lamp, working with 
electronic ballast, is higher as well. Using a control system with motion detection extra energy 
can also be saved. Other benefits of fluorescent lamps, CFLs and electronic ballasts are listed 
below: 

• Operational and maintenance costs of the lighting installation are low. 
• Lighting systems are environment-friendly: fluorescent lamps can be recycled and 

they have a long life. 
• Low fire risk. 
• Less flickering and less noise when electronic ballasts are used. 

 
For a good understanding of the two following chapters, explanation of some basic terms is 
useful. 
 
Efficiency 
Efficiency of a lamp is the total quantity of light emitted by a lamp (in lumen) divided by the 
power consumption of the lamp (in watt). So the unit of efficiency is lumen per watt or lm / 
W. The more light a lamp emits for certain power consumption, the more efficient this lamp 
is. 
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Light flux 
A quantity used to indicate the total quantity of light emitted by a light source, expressed in 
lumen (lm). 
 
Luminance 
A quantity used to indicate the quantity of light arriving at a point of a surface (e.g. a table or 
a wall) expressed in lux (lx). 
 
Ballast 
An incandescent lamp burns when it is connected to the mains. In the case of discharge lamps, 
it is not that simple. A ballast has to be connected between the lamp and the mains. The 
moment a lamp is switched on, this device briefly produces a high voltage, starting the 
burning of the lamp. There are two types: electromagnetic ballasts and electronic ballasts. 
 
LED 
Light-emitting diodes or LEDs are small semiconductor components that emit light when they 
are connected to a voltage. Semiconductors are materials with particular electric properties. 
They are the foundation of electronics and computers. Since LEDs were developed in the 
1960s, they have been used as indicator lights (e.g. domestic appliances, electronic devices, 
computers) or for optical communication (e.g. remote controls). LEDs are available in a wide 
variety of colours. LED technology is continuously evolving. It is expected that within a few 
years LEDs will be used in lighting systems, and thus competing with the more traditional 
technologies. 
 
Light pollution 
The problem of light pollution has different aspects: 

• Light emitted into the night sky creates a halo above cities and industrial areas, 
principally hindering astronomers. 

• Light from artificial lighting lost in the lower atmosphere can disturb the biorhythm of 
plants and animals. 

• Light entering buildings from outside can illuminate bedrooms, disturbing occupants' 
night's rest. 

• In traffic, lighting can dazzle pedestrians, drivers and cyclists, resulting in dangerous 
situations. 

 
 
References 
 
[1] “Global Lighting Energy Use and Greenhouse Gas Emissions” – Evan Mills – Prepared 

for the International Energy Agency, in collaboration with Borg & Co. Final Draft 
Report – May 23, 2000. 

[2] “The IEA puts extra efforts into lighting to meet the Kyoto targets” – Benoît Lebot and 
Hans Nilsson, Bonn COP 5, Oct-Nov 1999, France 

[3] “Greenlight” – European Communities 1999 – S.P.I. 99.200 
[4] “Dat licht zó!!! Energie-efficiënte verlichting: achtergrondinformatie” – Novem – DV1-

SO2.80 94.06 
[5] “The principle of artificial lighting” – Fördergemeinschaft Gutes Licht – Information on 

Lighting Applications Booklet 1 
[6] CD-Rom “Energie +” – Ministère de la Région wallonne & Architecture et Climat – 

D/2001/5322/07 
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3.2  DOMESTIC LIGHTING 
 
 
3.2.1. Description 
 
Electric lighting in households is one of the oldest domestic, electrical applications. The 
oldest type of electrical lamps is the incandescent lamp, which is still very much in use. The 
operation principle is simple: a tungsten filament is heated, starts to glow and emits light. 
Tungsten is a metal that can withstand very high temperature. The efficiency of the tungsten 
lamp is low: only 5 % of the input energy is emitted in the form of visible light. They have an 
average life of 1000 hours. They are cheap to purchase. 
 
In order to improve efficiency, halogen lamps have been developed. These are incandescent 
lamps with halogen-gas-filling. Halogen lamps are 1.5 to 3 times more efficient than classic 
incandescent lamps and their lifetime is at least twice as long. They exist for high voltage 
(230 V) and low voltage (e.g. 12 V) applications. They are available in two types: linear 
lamps and compact spotlights. There are energy-efficient versions of tungsten halogen lamps 
now available based on infrared technology. E.g. a 30 or 35 watt lamp replaces a 50 watt lamp 
and has a similar light output. Incandescent lamps can be easily dimmed. The light emitted 
by incandescent lamps closely resembles sunlight. Therefore colour rendering is excellent. 
  
Another type of lamps used in houses is the low-pressure mercury lamp or fluorescent 
lamp. The principle of light production is totally different than the tungsten lamp. It is a 
discharge through a gas and can best be described as "bottled lightning". Two designs are 
available: fluorescent tubes (TL) and compact fluorescent lamps (CFL), also called 
economic or energy saving lamps. Of these two, ffluorescent tubes are more efficient, but 
due to their shape, they are unsuitable for some domestic applications.  They can be used in 
kitchens, utility rooms, garages etc. They are particularly useful under wall presses in 
kitchens, to illuminate worktops. The efficiency of compact fluorescent lamps is 4 to 5 times 
higher and their lifetime can reach 8 to 12 times the lifetime of incandescent lamps. However, 
they are more expensive to purchase initially (up to 5 times more expensive). 28 % of the 
input energy of a compact fluorescent lamp (e.g. rated power: 36 W) is emitted in the form of 
visible light (10 W).  
 
In general, the base a CFL includes the electronic control gear required to operate the compact 
fluorescent lamp. This type of CFLs can be used to directly substitute incandescent lamps. 
This type of CFLs cannot be dimmed using a voltage control, except some specific products. 
 
CFLs exist that are equipped with a light sensor by which the operation of the lamp is 
controlled. It will automatically switch on at dusk and off at dawn, making it very suitable for 
security lighting in a suitable enclosure.  Some CFLs have two operating levels (100 % and  
50 %) which can be selected using the standard wall switch. There is now a compact 
fluorescent lamp that gives full light output on switch on, making it suitable for use in 
outdoor, presence detector controlled security lights. 
 
There are dedicated fluorescent fittings available that use compact fluorescent lamps with 
separate control gear. These light fittings are available in recessed and surface mounted 
versions. They can be used in kitchens, bathrooms, hallways etc. They are particularly useful 
when all-night lighting is required. CFLs that require separate ballast are mainly used in 
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professional applications. Compared to incandescent lamps, colour rendering of TLs and 
CFLs is not as good. 
 
The average number of light bulbs is 24 per house across the EU. The majority (about 70%) 
are incandescent, with the remainder being fluorescents and halogens. In Germany and 
Sweden, there are more halogens than CFLs in the stock. In France, in 2000, the average 
number of compact fluorescent lamps per household was 1.06. However, these lamps are 
owned by about 30% of the households. 
 
The market share of CFLs is growing. According to the International Association for Energy-
Efficient Lighting (IAEEL), annual CFL sales have increased nearly tenfold between 1988 
and 2000. 
 

Incandescent lamps Fluorescent lamps 

Classic Halogen Fluorescent tubes Compact Fluorescent 
Lamps 

    

    
 

Figure 3.1: Incandescent and fluorescent lamps 
 
 
3.2.2. Energy efficiency / energy savings 
 
All lamps for domestic use that have a power rating of at least 4 W and a maximum light flux 
of 6500 lm are bounded by European directive 98/11/EC, creating an energy label, in which 
flux and power have to be mentioned. As for other domestic applications, the letter A is 
assigned to the most efficient devices, G to the least efficient. In table 1 typical lamp 
efficiencies are given for all types of lamps. These numbers do not include power 
consumption by a transformer in the case of low-voltage halogen lamps and by a ballast in the 
case of fluorescent lamps. In table 1, efficiencies of different kinds of lamps are shown. 
Incandescent lamps are the least efficient. Compact fluorescent lamps are about 4 to 5 times 
more efficient than incandescent lamps. Fluorescent tubes are about 4 to 10 times more 
efficient than incandescent lamps. 
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Lamp 

efficiency 
[lm/W] 

Label 

Classical 7,5 … 16,5 E - F 
Incandescent lamps 

Halogen 12 … 24 D 

For direct 
substitution 33 … 65 A – B 

Compact fluorescent 
lamps With a separate 

electronic ballast 
50 … 87,5 A 

38 mm diameter 59,5 … 78,5 B 

26 mm diameter 66 … 100 A - B Fluorescent tubes 

16 mm diameter 83 … 104 A 
 

Table 3.1: Lamp efficiencies 
 
 
3.2.3. Other benefits 
 
Financial 

• Considering the long lifetime of CFLs, the energy cost of producing CFLs is lower 
than the energy cost of producing incandescent lamps. 

 
Environmental 

• The amount of mercury needed in a CFL is continuously decreasing, resulting in a 
more ecological lamp. 

• CFL's offer possibilities for recycling, incandescent lamps do not. 
 
The same benefits go for fluorescent tubes.  
 
 
3.2.4. Innovation and technological developments in the field 
 
Principal innovations will consist of improving CFLs: reduction of voltage distortion, 
improvement of colour rendering, faster start-up, insensitivity to the number of lightings, etc. 
Nowadays lamps of various qualities are available. The European Union has issued the CFLs 
quality charter, which is very useful for distinguishing between different lamp qualities. 
 
The main challenge consists of reconciling the lamp market and the luminaire market.  Too 
few luminaires are designed specifically for CFLs. This slows down penetration of the 
residential sector. About one new luminaire is bought by the average household annually, as 
either a replacement or an additional item. This problem has to be solved urgently. The first 
design contests to encourage and promote innovative and decorative designs of energy-
efficient pin-base dedicated lighting fixtures for the residential market have appeared. At the 
same time, the lighting sector will continue to improve efficiency and lifetime of halogen 
lamps and fluorescent tubes.  
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3.2.5. Market players 
 
In the following list some examples are given. This list is not representative of all market 
players. 
 

• Osram      http://www.osram.de 
• Philips      http://www.lighting.philips.com 
• General Electric    http://gelighting.com 
• Sylvania     http://sylvania-lighting.com 
• European Union    http://energyefficiency.jrc.cec.eu.int 
• COST project EU    http://www.efficient-lighting.org 

 
3.2.6. Example 
 
Considering the replacement of a 60 W incandescent lamp with a 13 W compact 
fluorescent lamp, the following savings can be calculated. Supposing this lamp is lit 3 hours 
per day during the year (which is 1095 hours per year), annual energy consumption of the 
incandescent lamp and the compact fluorescent lamp is 65,7 kWh and 14,2 kWh, respectively. 
The replacement results in energy savings of 51.5 kWh per year. Supposing 1 kWh of 
electricity costs about 0,116 €, the corresponding financial savings are 5.98 € per year. At a 
rate of 3 hours per day, the incandescent lamp will have to be replaced every year, entailing 
an annual cost of about 1,50 €. The compact fluorescent lamp will last for 8 to 10 years. It 
costs about 8 €. 
 
In table 3.2, the calculation of savings for a period of 9 years is shown. The result of this 
calculation is that over a period of 9 years about 60 € (59.32 €) are saved by using a compact 
fluorescent lamp instead of an incandescent lamp. 
 

9 years Energy cost  [€] Cost of the lamps  [€] Total cost  
[€] 

60 W incandescent lamp 7,64 x 9 = 68,76 1,50 x 9 = 13,50 82,26 

13 W compact fluorescent 
lamp 1,66 x 9 = 14,94 8 22,94 

Savings    (difference) 5,98 x 9 = 53,82 5,50 59,32 
 

Table 3.2: Calculation of savings 
 
 
3.2.7. References 
 
[1] La revue Lux de l’éclairage – n°211 (janvier – février 2001) – Société d’Editions Lux 
[2] DELight – Energy and Environment Programme – Environmental Change Unit, 

University of Oxford – Written by Jane Palmer & Brenda Boardman, ECU 
[3] Pléiade, Conclusions – Editeur responsable: J. Alexandre, Ministère de la Région 

wallonne – D/1998/5322/65 – 1998 
[4] IAEEL   http://www.iaeel.org/IAEEL/NEWSL/2000/Etttva2000/LiMa_b_1-2_00.html 



Ref. 2004-440-0002  July 2004 21

3.3  STREET LIGHTING 
 
 
3.3.1. Description 
 
Nearly all public-lighting grids in European cities date from the 1960's. At that time, a 
functional approach prevailed, aimed at users' safety. This resulted in a desire to provide 
maximum illumination of all roads, whatever the energy cost. During the 70's, there was little 
innovation, because of the energy crisis, which was unfavourable towards imagination. 
 
Nowadays, street lighting has to meet other requirements, of a more architectural nature: 
establishing a hierarchic order among the spaces of the city at night, creating relations 
between places. This new, still hesitating approach gives rise to more adequate quantities of 
light. Together with technological evolutions of the past ten years, this approach enables 
considerable energy savings. 
 

  a   b 

  c 

Figure 3.2: Some examples of 
modern street lighting. Locations: 

a) Venice (Italy), b) Veurne 
(Belgium), c) Brussels (Belgium). 

 
 
3.3.2. Energy efficiency / energy savings 
 
Sources 
The majority of light sources used in public lighting are HID (High Intensity Discharge) 
lamps. They can be classified according to their colour: 

• Orange light: low pressure sodium lamps, most efficient 
• Yellow or orange light: high pressure sodium lamps 
• White light: high pressure mercury lamps, metal halide lamps, induction lamps and 

ceramic metal halide lamps. The last two categories are the result of recent evolutions. 
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The luminous efficiency is that of the combination of the lamp and the electromagnetic 
ballast. 
 
Figure 3.3 is a graph, showing luminous efficiency as a function of light output of different 
types of lamps for street lighting. Luminous efficiency of a lamp is the amount of light 
emitted (unit: lumen or lm) divided by the electric power (unit: W or watt) consumed by the 
lamp.  
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Figure 3.3: Luminous efficiency of lamps as a function of light output 

 
Studying the graph prompts some conclusions: 

• Within a category, the brightest lamps (high light output) are also the most energy-
efficient. When designing street lighting, a compromise will have to be made between 
height of and distance between light sources, power of the lamps and dimensions of 
the public place to be illuminated. 

• Compared to high pressure mercury lamps, the use of ceramic metal halide lamps 
entails energy savings of 50 to 80 %. 

 
Ballasts 
Ballasts are devices that are connected to discharge lamps to stabilize the current. These days, 
electronic ballasts are used in public lighting, for low and high pressure sodium lamps and for 
metal halide lamps. Compared to electromagnetic ballasts (classic technology), using 
electronic ballasts leads to energy savings of 5 to 45 %. Besides this, using ballasts prolongs 
lifetime of high pressure sodium lamps and metal halide lamps by about 30 %. 
 
Luminaires 
Choosing the most efficient light source is not sufficient. One should always consider the 
efficiency of the combination of lamp and luminaire, which strongly depends on the size of 
the lamp. Total efficiency is the product of lamp efficiency and luminaire efficiency. Some 
figures are given in table 1. When it is acceptable to use orange light (e.g. along motorways), 
tubular high-pressure sodium lamps are the best choice, because their efficiency is situated 
between 32 and 68 lm / W, which is higher than the efficiencies of the other lamps. High-
pressure mercury lamps have the lowest efficiency. 
 
Unless a reflector is provided, light emitted at the back of a lamp is lost: it is absorbed by the 
luminaire or it is lost in the sky. A reflector placed behind the lamp redirects the light to the 
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front, so no light is lost. Using luminaires with a reflector reduces the necessary installed 
power by an additional 34 %. 
 
Dimming and remote control 
The use of electronic ballasts makes it possible to dim lamps of street-lighting systems more 
accurately than before. This enables adaptation to changing circumstances (e.g. weather, 
traffic), resulting in energy savings. Current systems allow for great flexibility, with remote 
control of every light source and feedback of information concerning the state of lamps and 
ballasts. 
 
 Luminous Efficiency lamp 

– 
electromagnetic ballast  

[lm/W] 

Average 
Luminaire 

Efficiency [%] 

Total 
Efficiency 

[lm/W] 

Low pressure 
sodium                    68 – 177                25         17 – 44 

Tubular high 
pressure 
sodium 

                   70 – 150                45         32 – 68 

Elliptical high 
pressure 
sodium 

                   59 – 124                30         18 – 37 

High pressure 
mercury                    34 – 58                30         10 – 17 

Metal halide                    61 – 85                35 – 40         21 – 34 

Ceramic metal 
halide                    70 – 76 

x 

               45 

= 

        32 – 34 

 
Table 3.3: Total efficiency of the combination of a lamp and a luminaire 

 
 
3.3.3. Other benefits 
 
Environmental 

• It is possible to reduce light pollution. This will benefit residents, astronomers, fauna 
and flora. 

 
Financial 

• Cost reduction and simplification of maintenance of street-lighting systems. 
 
Safety 

• Improvement of driver safety and decrease of crime. 
 
Aesthetic 

• Improvement of urban scenery thanks to the wide range of lamp colours and better 
colour rendering. 
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3.3.4. Innovation and technological developments in the field 
 
An important development is the use of LEDs (Light-Emitting Diodes) in lighting. A 
considerable market potential exists in the field of traffic control signals. The first pilot 
projects have been completed and a large number of traffic lights have been equipped with 
LED’s. Another example is the integration of LEDs in the road surface, to indicate to drivers 
the correct trajectory in unexpected bends. Strictly speaking this is not street lighting, because 
it does not improve visibility. However, LED's offer important potential energy savings in 
optical guidance applications. 
 
In years to come, efficiency of LEDs will increase, for all types of the high intensity 
discharge lamps dimming will become possible and the diversity of lamp colours will 
increase. 
 
3.3.5. Market players 
 
In the following list some examples are given. This list is not representative of all market 
players. 

 
• Schreder      http://www.schreder.com  
• Thorn       http://www.thornlighting.com 
• Hess       http://www.hess-form-licht.de 
• Philips       http://www.lighting.philips.com 

3.3.6. Example 
 
Applying LED’s in traffic lights: per light, power consumption is reduced from 60 W to 5 – 
15 W. Maintenance is needed only every 50.000 hours (more than 5.5 years) instead of every 
8.000 hours. 
 
A pilot project was carried out, concerning the dimming of 57 high-pressure sodium lamps in 
the marketplace of Zele (a Belgian town). The cost of each light source is situated between 
235 and 300 €: 35 to 50 € for the lamp and 200 to 250 € for the dimmer. Multiplying these 
figures by 57 yields the total cost: between 13400 and 17100 €. 
 
The following estimate was made. Total annual savings add up to a figure between 570 and 
1140 € (10 to 20 € per lighting point), consisting of energy savings and maintenance 
optimization. Since this is a pilot project, pay-back time of the investment is long; close to 20 
years. Once the demand for this technology increases, the price will drop. This is expected to 
happen in about 5 to 10 years from now. 
 
 
3.3.7. References 
 
[1] R. Narboni. La lumière urbaine. Eclairer les espaces publics. Le Moniteur, Paris, 1995. 

ISBN 2-281-19088-9 
[2] Philips Lighting Outdoor Lighting – Catalogue 2002-2003 
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4.  ELECTRIC MOTORS AND DRIVES 
 
 
4.1.  Description 
 
Electric motors are rotating machines that convert electrical energy into mechanical energy. 
Electric drives are systems consisting of an electric motor, power electronics and a control 
unit. They are used to provide controlled motion of machines. Servodrives are a special type 
of drive, used for high-precision positioning of machines and tools. In the left picture of figure 
1 the interior of an electric motor is shown. On the right, an electric motor equipped with a 
power-electronic module is shown. 
 
Electric motors and drives account for more than half of the European Union’s total electricity 
use [1]. Although this form of energy conversion has a high efficiency (e.g. 90 %), a small 
efficiency improvement (e.g. 2 %) can lead to significant energy savings. Improvement can be 
achieved in two ways: 
 

• Compared to traditional motors, using exclusively high-efficiency motors (which 
have a better design) could lead to 1 % savings in the overall electricity consumption. 

• The choice of a variable speed drive for pumps, fans, blowers and compressors 
instead of controlling speed by using mechanical brakes, could lead to 5.5 % savings 
in the overall electricity consumption. 

 
According to the International Energy Agency, total consumption of electricity in the 
European Union in the year 2002 was 2517.5 TWh. Because about 400 g of CO2 are emitted 
per kWh of electricity produced in the EU [2], the annual amount of CO2 emitted in the EU 
due to the production of electricity is about 1 billion tons. Savings of 6.5 % (1 + 5.5) in 
electricity consumption would entail a reduction in emissions of 65 million tons. 
 
 

                   
 

 
Figure 4.1: Interior of an electric motor (left), a power-electronic module  

mounted on an electric motor (right). 
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Table 4.1: examples of electric motors in different power classes 

 
Power Class 

[kW] 
Application 

      under 0,75 fans, pumps for use in gardens and cellars, power tools 

      0,75 -  7,5 compressors, vacuum cleaners, washing machines, 
escalators 

      7,5  -  37 servomotors, pumps for water treatment and chemical 
industry, lifts 

      37   -  75 compressors, cranes, hoists, lifts 

      over 75 rail vehicles, trains, pumps for circulation of water in 
power plants 

 
The initial cost of high efficiency motors and variable speed drives is higher than the cost of 
traditional motors (about 30 % [3]), but due to lower energy costs, the investment is 
economically sensible (payback is short: 3 years or less). For a 55 kW motor, annual savings 
can be 23 % of the purchase cost. 
 
 
4.2.  Energy efficiency / energy savings 
 
Overview of electricity consumption 
Motors used in industry are responsible for 30 % of overall electricity consumption. Motors 
used in the services sector consume 10 % [1]. Figure 4.2 shows the distribution of electricity 
consumption by the various types of motor drives within industry and services sector. In the 
services sector, most energy is consumed by compressor and ventilator drives (for heating, 
ventilation and air conditioning in buildings). In industry, consumption by pump drives and 
others is significant. "Others" are motor applications that do not concern pressurizing or 
transporting fluids, e.g. lifts, gates, cranes and conveyor belts.  

 
 

Figure 4.2: Distribution of electricity consumption by motors  
for industry and services sector [1] 
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High-efficiency motors 
Table 4.2 shows the energy consumption per motor class and the average efficiency of 
standard and high-efficiency motors in these four classes. These figures show that high-
powered motors are more efficient and that efficiency improvement by replacing motors is the 
highest for low-powered motors. 

 
Efficiency Power 

range 
[kW] standard motor [%] high-efficiency motor 

[%] 

  0,75  –  7,5 80 86 

  7,5    –  37 86 90 

  37     –  75 90 93 

    over 75 95 96 
 

Table 4.2: Motor classes: energy use and efficiency [1] 
 
Replacing standard motors that are still functional is not economically feasible. However, if 
present motors were to be consistently replaced by high-efficiency motors at the time of 
failure, some 80% of the motors would be replaced by 2020. At an average increase in 
efficiency of more than 2%, this would mean savings of 1% in overall electricity 
consumption [1]. This corresponds to 25 TWh of annual electricity consumption in the EU. 
The annual energy cost of operating a motor depends on how often and how long a motor is 
used. Usually this cost is higher than its purchase price. Therefore the investment decision 
should always take the cost of energy consumption over the life-time of the motor into 
account. The extra investment (about 30 %) in a more expensive, high-efficiency motor 
always makes economic sense. Calculations show payback time of less than 3 years [3].  
 
In the past it was difficult to work out just what is a high-efficiency motor. Different 
manufacturers all claimed to offer energy-efficient motors. To overcome this problem, the 
European Commission and CEMEP (European Committee of Manufacturers of Electrical 
Machines and Power Electronics) agreed on the EU/CEMEP motor-efficiency classification 
scheme. All manufacturers who have signed this agreement are able to display an efficiency 
label on their motors, making it easy to identify the efficiency class. 
 
According to this classification scheme, motors are classified in 3 efficiency bands or classes: 
Eff 1, Eff 2 and Eff 3. Eff 1 is the highest in energy efficiency, Eff 3 is the lowest. The 
efficiency required to belong to a certain efficiency class depends on the power rating of the 
motor. For an 11 kW induction motor to bear the Eff 2 label, its efficiency has to be at least 
88.4 %. To bear the Eff 1 label, efficiency has to be at least 90.6 %. 
 
The Eff 1 label is shown in figure 4.3. The "Eff" rating scheme makes the identification of 
higher-efficiency motors much simpler for potential buyers. 
(sources: [4], [5]) 
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Figure 4.3: Label for motors with highest efficiency 
 
Variable-speed drives 
Pump, fan, blower and compressor drives account for 60% of industrial and 80% of services 
sector electricity consumption in motors. In a variable-speed drive, exactly the right amount 
of energy is delivered to the pump, fan, blower or compressor to obtain the required flow or 
pressure. No energy is wasted, unlike traditional systems using mechanical braking 
mechanisms, where excess energy is converted into useless heat. Energy savings in a pump, 
fan or blower drive are typically 15 to 40 %, and can be as high as 50 %. Compressor drives 
have a smaller, but still very significant, energy savings potential of typically 5 %. In total, 
using variable-speed drives, an energy savings potential of 2 to 5,5 % of overall electricity 
consumption is estimated to be achievable by 2020 [1]. 
 
Given the significant energy (and cost) savings, together with other benefits of variable speed 
drives, such as better control of industrial processes resulting in higher quality products and 
services and lower global cost, they are being introduced on a very significant scale, both in 
new and in retrofitted installations. 
 
 
4.3.  Other benefits 
 
Health 

• For some applications, the combustion engine is an alternative for the electric motor 
(e.g. garden tools, hoists, compressors, rail vehicles). However, as opposed to 
combustion engines, electric motors do not produce exhaust fumes. People operating 
electric machines or standing close to them do not suffer discomforts such as breathing 
difficulties and exposure to noxious gases. 

 
Safety 

• Using electric motors, there is no need for the storage and handling of inflammable 
fuels, thus avoiding a safety risk. 

 
 
4.4.  Innovation and technological developments in the field 
 
Determining motor efficiency 
Efficiency measurements are necessary to demonstrate that high-efficiency electric motors are 
really highly efficient. Determining the efficiency of an electric motor involves measuring 
input and output power.  In the past the accuracy of these measurements was poor. However, 
thanks to modern technology and the ongoing efforts of international standardization 
institutions, this problem has been resolved. 
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Variable-speed drives 
Variable-speed drives for small electric motors have become a mature technology over the 
last 10 years. New developments are the constantly increasing power ratings; up to a few 
megawatts. This means the market share of variable-speed drives will continue to grow, in all 
power classes. They are already applied in trains. 
 
 
4.5.  Market players 
 
In the following list some examples are given. This list is not representative of all market 
players in the area concerned. 
 

• Motor Challenge Programme (EU):        
   http://energyefficiency.jrc.cec.eu.int/Motorchallenge/index.htm 

• ABB   http://www.abb.com 
• Siemens  http://www.siemens.com 
• Baldor   http://www.baldor.com 
• Franklin Electric http://www.franklin-electric.com 
• CEMEP: European Committee of Manufacturers of Electrical Machines and Power 

Electronics  http://www.cemep.org 
 
 
4.6.  Example 
 
In a limestone quarry in Devon (UK), a variable-speed drive was installed on a pump to 
improve flow control and reduce energy costs [6]. Previously, flow control was done using a 
mechanical braking system. This 150 kW pump consumed 124 kW on average. This 
corresponds to an annual production of 1090 MWh. On the assumption that average 
electricity price for an industrial company is about 50 euro per MWh [7], the annual energy 
cost for operating this motor is 54500 euro. With the variable speed drive installed, average 
power demand was reduced to 59 kW, corresponding to an annual energy consumption of 517 
MWh and an annual cost of 25850 euro. The annual savings obtained here by installing a 
variable-speed drive are 28650 euro. 
 
At Delta Extrusion (a metallurgic company in West Bromwich, UK) five motors were 
replaced with high-efficiency motors [8]. The additional investment cost of installing high-
efficiency motors instead of standard motors was 950 euro.  The running costs of the new 
high-efficiency motors were compared with those of equivalent new standard motors. 
Electrical energy savings are converted into financial savings by applying an average 
electricity cost of 0.05 euro / kWh. 
 
Paybacks on the differential cost between standard and higher efficiency motors ranged from 
9 months to 3.4 years. Across the group of five motors energy savings are 11.66 MWh / year 
(42 GJ / year), worth 580 euro / year. Payback was 1.64 years. 
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5. TRANSPORT 
 
 
5.1  INTRODUCTION 
 
In this section four different electric transportation technologies are described: three types of 
rail transport, followed by a chapter on electric road vehicles. 
 
The first chapter deals with freight train transport. Freight trains are used to transport all 
kinds of cargo: containers, liquids, bulk goods, parcel goods, dangerous substances. The well-
developed European rail network enables fast transport, not disturbed by traffic-jams. 
Compared to trucks, freight trains offer more energy-efficient transport. Electric locomotives 
also consume less energy than diesel locomotives. 
 
The second chapter treats of heavy rail transport. This is long-distance, high-speed person 
transport by rail with electrical supply. Examples are TGV, ICE, Thalys and Eurostar. 
Compared to travel by car and by air, heavy rail transport is the most energy efficient.  
 
The third chapter is concerned with light rail transport. This mode of transportation provides 
fast and flexible transport of passengers in urban areas. Possible technologies for light rail 
transport are trams and metrosystems. A third possibility is trolley buses. These are powered 
by means of electricity as well, but they have rubber tires. Compared to cars and motorcycles, 
light rail systems are more energy efficient. The also contribute to relieving urban traffic. 
 
In the fourth chapter electric road vehicles are discussed. Three types of electric vehicles can 
be discerned: pure electric vehicles (also known as battery vehicles), hybrid vehicles and fuel-
cell vehicles. Electric road vehicles are simple to drive, reliable and totally silent. They do not 
produce any emissions. Because of these characteristics, electric vehicles are ideal for city 
traffic. Electric cars consume about half of the primary energy needed by internal combustion 
vehicles. 
 
A recurring topic in each of the four chapters is regenerative braking. Electric vehicles are 
driven by electric motors. When the driver wants to brake (slow down the vehicle), the motor 
is operated as a generator. The mechanical energy present in the moving vehicle (kinetic 
energy) is reduced and converted into electrical energy. This recycled energy can be stored or 
used for something else. In this way, additional improvements of efficiency are possible. 
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5.2  FREIGHT TRAIN TRANSPORT 
 
 
5.2.1. Description 
 
Freight trains are a reliable alternative to road transport. It is safe, large amounts of cargo can 
be moved by one transport, no time is lost in traffic-jams and the well-developed European 
rail network enables environment-friendly, reliable international transport. Various types of 
cargo can be transported: containers, liquids, bulk goods, parcel goods, dangerous a 
substance. By day, the capacity of the rail infrastructure is shared with transport of 
passengers. At night railways are almost exclusively used by freight trains. Freight trains are 
pulled by electric or by diesel locomotives. In figure 5.1 an electric freight locomotive is 
shown. 
 
Combined or intermodal transport is a key element of railway freight transport. Especially 
in non-bulk transport, the door-to-door service by rail is extremely difficult. Combined 
transport is defined as transport using at least two transport techniques for a specific journey. 
The load can be a container, or any other unit up to a full truck. For railways, the link with sea 
shipping on the one hand, and road transport on the other, is key. Especially for long 
distances, the combination of two transport modes becomes very interesting and both cost and 
speed effective. It offers a lot of potential for avoiding road congestion due to freight 
transport.  
 
A lot of rail freight transport is a kind of intermodal transport as train freight from begin to the 
end of the journey is almost not done in practice. A special kind of intermodal transport is the 
so-called “rolling highway”. An example is shown in figure 5.2. Here complete trucks are 
loaded on the train and the truck-driver travels along with the same train. This technique is 
very common for crossing the Alps. To reduce costs, shuttle trains are used. Such trains 
operate in a fixed composition between two well-defined terminals. 
 

  
Figure 5.1: Electric Freight Locomotive 

Class 185 - Germany (Bombardier) 
Figure 5.2: Rolling highway, Graz 

 
 
In order to improve the service of the European railway system, the EU introduced the 
freeway concept in 1996. This concept opened the international railway network for new 
railway operators. It brings into practice the EU-directive 91/440 from 1991 introducing 
liberalisation of the European railways. This imposes the need for unbundling the activities 
associated with infrastructure, traffic management and capacity allocation on the one hand, 
and the commercial exploitation of rail services on the other hand. 
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5.2.2. Energy efficiency / energy savings 
 
In order to compare energy efficiencies of different modes of transportation, researchers have 
calculated the energy intensity of these modes. Energy intensity of transport is the energy 
(unit: kilojoules) needed to transport 1 tonne of cargo over 1 kilometre. 
 
The first survey mentioned here [6], is focused on truck, rail and ship freight transport in the 
European Union. Calculations were made for the period 1990 - 1999. The figures for 1999 
are:  
 
  Energy intensity of trucks:   2760 kJ / tonne km 
  Energy intensity of rail:   1300 kJ / tonne km 
  Energy intensity of inland shipping:  880 kJ / tonne km 
 
Energy intensity of rail is less than half of intensity of trucks. Energy intensity of inland 
shipping is lowest. 
The efficiency of a diesel locomotive in converting fuel to traction power is far less than that 
of electric motors, so replacement of diesel by electricity causes a significant decrease in final 
energy intensity. A comparison of electric trains and diesel trains in Finland was made for the 
year 2001 by the Technical Research Centre of Finland (VTT) [7]: 
 
  Average energy intensity of electric trains: 230 kJ / tonne km 
  Average energy intensity of diesel trains: 460 kJ / tonne km 
    
  Average CO2 emission from electric trains: 9.3 g / tonne/ km 
  Average CO2 emission from diesel trains: 35 g / tonne/ km 
 
These figures show that, in Finland, energy intensity of electric trains is half of the intensity 
of diesel trains. CO2 emissions from electric trains are less than a third of emissions by diesel 
trains. 
In another survey [8], energy intensities of truck and rail freight transport are compared, 
taking into account the nature of the cargo. Calculations were made for the year 1998: 
 
  Energy intensity of trucks:   1828 - 2439   kJ / tonne km 
  Energy intensity of rail:   192 - 890   kJ / tonne km 
 
The result for rail intensity includes both diesel and electric locomotives. For both 
transportation modes an intensity interval is given, because energy intensity of a transport 
mode depends on the transported commodity. In general, the shipment of finished products is 
more energy-intensive than the shipment of raw materials. It is clear that rail transport has the 
lowest energy intensity.  
 
Examination of the data shows rail freight requires two to five times less energy on average 
than truck freight, and probably only half the energy of freight sent by the largest trucks. 
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When electric locomotives are used, energy savings can be obtained by regenerative 
braking, leading to bidirectional power flow. Electric motors are, in principle, reversible 
devices: they can work as generators as well. This means the kinetic energy, which is the 
mechanical energy present in a moving train, can be recuperated while braking during a 
downhill ride or while slowing down. The kinetic energy is transformed into electric energy, 
which can be returned to the catenaries to be used by other consumers (e.g. other vehicles) 
within the same or another supply system. The benefits of re-using braking energy are clear: 
lower direct energy costs and lower peak powers requiring smaller installations, resulting in 
lower investment costs. 
 
 
5.2.3. Other benefits 
 
Environmental benefits 

• A decrease in air pollution is obtained: along railways no combustion gases are 
produced. Fuels are converted into electric energy in power plants, using a well-
controlled combustion process, resulting in minimal emissions. 

• Existing rail infrastructure is used in an optimal way.  
 
Economic 

• Large quantities can be moved by one transport. 
• Less time is wasted in traffic congestions.  

 
Social benefits 

• A decrease in the number of trucks on the road results in safer traffic and less traffic 
congestion. 

 
 
5.2.4. Innovation and technological developments in the field 
 
In locomotives with aged electric drives, speed control is based on voltage control, which 
isn’t very fast or efficient. Thanks to modern power electronics, the induction motor is now 
the standard driving force. Induction motors require almost no maintenance. Their speed of 
rotation is determined by the frequency of the supply voltage. Using a power electronic device 
that produces a voltage with adjustable frequency, speed control is simple and efficient. This 
is called “frequency control”. It allows for train operation independent of the type of the 
supply voltage: locomotives can be used all through Europe, eliminating the time lost with 
changing locomotives at border crossings. Furthermore, this has lead to a high degree of 
standardisation in drive designs, reducing the cost of rolling stock. Introduction of this new 
type of drives results in higher power density and increased efficiency. 
 
A clear tendency is present towards the use of a uniform supply system: 25 kilovolts (kV), at 
a frequency of 50 hertz (Hz). All new major infrastructure and electrification works have 
chosen for this supply system, except for Germany and Austria. 
 
Another problem caused by non-compatible technical standards is the existence of different 
gauge widths. The regular gauge width in Europe is 1435 mm. Only Spain, Portugal and 
Finland use the wider 1688 mm gauge width. To enable rail traffic between France and Spain, 
trains having gauge-changing axles are used. These suite both standard gauge and wide gauge 
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tracks. With the development of the high speed network in Spain, new lines are constructed 
with standard gauge width. 
 
 
5.2.5. Market players 
 
In the following list some market players are given. This list is not representative of all market 
players in the area concerned. 
 

• UIRR (International Union of combined Road-Rail transport companies)  
       http://www.uirr.com 

• ICF (Intercontainer-Interfrigo)   http://www.icfonline.com 
• Railion       http://www.railion.nl 

 
Manufacturers: 

• Bombardier      http://www.bombardier.com 
• Alstom       http://www.alstom.com 
• Siemens      http://www.siemens.com 
• Talgo       http://www.talgo.com 

 
Research: 

• INRO-TNO (Instituut voor Verkeer en Vervoer, Logistiek en Ruimtelijke 
Ontwikkeling):      http://www.inro.tno.nl 

 
 
5.2.6. Example 
 
In two related studies [9] [10], a detailed comparison was made between primary energy 
consumption and CO2 emissions of pure road transport on the one hand and combined 
road/rail transport on the other. Total energy consumption was taken into account: production 
and consumption of diesel fuel and production of electricity. 
 
In the most recent study (2003) 18 routes of combined transport were selected, between cities 
scattered over Europe. A fully loaded 40-tonne lorry consumes on average 39.2 litres of diesel 
fuel per 100 km. Energy consumption by combined transport can be expressed in an 
equivalent amount of diesel fuel. For the 18 routes studied, the primary energy consumption 
of combined transport was: 
 

• in 1 case up to 7 % higher    39.2 - 45.1 litres / 100 km 
• in 7 cases up to 20 % lower    31,4 - 39,2 
• in 8 cases 20 to 40 % lower    23,5 - 31,4 
• in 2 cases more than 40 % lower   less than 32,5 than that of pure 

       road transport. 
 
Average reduction of energy consumption is about 29 % compared to pure road transport.  
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A fully loaded 40-tonne lorry emits on average 33 g of CO2 per tonne km [7]. 
CO2 emissions from combined transport were 
 

• in 3 cases up to 30 % lower    23,1 – 33 g / tonne km 
• in 7 cases 30 to 60 % lower    13,2 - 23,1  
• in 6 cases 60 to 80 % lower    6,6 - 6,6  
• in 2 cases more than 80 % lower   less than 6,6 than that of pure 

       road transport. 
 

Average reduction of CO2 emissions is about 55 % compared to pure road transport. 
 
CO2 emissions from trains depend on the energy mix. In countries with a lot of coal-fired 
power plants, emissions are higher than in countries with more gas-fired plants, nuclear plants 
and renewable resources. 
 
For transport of containers from Hamburg to Budapest, it was found that combined transport 
is the most energy efficient if trains carry 15 containers or more. 
 
According to the researchers who conducted the second study [10], doubling the use of 
combined road-rail transport of freight in Europe by 2010 could cut freight transport CO2 
emissions by 40 % or more.  The doubling target was an aspiration in the 2000 EU transport 
white paper. 
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5.3  HEAVY RAIL TRANSPORT 
 
 
5.3.1. Description 
 
Long-distance passenger transport has seen major changes over the last years. Mostly a 
distinction is made between heavy and light rail, although this is not always evident. 
Formerly, light rail was inner city and suburban transport on track, not separated from the 
regular street pattern, although sometimes not mixed with the motor traffic. Heavy rail was 
long distance, high speed and freight. 
 
Over the years, this distinction disappeared. The S-Bahn in Germany is a typical example 
where in some cities this system uses heavy rail equipment, rail tracks and power supply, 
while in other cities relatively low voltages and third rail supply, typical for light railway, are 
used. In this chapter, the discussion will be limited to long-distance, high-speed person 
transport by rail with electrical supply. High-speed trains have a maximum speed of about 
300 km/h. Over the last years, a number of initiatives concerning high-speed railways have 
been started, covering a major part of Europe.  
 
For heavy rail, the supply voltage differs between countries, and even within countries 
different systems exist. Changing a supply system is very difficult, as it requires enormous 
investments. The oldest systems are 1.5 kilovolts (kV) direct current (DC) on the one hand 
and 15 kV, 16 2/3 hertz (Hz) alternating current (AC) on the other hand. At this moment, all 
newly constructed lines are 25 kV, 50 Hz AC. Table 5.1 gives an overview of the situation in 
several countries. All high-speed trains are controlled by power electronics. This allows for 
multi-voltage applications: trains can be operated using different supply systems. 
 

Country Supply voltage 

Belgium 3    kV  
DC 

25 kV  /  50 Hz 

the 
Netherlands 

1.5 kV  
DC 

25 kV  /  50 Hz   
(planned) 

Luxembourg 3    kV  
DC 

25 kV  /  50 Hz 

France 1.5 kV  
DC 

25 kV  /  50 Hz 

Italy 3    kV  
DC 

25 kV  /  50 Hz 

Portugal 3    kV  
DC 

25 kV  /  50 Hz 

Spain 3    kV  
DC 

25 kV  /  50 Hz 

Germany  15 kV  /  16 2/3 Hz 
 

Table 5.1: Voltage supply systems 
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Figure 5.3: Tilting EMU ICE T - 

Germany  (Bombardier) 
Figure 5.4: Thalys (Alstom) 

 
 
National high-speed railway projects (TGV in France and ICE in Germany, see figure 5.3) 
have been very successful. Therefore, transnational initiatives have been started. The best 
known examples in the countries under consideration are: 
• Thalys (Belgium, Germany, France, with extension to Switzerland) (see figure 5.4) 
• Eurostar (Belgium, France, United Kingdom) 
 
New links have been built or are planned between Germany and the Netherlands (ICE based), 
Germany and France, Spain and France and Italy and France. These high-speed links are 
reducing to a large extent the use of classical trains on international connections. Many of 
them have disappeared during recent years. 
 
 
5.3.2. Energy efficiency / energy savings 
 
In order to compare energy efficiencies of different modes of passenger transport, researchers 
have calculated the energy intensity of these modes. Energy intensity of passenger transport 
is the energy needed (unit: kJ or kilojoule) to transport one passenger over 1 km. 
 
The first survey mentioned here [1], is focused on travel by rail, car and air in the European 
Union. Calculations were made for the period 1990 - 1999. The figures for 1999 are listed in 
table 5.2.  

 Energy intensity 
[kJ / passenger 

km] 

rail travel 920 

car travel 1670 

air travel 5860 
 

Table 5.2: Energy intensity in the European Union in 1999 
 
These figures indicate that rail transport has the lowest energy intensity. The same 
conclusion can be drawn from a comparison of rail, car and air travel in Finland that was 
made for the year 2001 by the Technical Research Centre of Finland (VTT) [2]. The figures 
are listed below (table 5.3). Average CO2 emissions are lowest for rail travel. 
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 Energy intensity 

[kJ / passenger 
km] 

Average CO2 
emission 

[g / passenger km] 

rail travel 480 16 

car travel 1300 92 

air travel 2200 163 
 

Table 5.3: Energy intensity and CO2 emission in Finland in 2001 
 
Energy savings can be obtained by regenerative braking. Electric motors are reversible 
devices: they can be used as generators. A moving train (and any other moving object) 
contains kinetic energy. When a vehicle is slowed down by braking, the amount of kinetic 
energy is reduced. In electric trains, the resulting energy difference can be transformed into 
electric energy and be returned to the catenaries. This energy will then be used by another 
train. This mode of operation is called “generator mode”. The benefits of re-using braking 
energy are clear: lower direct energy costs, lower peak powers requiring smaller installations 
and lower investment costs. 
 
 
5.3.3. Other benefits 
 
Environmental 

• A decrease in air pollution is obtained: a part of emissions from cars and aeroplanes is 
prevented. Fuels are converted into electric energy in power plants, using a well-
controlled combustion process, resulting in minimal emissions. 

 
Economic and social 

• High-speed rail transport competes with short-distance air travel, having a positive 
effect on travel costs and service in both industries. 

 
 
5.3.4. Innovation and technological developments in the field 
 
Modern high-speed trains are propelled by induction motors, speed being controlled using 
frequency control. These systems are made possible thanks to state-of-the-art power 
electronics. Maintenance cost of these systems is low and the drive is almost independent of 
the type of the supply voltage. Trains can be operated all through Europe, making 
international high-speed lines possible. Furthermore, the use of frequency controlled 
induction motors has lead to a high degree of standardisation in drive designs, reducing the 
cost of rolling stock. A higher power density and an increased efficiency are results of the 
introduction of this new type of drives. 
 
Railroad tracks are built taking into account geographical aspects of the environment. They 
go around hills and towns, resulting in numerous bends. This is a problem for high-speed 
transport: following bends at high speed gives rise to strong centrifugal forces, causing grave 
discomfort to passengers because of the lateral force. Slowing down before and accelerating 
after a bend takes to much time, negating high-speed rail's greatest benefit and making for 
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longer journeys. A solution is building dedicated tracks, consisting of long, straight sections 
and slight bends. In places where a sharper bend is needed, a tilted track has to be 
constructed, strongly reducing the lateral force on the passengers. Building dedicated tracks is 
very expensive. Therefore, carriages having tilting mechanisms were developed. The 
coaches tilt on the bogies, using pistons controlled by a computer. Equipped with this 
mechanism, high-speed trains can be operated on non-dedicated tracks: in bends, the control 
mechanism adjusts the tilt angle, minimizing passengers' discomfort. In this way, the need for 
dedicated tracks is reduced. 
 
A remarkable development in high-speed passenger transport is the magnetic-levitation 
vehicle Transrapid. This vehicle has an electromagnetic propulsion system (a linear motor) 
making it hover above the track. In this way friction losses are eliminated, except for air 
friction. The Transrapid is the fastest land vehicle for transport. For distances up to 800 km 
its travel time is comparable to that of an aircraft. Its maximum speed is about 500 km/h. 
Commercial activities concerning this system are in an early phase. Construction of a 30 km 
long track in Shanghai (People's Republic of China) has been completed, connecting the city 
centre to the new airport. Several other feasibility studies were started in Germany, the United 
States of America and the Netherlands. 
 
 
5.3.5. Market players 
 
In the following list some market players are given. This list is not representative of all 
market players in the area concerned. 
 

• International Union of Railways   http://www.uic.asso.fr/ 
 
Two types of market players are important: manufacturers of rolling stock and train operators. 
Unbundling is under way, so different operators will be seen on the same tracks. Here we give 
the URL’s of some of the EU railway companies and of the three major manufacturers of 
rolling stock. 
 
Operators: 

• Deutsche Bundesbahn (Germany)   http://www.db.de 
• Societe National des Chemins de Fer (SNCF) (France)http://www.sncf.com 
• Nederlandse Spoorwegen (the Netherlands)  http://www.ns.nl 
• Trenitalia      http://www.fs-on-line.com 
• Eurostar      http://www.eurostar.com 
• Thalys       http://www.thalys.com 

 
Manufacturers 

• Bombardier      http://www.bombardier.com 
• Alstom       http://www.alstom.com 
• Siemens      http://www.siemens.com 
• Transrapid      http://www.transrapid.de 
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5.3.6. Example 
 
Table 5.4 contains figures for energy consumption and CO2 emission for travelling from 
Hamburg to Munich [3]. Three modes of travelling are considered: rail (ICE trains), car and 
air travel. Travel distance between these cities depends on the transport; only aeroplanes can 
travel in a straight line. By car the distance between these cities is about 780 km. For the sake 
of clarity, energy consumption is expressed in an equivalent unit: litres of petrol per 
passenger. 
 

 
Distance 

[km] 

Energy 
(petrol) 

consumption 
[l / 

passenger] 

Energy (petrol) 
consumption per 100 

km 
[l / passenger 100 

km] 

CO2 emission 
[kg / 

passenger] 

CO2 emission 
[g / passenger 

km] 

rail 
travel 813 20 2,5 35,2 43 

car 
travel 778 46 5,9 109,2 140 

air 
travel 600 47 7,8 111,4 186 

 
Table 5.4: Energy intensity and CO2 emission in 

 
These figures indicate that both energy consumption and CO2 emission for rail travel (20 l / 
passenger respectively 35.2 kg / passenger) are lower than for car and air travel. The journey 
by ECI train from Hamburg to Munich takes about 6 hours. The flight from Hamburg to 
Munich takes 1 hour and 15 minutes. However, a lot of time is spent at the airports before and 
after the flight; about 1 to 2 hours. Still, air travel turns out to be faster than rail travel on this 
route. 
 
When shorter distances are considered, rail travel is more favourable. Travelling time of both 
aeroplanes and trains are shorter, but the time spent at airports remains the same. Travelling 
from Brussels to Paris (about 300 km) by Thalys takes 1 hour and 25 minutes. By air it takes 
50 minutes. Taking into account 1 to 2 hours spent at the airport, it is clear rail travel is 
fastest. 
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5.4  LIGHT RAIL TRANSPORT 
 
 
5.4.1. Description 
 
According to the LRTA (Light Rail Transit Association) light rail systems can be recognized 
by a mix of features, including 
 

• Frequent services that rival convenience of cars; 
• Seamless journey interchange from and to feeder services, including train systems; 
• Level boarding with easy access for everyone, including wheel-chair users; 
• Park and ride facilities. 

 
The first element in light railway is trams. An example is shown in figure 5.5. The street 
tramway came to Europe from the USA. Electrification of tramways started just before the 
turn of the nineteenth century. It was a parallel trend in America and Europe. 
 
Post-war trends on modern systems have been to upgrade tracks for higher speeds, and to 
segregate it from other traffic where possible, thus increasing travel speed, and improving 
economics of operation and the attractiveness to passengers. In Germany, and to some extent 
in Belgium, subways for tram lines in the central area were deemed to be necessary: an 
expensive solution which could be financed when times were good, but caused progress to 
slow dramatically when recession arrived. 
 
Apart from trams, underground or metro systems have been developed. These provide 
high-speed transportation in large cities. Very well known examples are the metro systems of 
London (see figure 5.6), Berlin and Paris. 
 

  
Figure 5.5: Tram, Brussels Figure 5.6: London, United Kingdom - 

Central Line (Bombardier) 
 
Due to the developments in power electronics, the driving electric motor is almost 
independent of the supply voltage. Therefore, systems have emerged performing part of their 
journey on heavy rail tracks and part as light railway, increasing the flexibility of light rail 
transport. Additional equipment is installed in these systems, making transitions to heavy-rail 
tracks safe; in the light mode (tram alike) visual control is used, while in the heavy mode, 
automatic signalling is custom. Even more advanced hybrid systems are found: part of the 
journey is diesel engine driven with rubber tires (on road), and part electrically on rail. 
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Some cities use trolley buses for providing pollution-free public transport. These run on 
rubber tires and are equipped with electric motors. Electric energy is supplied via overhead 
conductors. Having a combustion engine as well, they have the capability to continue off-
track journeys. 
 
 
5.4.2. Energy efficiency / energy savings 
 
To illustrate the energy efficiency of light rail transport, a survey [1] is referred to, concerning 
land transportation systems in The Netherlands. In table 5.5 information is given for the year 
2000. For all modes of passenger transport two figures are listed: 
 

• Energy intensity: the amount of energy used for transporting one person over a 
distance of 1 km. 

• Cost: the price a person pays for travelling 1 km. 
 

Energy use is expressed in kilojoules (kJ) per passenger kilometre. Direct energy use (fuel) 
and indirect energy use (associated with vehicle and infrastructure production and 
maintenance) are included in the energy intensity. 
 
Costs of transport are incurred at various levels: user costs associated with fuel or tickets, 
vehicle purchase costs, maintenance costs, season tickets, insurance and taxes. The analysis is 
based on real user costs of using a transport mode. 
 

 
Energy intensity 
[kJ / person km] 

Cost 
[€ / person km] 

petrol 1790 0,167 

diesel 1420 0,108 Car 

LPG 1440 0,113 

Train 980 0,072 

Tram and 
underground 1110 0,086 

Bus 1110 0,086 

Bicycle 40 0,045 

Walking 30 0 
 

Table 5.5: Energy consumption by and cost of passenger transport  
in The Netherlands in the year 2000 

 
These figures show that trams and the underground are more energy efficient than cars. Travel 
by bus is as efficient as tram and underground. Of all motorized modes, trains are the most 
efficient. Walking and riding a bicycle are the most efficient. Conclusions concerning costs 
are similar; travel by car is the most expensive. 
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The modern traction systems are such that regenerative braking can be applied. A moving 
vehicle (and any other moving object) contains kinetic energy. When a vehicle is slowed 
down by braking, the amount of kinetic energy is reduced. Using electric rail vehicles, the 
resulting energy difference can be transformed into electric energy and be returned to the 
supply grid. This energy can then be used by other vehicles within the same supply system. If 
there is no demand for energy at the moment of generation, the returned energy can be stored 
in storage devices, such as batteries or flywheels. In this way important energy savings can be 
obtained and the peak demand, thus the power price, is drastically reduced. 
 
The rated power of modern trams is situated between 300 kW and 600 kW, being higher than 
before due to increased speed on the one hand and an almost invariably installed air-
conditioning system on the other. 
 
 
5.4.3. Other benefits 
 
Environmental benefits 
Less combustion engines are used in urban areas, causing a decrease in emission of noxious 
gases and particles. 
 
Economic benefits 
City centres can be reached easily, facilitating professional, commercial and tourist activities. 
Less time is wasted in traffic congestions. 
 
Social benefits 
People can leave their cars on parking lots outside the city centre and use railway 
transportation. In this way they are more relaxed and less stressed when arriving at their 
destination. Using trams with a flat, low floor, public transportation services are fully 
accessible by everyone. 
 
 
5.4.4. Innovation and technological developments in the field 
 
Traditionally, commutator motors are used. In these motor, current is injected into the rotating 
part of the motor by means of sliding contacts. The characteristics of these motors are very 
well adapted to the requirements of traction. Speed control is simple; it is done by adjusting 
the voltage. Commutator motors can be supplied with direct current or low-frequency 
alternating current (50 Hz). This type of motor requires a lot of maintenance, because sliding 
contacts wear out fast. 
 
The developments in power electronics have changed this picture. The induction motor is 
now the standard driving force. Speed control is obtained using frequency control. 
Maintenance cost is considerably lower, because no sliding contacts are used. Energy cost is 
also lower, since frequency-controlled induction motors are more efficient than commutator 
motors. 
 
In spite of the use of more efficient motors, the new rolling stock is always far more powerful 
than the replaced ones. Many new features for passenger comfort are added, some of them 
requiring considerable power (e.g. air conditioning). 
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For light rail, either catenary supply (overhead conductor) or third rail are possible. Third 
rail is very common where part of the tracks is underground, as the tunnel height 
requirements are less than with catenary supply. 
 
Rolling stock trends are towards larger cars and fewer staff, again improving the economics 
of operation. A possible example of this evolution is the replacement of a three-car set of two-
axle trams with a crew of four (a driver plus three conductors) by two-car sets of bogie trams, 
and then by an articulated car.  
 
Self-service fare systems are implemented so that the remaining staff member (the driver) 
usually does not handle cash or tickets. Such a system eliminates delays at stops, but requires 
a heavy investment in ticket machines and effective inspection plus on-the-spot fines to deter 
those who may be tempted to take a free ride. 
 
The latest trend is to shorten boarding and alighting times by eliminating the steps that 
passengers have to go up and down when boarding the vehicle, discouraging many less-
mobile potential passengers. The easiest way is to have platforms at stops level with the car 
floor. However, achieving this at all stops on an existing system would take years and is very 
expensive. The answer is to lower the floor of the tram so that there can be level boarding 
from a low platform at each stop. Trams have high floors due to the need to install axles and 
motors in the power bogies. Modern technology can now address this problem by eliminating 
axles and fitting small but powerful induction motors in redesigned wheel sets, resulting in 
trams with a completely flat, low floor. 
 
Most systems have a rich history; consisting of traditional tramways that have been upgraded 
to light rail standards to a greater or lesser extent. An increasing trend of the last 10 years is 
the construction of completely new systems, often in cities where trams disappeared as an 
old-fashioned relic many years ago. These state-of-the-art systems provide an inspiration to 
all those looking for an effective means of preventing the motor car from deteriorating their 
city. 
 
 
5.4.5. Market players 
 
In the following list some market players are given. This list is not representative of all 
market players. Two types of market players are important: manufacturers of rolling stock and 
public transport operators. Here we give the URL’s of some of the EU transport companies 
and of the three major manufacturers of rolling stock. 
 
Associations: 

• International Association of Public Transport http://www.uitp.com 
• Light Rail Transit Association   http://www.lrta.org 

 
Operators: 

• De Lijn (Belgium)     http://www.delijn.be 
• TEC (Transport en Commun) (Belgium)  http://www.tec-wl.be 
• London Underground (UK)    http://www.thetube.com 
• Régie Autonome des Transports Parisiens (France)  http://www.ratp.fr 
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Manufacturers: 
• Alstom       http://www.alstom.com 
• Siemens      http://www.siemens.com 
• Bombardier      http://www.bombardier.com 

 
 
5.4.6. Example 
 
The data from [1] can be used to make calculations for travelling a certain distance, e.g. 15 
km. In table 5.6, figures are given for 3 different travel scenarios. For each scenario total 
energy use and travel cost are presented. Energy use is expressed in megajoules (MJ) and in 
an equivalent amount of petrol. 1 litre of petrol is equivalent to an amount of energy of 34.66 
MJ [6]. Energy use is given for transport of 1 person and 60 persons. 60 is a typical number of 
passengers on a tram. It is clear that travel by car consumes most energy. It is the most 
expensive mode of transport. 
 

1 person 60 persons  

Total 
energy use 

[MJ] 

Equivalent 
amount of 

litres of 
petrol 

Total 
energy use 

[MJ] 

Equivalent 
amount of 
litres of 
petrol 

Cost per 
person 
[€ ] 

15 km by car 26,1 0,75 1566 45,2 2,50 

15 km by tram 16,2 0,47 972 28 1,28 

a combination: 
3 km by bicycle, 10 
km by tram and 2 km 
on foot 

11 0,32 660 19 1,00 

 
Table 5.6: Energy use and cost for transport by car, tram and  

a combination of cycling, tram and walking. 
 
An example of an installed flywheel storage system is found in the Hanover city-tram system 
[7], upgraded for the 2000 Expo, where 29 % of the consumed traction energy is energy 
recovered while braking. Each flywheel is capable of storing up to 7.3 kWh of energy. This 
amount of energy is equivalent to about 26 litres of petrol. 
 
Three units are in use. One of these is used alongside an experimental solar energy system 
(power rating: 250 kW). It allows a better matching of the irregular solar energy conversion 
and fluctuating power demand. Energy savings due to this photovoltaic system were about 
2 %. These savings increased to 7 % after the storage system was installed. The economic 
benefit is in the reduced power peak demand, rather than in the energy saved. 
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5.5  ELECTRIC ROAD VEHICLES 
 
 
5.5.1. Description 
 
The electric vehicle (or EV) of today has evolved into a reliable and marketable product. The 
evolution of vehicle technology is ever going forward and the latest developments make 
electric traction technology suitable for virtually any application. In figures 5.7 to 5.10 a few 
examples of electric cars are shown. 
 

  
 

Figure 5.7: Fuel cell powered Opel Zafira 
 

 
Figure 5.8: Citroën Berlingo with Ni-Cd 

batteries 
 

  
 

Figure 5.9: Fiat seicento elettra with Li-ion 
batteries 

 

 
Figure 5.10: Toyota Prius hybrid 

 

 
The concept of electric vehicles covers in fact 3 different aspects:  
 

• Pure electric vehicles, also known as battery vehicles; 
• Hybrid vehicles; 
• Fuel cell vehicles. 

 
Traction batteries with aqueous electrolyte continue to deliver pristine services and are 
continuously optimised for higher capacity, longer life and lower maintenance. Simple to 
drive, reliable, totally silent, without any emissions, EVs are ideal for city traffic. 
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However, new battery types such as high-temperature batteries (e.g. AEG Zebra), Nickel 
Metal-Hydride batteries (e.g. Panasonic, SAFT, Varta), and lithium-based batteries (e.g. 3M, 
Matsushita, SAFT) will be available in the coming years. Due to their extremely high energy 
density, they will offer unprecedented vehicle ranges. 
 
The long-range or multi-mission electrically driven vehicle will become a reality through de 
developments of hybrid drives (e.g. Toyota Prius). Hybrid vehicles combine electric and 
other drive systems, such as internal combustion engines, gas turbines and fuel cells. The 
main advantage of this system is the possibility of regenerative braking: recovering energy 
when braking and storing it in a buffer battery. This energy can be used when accelerating, 
avoiding that the combustion engine runs at high speed, so consuming more. 
 
In some models drivers have the option of running on electricity alone in urban environments, 
reducing emissions to zero. Different solutions exist and, depending on the battery seizes, 
some of these vehicles can be connected to the grid for charging the batteries. 
 
Various combinations of batteries for energy storage with on-board energy generation 
facilities give way to specific solutions for each application, and allow minimising energy 
consumption and emissions. The hybrid technology is now particularly favoured for heavy-
duty vehicles such as city-buses. Moreover, it is a fact that all the major car manufacturers 
now consider the deployment of hybrid drives as the logical way to reduce fuel consumption. 
 
The energetic and environmental advantage of hybrid drives becomes even more important 
when one considers clean on-board electricity generation. The use of fuel cells allows of 
generating electricity without noxious emissions and with an unprecedented efficiency. 
Manufacturers worldwide are preparing the fuel-cell vehicle as one of the premier solutions of 
the future. 
 
 
5.5.2. Energy efficiency / energy savings 
 
In-depth studies show that, all figures being equivalent, taking into account the energy 
efficiency at both production and distribution level, the consumption figures are as follows: 
 

 conventional cars electric vehicles 

 fuel consumption / 100 
km 

electricity 
equivalent 

electricity 
consumption 

car 8,5 l gasoline 909 Wh / km 488 Wh / km 

van 12 l gasoline 1283 Wh / km 600 Wh / km 

small lorry 16 l diesel 1910 Wh / km 1000 Wh / km 
 

Table 5.7: Average consumption of conventional cars and electric vehicles [1] 
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These figures show that electric cars, vans or small lorries, respectively consume 54%, 47% 
and 52% of the primary energy needed by internal combustion vehicles. It is clear that electric 
vehicles are much more energy efficient. This advantage will increase when it will be 
possible to recharge vehicles by connecting them directly to electricity production sources 
with a total output efficiency exceeding 50% (plants with combined gas/steam cycle, fuel 
cells, buffer batteries). 
 
Taking into account an average mileage of 10000 km per year, which is the standard figure 
for vehicles in urban areas, the energy savings obtained by replacing conventional cars by 
electric vehicles are: 
 

 

energy savings 
 

[kWh / year per 
vehicle] 

energy savings 
converted into fuel 

volumes 
[l / year per vehicle] 

car 4210 438 

van 6380 709 

small lorry 9100 846 
 

Table 5.8: Energy and fuel savings due to electric vehicles 
 
When regenerative braking is applied, kinetic energy can be recuperated and sent to the 
batteries. This can lead to an economy of about 10%. 
 
 
5.5.3. Other benefits 
 
Environmental 

• The introduction of EVs leads to a significant decrease of pollutants in the 
atmosphere. Taken into account indirect emissions from energy production, we can 
compare the emission values for each type of car. Figure 5 shows emission values as 
the total sum of operation-related emissions and emissions associated with final 
energy supply for Europe in the year 2000, for conventional cars (petrol, diesel and 
compressed natural gas) and electric cars. Figure 6 shows the CO2 emissions from the 
engine and those associated with final energy supply, for European cities. 
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Figure 5.11: Vehicle emissions in Europe, 

2002 [2] 
Figure 5.12: Energy-related CO2 

emissions [2] 
 

Abbreviations: 
CO  carbon monoxide 
NMHC  non-methane hydrocarbon 
NOx  nitrogen oxides 
SO2  sulphur dioxide 
PM  particulate matter 
CNG  compressed natural gas 

 
EVs pollute less for almost all pollutants. Only for sulphur dioxide, the figure remains 
larger, because of the number of sulphurous coal plants. This is  becoming more 
and more controlled, and the part associated with electric vehicles is actually rather 
marginal compared to other polluters. However, this figure should decrease 
substantially thanks to the improvement in emission control and the use of natural gas 
in the next few years. The global ecological impact is firmly positive.  
 
In figure 5.12 we see EVs produce less than half as much CO2 as the other drive 
variants. Moreover, most of inner city movements are very short. So thermal engines 
remain in general rather cold, which means that emissions are higher and that 
efficiency is low. Catalyst converters only work properly at a sufficiently high 
temperature after some kilometres. 
 
In brief, low pollution by EVs is due to the higher efficiency of electric plants. 
Emissions from EVs are located outside the cities and it is easier to control emissions 
of one electricity plant than to control thousands of vehicles exhaust pipes. 
 
It is clear that EVs have an important role to play in the reduction of CO2 emissions to 
avoid climate change and in the targets that have been defined in the Kyoto Protocol. 
Thermal engines are always rotating, even during a stop. EV motors, on the contrary, 
are stopped each time the vehicle stops. In traffic jams and at traffic lights EVs neither 
emit nor consume anything, except for auxiliaries such as lighting and radio. 
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Economic 
• The use of EVs will contribute to a stronger European independence regarding 

energy supplies, because the market share of diesel and petrol, which are oil products, 
will become smaller.  

 
Social 

• EVs are silent. Regarding the level of noise around big road axis and its implication 
on stress-related illness, it is another good reason in favour of electric vehicles. 

 
 
5.5.4. Innovation and technological developments in the field 
 
All car manufacturers have a very well developed research policy concerning battery, 
hybrid and fuel-cell vehicles. An important number of auxiliary industries are also deeply 
involved. The component industry (e.g. battery and electronics manufactures) have a key 
role to play as well as universities and other R & D institutes. Electricity suppliers are also 
very interested as there is huge potential for their market. 
 
Purely electric vehicles have a very large potential for niche markets such as city delivery 
vans, busses or vehicles designed for a specific task (e.g. airports, warehouses, postal 
services). 
 
Hybrid vehicles appear to be the medium term solution and the logical way to reduce the 
energy consumption of today's conventional cars. 
 
Finally, fuel cell vehicles are expected to be the future, offering greatest benefits over future 
internal combustion engines while offering the same performance. The price and 
infrastructure problems remain big challenges. 
 
 
5.5.5. Market players 
 
In the following list some examples are given. This list is not representative of all market 
players in the area concerned. 
 
Associations 

• AVERE   http://www.avere.org 
• CITELEC   http://www.citelec.org 
• EUCAR    http://www.acea.be/eucarinternet/master_plan.html 

 
Manufacturers (four-wheel vehicles) 

• GEMCAR Global Electric Motorcars http://www.gemcar.com/ 
• Honda     http://www.hondacorporate.com/ 
• Toyota      http://www.toyota.com/ 
• Renault   http://www.renault.fr 
• Opel    http://www.opel.de 
• Fiat    http://www.fiat.it 
• Daimler-Chrysler  http://www.daimlerchrysler.com 
• Peugeot-Citroen  http://www.psa-peugeot-citroen.com 
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Manufacturers (Vans, Trucks and Buses) 

• Citroen    http://www.citroen.com/ 
• Mercedes-Benz  http://www.mercedes-benz.de/ 

 
Battery manufacturers 

• BAE batteries    http://www.bae-berlin.de/ 
• Optima     http://www.optimabatteries.com/ 
• Varta     http://de.varta.com/ 

 
Fuel Cells 

• Ballard Power Systems  http://www.ballard.com/ 
• BEWAG innovation   http://www.innovation-brennstoffzelle.de/e/index.html 
• Electric Fuel    http://www.electric-fuel.com/index.html 

 
 
5.5.6. Example 
 
In 1999 the city of La Rochelle (France) started the Liselec programme. A fleet of 50 self-
service electric cars was installed, parked at strategic locations around the city. Four of these 
cars are shown in figure 5.13. Programme members use a smart card to access the cars and 
return them back quickly and easily. The cars are available round the clock at six recharging 
stations. The cars are as flexible to use as a personal car but have the advantage of members 
being guaranteed to find a parking space at each recharging station because they are shared by 
a number of drivers, which optimises the use of parking areas. Two payment systems can be 
chosen: members can pay fixed, monthly fees, or they can pay the cost of actual consumption 
(duration and mileage). 
 

 
 

Figure 5.13: Cars of the Liselec programme in La Rochelle (France) 
 
The range of the vehicles is 80 km. In a city a driver only covers about 30 km a day. An 
electric car will only need to be recharged every 2 or 3 days. Users recharge for 100 km at a 
cost of € 1.52. This is cheaper than refuelling a conventional car. A car in a city consumes 7 
litres of petrol per 100 km at the least. At a cost of about 1 € per litre, the minimal cost of 
refueling for 100 km is 7 €. 
The Liselec programme has proven highly successful with the inhabitants of La Rochelle, 
who appreciate not only the system's ease of use, low charge, flexibility and reliability but 
also the opportunity to enjoy driving an electric car.  
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6. DOMESTIC APPLICATIONS 
 
 
6.1  INTRODUCTION 
 
Electric domestic appliances are part of our daily life. They improve our quality of life: 
compared to days of old, people have better health because of better hygiene, more comfort 
and more time for other activities. Nowadays, domestic appliances simplify housekeeping and 
save time. 
 
Concerning energy consumption of domestic appliances, great improvements have been 
achieved over recent years. According to ENERDATA [1], energy consumption by most 
installed domestic appliances in the European Union decreased between 1989 and 1999: 
 

• refrigerators: decrease by 21 % in 10 years, 
• washing machines: decrease by 38 % in 10 years, 
• dishwashers: decrease by 30 % in 10 years. 

 
Table 6.1 shows the evolution of energy consumption of 5 types of domestic appliances 
between 1995 and 2000. For every appliance, consumption has decreased. The decrease was 
largest for electric ovens. 
 

 Evolution of energy consumption kWh / year device 

1995 refrigerators freezers dishwashers tumble 
driers ovens 

1995 436 441 274 313 132 

2000 380 378 235 251 123 

Decrease - 13 % - 14 % - 14 % - 20 % - 7 % 
 

Table 6.1: Evolution of energy consumption by 5 domestic appliances [2] 
 
Energy savings can be obtained through rejuvenation of the stock of appliances in use. When 
renewing an appliance, information concerning energy efficiency of the new equipment is 
very important. Of course, efficient equipment has a lower consumption (in all cases) than 
average equipment. A buyer choosing a “Class A refrigerator” is certain to choose one of the 
most energy efficient of the market. 
 
It is not very easy to give an idea of payback. In most cases, efficient equipment is more 
expensive than average equipment, but it is not always true, and comparing prices between 
different classes is not easy. When a buyer chooses a new appliance, a lot of criteria are 
considered, such as cost investment, energy consumption, size, aesthetic considerations and 
energy efficiency. Energy consumption is one of the criteria; it is not the most important one. 
For customers it is not very important to have precise information concerning payback, but it 
is important for him to have good information concerning low or high energy consumption. 
Low energy consumption is one information touchstone among others that can be used to 
make the choice between two models. 
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It is necessary to consider the balance between decrease of energy consumption of unitary 
equipment and increase of global demand for domestic applications. Global demand grows 
because of increase of population, decrease of family size and increase of unit size. 
 
According to a report on energy consumption of domestic appliances in European households 
[2], considering 15 European countries and 7 appliances (refrigerators, freezers, water heaters, 
dishwashers, tumble driers, washing machines and ovens) CECED announces the following 
global energy savings for domestic applications in households: 
 
2000 compared to 1990 
In 2000 about 250 TWh of electrical energy was consumed by all 7 appliances included in the 
calculation. This is about 30 TWh less than consumption in 1990. 
 
Predictions for 2010 compared to 2000 
Three scenarios were considered: 
The "zero-progress scenario" predicts savings of about 20 TWh; 
The "realistic scenario" leads to an additional 15 TWh of savings; 
The "ambitious scenario" leads to another 10 TWh of savings. 
 
This represents about 20 TWh, 35 TWh, or 45 TWh less than in 2000 for the considered three 
different scenarios, respectively. 
 
Concerning efficiency policies, the International Energy Agency states the following [3]: 
"Appliance energy efficiency policy has already proven itself to be a reliable and cost-
effective way to reduce energy consumption and greenhouse gas emissions. Appliance 
policies in IEA member countries over the 1990’s reduced greenhouse gas emissions by 46 
Mt CO2 / year in 2000, avoiding the need for at least 25 gas-fired power stations. Even 
without strengthening, these same policies will go on to reduce emissions by 146 Mt CO2 / 
year by 2010 as more efficient equipment replaces less efficient equipment in the stock. Given 
their proven track record, the risks in strengthening these policies are much smaller than for 
many alternative abatement policies." 
 
In the six chapters of this section, the following appliances are discussed: 
 

• Refrigerators and freezers 
• Dishwashers 
• Washing machines 
• Tumble driers 
• Domestic cooking 
• Domestic hot water 

 
References 
 
[1] ENERDATA s.a. http://www.enerdata.fr/enerdata/indexf.html, CD rom "Odyssée" 
[2] CECED: Report on Energy Consumption of Domestic Appliances in European 

Households 
 This CECED (The European Committee of Manufacturers of Domestic Equipment) 

Report was co-coordinated and edited by Rainer Stamminger with Technical support of 
Rene Kemna and Van Holsteijn en Kemna and presents the result of a stock model 
calculation including scenarios for future developments 
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[4] GEEA http://www.gealabel.org (The European Group for Energy Efficient Appliances)   
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6.2  REFRIGERATORS AND FREEZERS 
 
 
6.2.1. Description 
 
Refrigerators and freezers are appliances in which food is preserved by cooling it. Cooling an 
object is done by withdrawing heat from it. Refrigerators and freezers are similar devices. The 
difference is the inside temperature. The inside temperature of a refrigerators is about 5 °C. 
The inside temperature of a freezer lies between -12 °C and -18 °C. Refrigerators usually 
have a small freezing compartment. 

 

 
 

 
 
 

Figure 6.1: Refrigerator (Whirlpool) 
 

Figure 6.2: Refrigerator 
(Bosch) 

 
 

 
The principal components of a refrigerator are an evaporator, a compressor, a condenser, 
an expansion valve and a refrigerant, which is a liquid circulating through the previous four. 
During one circulation cycle its physical state is continuously changing. 

• Refrigerant in the evaporator is colder than the inside of the refrigerator. Because of 
this, heat from inside the refrigerator is transferred to the refrigerant.  The refrigerant 
evaporates (it becomes a gas).  

• The gaseous refrigerant is compressed by the compressor (the pressure is increased), 
which causes the temperature of the refrigerant to rise. 

• As the refrigerant enters the condenser (situated on the back of the refrigerator) its 
temperature is higher than the outside temperature. Because of this, heat from the 
refrigerant is transferred to the outside. The refrigerant cools down and condenses (it 
becomes a liquid again).  

• Finally, the refrigerant is expanded in the expansion valve (the pressure is decreased). 
Next, it enters the evaporator and the cycle starts all over again. 
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In figure 6.3 a typical electrical load diagram of a refrigerator is shown. The compressor 
functions intermittently and requires numerous starts of the driving electric motor. 
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Figure 6.3: Typical electrical load diagram of a refrigerator [1] 

 
Consumption of electric energy depends, among other factors, on the way the refrigerator is 
used and the thermal insulation. High efficiency is the result of the conjugation of the 
following conditions: good thermal insulation, efficient compressor, high-quality materials 
and a good electronic control system. 
 
 
6.2.2. Energy efficiency / energy savings 
 
The penetration of cold domestic appliances continues to increase and energy consumption 
per device decreases, as can be verified in table 6.2. Increasing efficiency of refrigerators and 
freezers is due to the use of better thermal insulation, better temperature control and better 
design of the interior, taking into account air flow. 
 

 
Year 

Ownership: 
equipment 
rates 

Energy use per 
device 

1995 105 % 436 kWh / year Refrigerators 
(incl. Combined 
Refrigerator/Freezer) 

2000 106 % 380 kWh / year (-13 
%) 

1995 49 % 441 kWh / year 
Freezers 2000 51 % 378 kWh / year (-14 

%) 
 

Table 6.2: Evolution of ownership of and energy consumption  
by refrigerators and freezers in EU households [2] 
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Refrigerators have an energy label, stating facts such as the class of energy efficiency the 
device belongs to and energy consumption (kWh/year). 
 
 
6.2.3. Other benefits 
 
Environmental 

• There are new refrigerants totally free of CFCs (Chlorofluorocarbons). In some 
prototypes CO2 is used. CFCs are traditionally used as refrigerants. When CFC gas is 
released into the atmosphere, it affects the ozone layer, which filters out UV radiation 
from sunlight. 

 
 
6.2.4. Innovation and technological developments in the field 
 
Certain refrigerators are equipped with a "no-frost" system. This electronic system maintains 
optimal temperatures in the different compartments. It allows for automatic defrosting, it 
takes into account atmospheric humidity and it provides better conservation quality. Other 
possible features of modern refrigerators are visualization of the inside temperature and a 
vegetable compartment with control of temperature and humidity. 
 
In the future, refrigerators will be equipped with a computer and an internet link. Such an 
"intelligent" refrigerator will transform a kitchen into a communication centre. It will do the 
shopping; ordering food by sending and receiving e-mails. It will be possible to control 
refrigerator temperature from outside of the house. In case of a malfunction of the cooling 
system, users will be alerted in order to avoid the degradation or loss of stored food. 
 
 
6.2.5. Market players 
 
In the following list some examples are given. This list is not representative of all market 
players. 
 

• SIEMENS    http://www.siemens-electromenager.com 
• MIELE    http://www.miele.de 
• WHIRLPOOL    http://www.whirlpool.com 

 
 
6.2.6. References 
 
[1] Final Report of Monitor of Energetic Consumption In Residential Sector CCE, 1997 
[2] CECED Report on Energy Consumption of Domestic Appliances in European 

Households 
[3] COLD II: The revision of energy labelling and minimum energy efficiency standards 

for domestic refrigeration appliances (SAVE II Programme contract no 
XVII/4.1031/Z/98-269) 

[4] Cool Labels study by the Environmental Change Unit of Oxford University (ECU 1998) 
[5] How a Refrigerator Works: 
 http://www.howstuffworks.com/refrigerator.htm 
 http://www.acmehowto.com/howto/appliance/refrigerator/overview.htm 
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6.3  DISHWASHERS 
 
 
6.3.1. Description 
 
In dishwashers, dishes are cleaned by submitting them to strong jets consisting of hot water 
and detergent. These jets are produced by means of a pump. The water is warmed at the 
bottom of the machine by an electric resistor. The water is circulated until the rinsing stage, 
when it is drained and replaced by clean water mixed with a rinse agent. After pumping out 
the rinse water, the dishes are dried by means of hot air. Salt is added to the water to avoid 
scale on the dishes and on the dishwasher. 
 

 
 

Figure 6.4: Dishwasher 
 
 
Various washing programmes can be selected, varying in length, water temperature and 
drying temperature. The user selects a programme according to the number of dirty dishes and 
the amount of dirt on the dishes. 
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Figure 6.5: Typical electrical load diagram of a dishwasher [3] 

 
In figure 6.5 a typical electrical load diagram of a dishwasher is shown. 
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Water temperatures typically range from 40 ºC to 70 ºC. At full load 14 litres of water and 1.2 
kWh of energy are consumed. At half load 11 litres of water and 0.9 kWh are consumed. 
 
Some models have a timer function, enabling users to programme their dishwasher up to 24 
hours in advance. In this way, they can always activate their machine during the off-peak 
hours; even when they are not at home. 
 
 
6.3.2. Energy efficiency / energy savings 
 
The penetration of dishwashers becomes more important. Energy consumption per unit is 
decreasing, as can be seen in table 6.3. This is due to a better distribution of water flow and 
the possibility of operating at lower temperature levels when a more efficient detergent is 
used. 
 

Year 
Ownership: 
equipment 
rates 

Energy use per 
device 

1995 30 % 274 kWh / year 

2000 37 % 235 kWh / year (-14 
%) 

 
Table 6.3: Evolution of ownership of and energy  

consumption by dishwashers in EU households [4]. 
 
A regular but slow decrease of water and energy consumption is expected to continue in the 
near future. No technical breakthroughs are expected. Dishwashers have an energy label, 
stating facts such as the class of energy efficiency the dishwashers belongs to, energy 
consumption (kWh/cycle) of the machine, class of washing efficiency and class of drying 
efficiency and water consumption (litres/cycle). 
 
Using a dishwasher is more efficient than washing the dishes by hand, especially concerning 
water consumption: a washing machine uses far less water than a person washing the dishes. 
For this reason, energy is saved when using a machine, as most energy is consumed for 
heating water. Of course, the cost of buying and using a dishwasher cannot be neglected. 
 
 
6.3.3. Other benefits 
 
Social 

• More people each year are discovering the benefits of the dishwasher. It has been 
estimated that using a dishwasher can save a person up to 3 weeks per year. 

Health 
• Dishwashers have significant benefits. Dishes are cleaner because washing is done at 

high temperatures, using highly efficient cleaning agents. 
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Miscellaneous 
• Condensation drying by using a heat exchanger has several benefits. Temperature 

change is slow, preserving the quality of the dishes. There is no intake of air from 
outside the machine, which results in hygienic drying. Energy consumption is low. 
Heat is recovered from the water used in the washing phase. 

 
 
6.3.4. Innovation and technological developments in the field 
 
Totally automatic dishwashers have been developed [5]. Innovative techniques are applied, 
one by which the most suitable washing programme is automatically chosen, taking into 
account the amount of dirt on the dishes. In this way a better result is obtained with less 
consumption of water and energy. A second innovative function is a charge sensor, which 
controls the necessary amount of water, subject to the number of dishes. 
 
As for all electrical appliances, home automation has a role to play for future dishwashers. 
Programs starting with a delay are not only a good means for decreasing energy cost. In the 
near future, when telecommunication is further developed, they could be used in demand 
side management measures, using the possibility to control delayed starting of programmes 
according to general electricity demand. 
 
 
6.3.5. Market Players 
 
In the following list some examples are given. This list is not representative of all market 
players. 
 

• SIEMENS    http://www.siemens-electromenager.com 
• MIELE    http://www.miele.de 
• WHIRLPOOL    http://www.whirlpool.com 

 
 
6.3.6. References 
 
[1] GEA (1995) Washing machines, driers, and dishwashers, the Group for Efficient 

Appliances working group of the European Energy Network for the Danish Energy 
Agency and the SAVE  programme ISBN 87-7844-016-5 

[2] Dishwasher Care: http://www.dishwasher-care.org.uk/: This site contains simple, 
impartial advice and tips on how to look after your dishwasher 

[3] Final Report of Monitor of Energetic Consumption In Residential Sector CCE, 1997 
[4] CECED Report on Energy Consumption of Domestic Appliances in European 

Households 
[5] totally automatic dishwasher: BOSCH SGS 09A08 Logixx (Source: BOSCH Máquinas 

de lavar loiça – Junho 2002) 
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6.4  WASHING MACHINE 
 
 
6.4.1. Description 
 
In a washing machine clothes are washed through a combination of actions: mechanical 
actions (barrel’s rotation and high speed rotation for centrifugation), chemical actions 
(detergents) and thermal actions (heat). An example of a washing machine is shown in figure 
6.6. 
 

 
 

Figure 6.6: Washing machine (Bosch) 

 
Spin-drying                 Washing 

 
Figure 6.7: Interior of a washing 

machine 
 
The design of washing machines differs strongly. It depends on the manufacturer, but the 
general principles are essentially the same. The controls consist of a timer, a cycle selector 
mechanism, a water temperature selector, a load size selector and a start button. The 
mechanism includes motor, transmission, clutch, pump, inner tub, outer tub and water inlet 
valve.  
 
Inside a washing machine are two concentric barrels or tubs. The inner tub is perforated and 
the outer tub holds the water. Most automatic washing machines have a two-minute washing 
cycle. The clothes go round one way, pause, and then go back round the other. This is 
repeated several times. The pump and spin drum are driven by the motor. During the spin-
drying cycle the inner tub spins, forcing the water out through the holes into the stationary 
outer tub. This is illustrated in figure 6.7. In figure 6.8 a typical electrical load diagram of a 
washing machine is shown. 
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Figure 6.8: Typical electrical load diagram of a  

washing machine (water temperature: 40 °C) [2] 
 
Devices exist that are a combination of a washing machine and a tumble drier. Although 
washing-drying devices provide space gains and are cheaper at purchase compared to the 
separate acquisition of a washing machine and a tumble drier, they present some 
disadvantages: they cannot dry more than 2.5 kg of clothes and water consumption is high, 
due to the drying technology. This kind of machines represents less than 10% of all washing 
machines sold. 
 
 
6.4.2. Energy efficiency / energy savings 
 
In table 6.4 the recent evolution of energy consumption (kWh per cycle for washing 4.7 kg 
of cotton at 60 ºC) and the perspective evolution for the year 2003 are shown. Evidently 
energy consumption is decreasing. This is due to a better distribution of water flow and the 
possibility of lower temperature levels when a more efficient detergent is used. 
 

Year Energy consumption (kWh / 
cycle) 

1982 1,83 

1993 1,35 (-26 % / 1982) 

1998 1,16 (- 37% / 1982) 

2003 
(expected)

1,16 (zero-progress scenario) 
1,01 (realistic scenario: –45 % / 
1982) 

 
Table 6.4: Evolution of efficiency of washing machines [3] 
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Water consumption of washing machine has also been decreasing: from 82.3 litres per cycle 
in 1993 to 63.8 litres cycle in 1998. 
 
Regular but slow decrease of water and energy consumption is expected to continue in the 
near future. No technical breakthroughs are expected. 
 
Washing machines have an energy label, stating facts such as the class of energy efficiency 
the machine belongs to, energy consumption (kWh/cycle) of the machine, class of washing 
efficiency and water consumption (litres/cycle) 
 
 
6.4.3. Other benefits 
 
Social 

• In the old days, washing was done by beating wet clothes against a rock. It has been 
estimated that using a washing machine, with nowadays habits, saves up to 3 days 
time over a week, compared to washing by hand. 

Environmental 
• Less water is consumed by a washing machine than by washing by hand. 

Health 
• Clothes are cleaner, because washing is done at high temperatures, using highly 

efficient cleaning agents. 
 
 
6.4.4. Innovation and technological developments in the field 
 
Washing machines have a special programme for woollens. 
Some machines have a weighing system for automatic regulation of programme duration. 
 
There are two ways to decrease electricity and water consumption of washing machines: 

• improvements that cut down water consumption: less energy is needed to heat up less 
water. The most efficient washers use only the amount of water clothes are able to 
absorb. 

• improvements that reduce the required water temperature while maintaining washing 
efficiency, resulting in energy savings. Lowering washing temperature is also linked 
to better efficiency of washing products. 

 
Technical options for clothes washers: 

• Prewash is used less and less because progress in washing products has lead to highly 
concentrated detergents. With longer duration of clothes tumbling and plunging, the 
same result can be obtained as with prewash. 

• Spraying of clothes can be optimised by changing the design of the inner tub, 
allowing for better soaking of clothes with the same amount of water. 

• Clothes' weight and type may be automatically detected so the machine can select 
the best programme for washing and rinsing. Water use is also optimised. 

• Using a half-load programme a washing machine can be operated at half load, using 
less energy, water and soap compared to full load. 
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• Speed of rotation during spin drying has increased a lot; from 400 to 1600 rotations 
per minute (rpm). Spin drying at 1600 rpm instead of 750 rpm can lead to 33 % of 
electricity savings for drying, because more water is removed at higher speed. 

• Some models have a timer function, enabling users to programme their washing 
machine in advance. In this way, they can activate their machine during the off-peak 
hours; even when their not at home. 

 
In the near future, when telecommunication is further developed, washing machines could be 
used in demand side management measures, using the possibility to control delayed starting 
of programmes according to general electricity demand. 
 
 
6.4.5. Market players 
 
In the following list some examples are given. This list is not representative of all market 
players. 
 

• BSH électroménager S.A.   http://www.siemens-electromenager.com 
• MIELE     http://www.miele.de 
• WHIRLPOOL     http://www.whirlpool.com 

 
 
6.4.6. References 
 
[1] GEA (1995) Washing machines, driers, and dishwashers, the Group for Efficient 

Appliances working group of the European Energy Network for the Danish Energy 
Agency and the  SAVE programme ISBN 87-7844-016-5 

[2] Final Report of «Monitor of Energy Consumption in Residential Sector CCE (1997) 
[3] Source: CECED Report on Energy Consumption of Domestic Appliances in European 

Households 
[4] Kaufman : Sociologie des tâches ménagères – CNRS - France 
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6.5  TUMBLE DRIER 
 
 
6.5.1. Description 
 
In tumble driers, clothes are dried by means of mechanical and electric actions. The clothes 
are placed in a barrel (or drum) that spins slowly, and from which a flux of warm air, 
generated by electric resistances, is forced by a ventilator. 
 

 
 

Figure 6.9: Tumble drier (Zanussi) 
 

The drum is equipped with baffles protruding into the drum to keep the clothes from 
bunching up. The length of time the drier runs and the air temperature are the elements of the 
various drying cycles. 
 
The drum and the blower are driven by a motor. The airflow generated by the blower passes 
over a heating element. The air then passes through the drum and out the back of the drier 
through ducts to the vent which is typically located outdoors. Clothes can be ventilated by 
blowing cold air through the drum. 
 
There are two types of clothes driers, using different techniques: 
 
The first type is drying by extraction. A schematic drawing is shown in figure 6.10. Cold air 
is sucked in, heated and blown through the laundry in the barrel. The water in the clothes is 
withdrawn by the hot air, which becomes damp. Next, the air is expelled from the drier, to 
the open air, through an outlet pipe. 
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Figure 6.10: Drying by extraction 

 
 

Figure 6.11: Drying by condensation 
 
The second type is the condensation drier. A schematic drawing is shown in figure 6.11. This 
drier does not require an outlet pipe; its air cycle is closed. Cold air is heated and blown 
through the laundry in the barrel. The water in the clothes is withdrawn by the hot air, which 
becomes damp. The air is then cooled down, causing the moisture to condensate. This action 
results in cold dry air, which is used again. The condensed water is collected in a reservoir, 
which has to be emptied by the user or which is drained off to the sewer. 
 
In some driers, the cycle is automatically adapted to load (the amount of clothes to be dried). 
The drying process can also be controlled by humidity sensors. When clothes are dry, a 
sound signal notifies the user, in order to protect the clothes against creases. Clothes become 
wrinkled again when left in the drier for to long. 
 
A modern clothes drier is equipped with good regulation of temperature and drying time. This 
guarantees an optimal efficiency adjusted to the wanted final condition of the clothes. 
 
Tumble driers have an energy label, stating facts such as the class of energy efficiency the 
drier belongs to, energy consumption (kWh/cycle) of the machine and an indication of the 
type of drying technology used. 
 
 
6.5.2. Energy efficiency / energy savings 
 
The average energy consumption for the drying of 5 kg of cotton is about 3 to 3.6 kWh. 33 
% of electricity can be saved by drying clothes that have been spun in the washing machine at 
1600 rotations per minute (rpm) rather than 750 rpm. The higher to rotation speed, the more 
water is removed from the clothes. 
 
In the European Union, the penetration of tumble driers is increasing and the average energy 
consumption per device is decreasing, as we can be seen in table 6.5. 
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Year 
Ownership: 
equipment 
rates 

Energy use per 
device 

1995 22 % 313 kWh / year 

2000 27 % 251 kWh / year (-20 
%) 

 
Table 6.5: Recent evolution of ownership of and energy  

consumption by tumble driers in EU households [2] 
 
 
6.5.3. Other benefits 
 
Social 

• Electric tumble driers are very useful in small houses and flats, were a clothesline or 
a drying rack occupy much space. 

Health 
• Clothes dried in an electric drier contain less dust than clothes dried on a clothesline. 

The air circulating through a drier removes dust particles from the clothes and deposits 
them on an air filter. Regarding the high increase of allergies (especially dust 
allergies), it is an important benefit nowadays. 

 
 
6.5.4. Innovation and technological developments in the field 
 
Compared to other electrical appliances, electric driers have probably the best energy savings 
potential using technical solutions. Optimisation of airflow inside the drier is still possible 
and a new drying method (super heated water vapour) is being developed. AEG and Bosch 
are working on a drier equipped with a heat pump. A microwave drier exists in USA, but the 
benefits do not justify the cost. 
 
As for all electrical appliances, home automation has a role to play for future tumble driers. 
Programs starting with a delay of a few hours are not only a good means for decreasing 
energy cost. In the near future, when telecommunication is further developed, tumble driers 
could be used in demand side management measures, using the possibility to control 
delayed starting of programmes according to general electricity demand. 
 
 
6.5.5. Market players 
 
In the following list some examples are given. This list is not representative of all market 
players. 
 

• BRANDT (Sauter, Thermor, De Dietrich, Océan) http://www.brandtgroup.com 
• ELECTROLUX (Arthur-Martin, Faure, Zanussi, AEG) http://www.electrolux.com 
• BAUKNECHT      http://www.bauknecht.de 
• MERLONI (Scholtès, Indesit, Ariston)   http://www.merloni.com 
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6.5.6. References 
 
[1] GEA (1995) Washing machines, driers, and dishwashers, the Group for Efficient 

Appliances working group of the European Energy Network for the Danish Energy 
Agency and the SAVE  programme ISBN 87-7844-016-5 

[2] CECED (European Committee of manufacturers of Domestic Equipment) Report on 
Energy Consumption of Domestic Appliances in European Households 

 



Ref. 2004-440-0002  July 2004 73

6.6  DOMESTIC COOKING 
 
 
6.6.1. Description of the application 
 
Cooking plates 
Three techniques are used for heating pots and pans on cooktops: 
• Conduction of heat in classic electric plates (figure 6.12) 
• Heat (or infrared) radiation in infrared or vitro-ceramic plates (figure 6.13) 
• Magnetic induction in induction plates (figure 6.14) 
 
Sometimes a combination of techniques is used in one cooktop. 
 

  

Figure 6.12: Classic 
electric plates 

Figure 6.13: Vitro-
ceramic plates 

Figure 6.14: Induction 
plates  

 
Classic electric plates 
Classic plates are made of cast iron. They are heated by means of an electric resistor. These 
kinds of plates are simple and robust. These plates' temperature change is the slowest of the 
three systems.  
 
Induction plates 
Using gas, conventional electric cookers or vitro-ceramic plates, energy is first converted to 
heat and then transferred to the pan. A lot of heat does not reach the pan and is therefore 
wasted: the kitchen is heated instead of the food. Contrary to these systems, induction plates 
do not heat. Heat is generated in the bottom of the pot or pan placed on a cooking ring. 
 
In the bottom of a pan an alternating magnetic field is generated, which causes currents to 
flow (induction). These currents heat up the pot (Joule effect), so the pot itself becomes a 
heat source. Because of this, induction plates are capable of fast temperature changes and 
have a very good thermal efficiency. The bottom of a cooking vessel does not have to be 
perfectly flat since no heat is transferred to the bottom of the pot. 
 
Vitro-ceramic plates 
Vitro-ceramic plates are named after the material the surface is made of. Under the surface 
sources of infrared light are installed. Infrared light is heat radiation, such as the heat we 
feel when sunrays touch our body. These sources can be electric resistors or halogen lamps. 
They heat up when a current passes through them. The hotter they are, the more infrared 
radiation they emit. Radiating resistors heat up in about 20 seconds. Certain resistor systems 
heat up faster: in about 5 seconds. Halogen lamps heat up almost instantly. 
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Cookers 

Figure 6.15: 
Cooker 

with classic 
electric 
plates 

 
The three electric-hob systems described above can be combined with an oven, forming a 
cooker. An example is shown in figure 6.15. Mixed electric-gas cookers exist as well. The 
most common model is equipped with three gas burners, one electric plate and an electric 
oven. 
 
Ovens 
 
Various electric ovens exist. They are used for various kinds of cooking:  

• natural convection oven 
• pulsed air oven 
• vapour oven 
• combined system 
• microwave oven 

 

 

 

 

Figure 6.16: Natural-
convection oven 

Figure 6.17: Pulsed-air 
oven 

Figure 6.18 : Vapour 
oven 

 
Natural-convection oven 
The air inside the oven is heated by means of electric resistors, judiciously arranged so as to 
create a temperature difference in the oven. Because hot air rises and cooler air drops, natural 
air circulation arises in the oven. This is called natural convection; heat is transferred to the 
food by means of moving hot air. A thermostat controls the temperature, within a range from 
100 to 260 °C.  
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Pulsed-air oven 
Hot air is circulated through the oven by means of a fan, incorporated in the back. With this 
technique, it is possible to cook simultaneously different dishes placed on different levels in 
the oven. 
 
Vapour oven 
This is the most recent cooking system. Wet or dry vapour, under high or atmospheric 
pressure respectively, is generated in a boiler and injected in the lower part of the oven. Heat 
is transferred to the food, whereupon the vapour is evacuated through holes in the upper level. 
 
Microwave oven 
In microwave ovens electric energy is transformed into microwaves. These waves are sent 
into the space the food is in. They increase the energy content of the water molecules in the 
food, thus heating it. These ovens are mostly used for quick cooking and defrosting of food. 
Microwaves penetrate the food, up to a depth of 2 to 3 cm, heating it inside without heating 
the surrounding air. The part of the food that is not reached by the waves is heated by means 
of thermal conduction, as in classic ovens. 
 
Combined oven 
This is a combination of a classic, hot-air oven and a microwave oven. Both systems can be 
used simultaneously. An example is shown in figure 6.19. 
 

 
Figure 6.19: Combined oven 

 
6.6.2. Energy efficiency / energy savings 
 
According to the CECED (European Committee of Domestic Equipment Manufacturers) the 
penetration of electric ovens is increasing and energy consumption per oven is decreasing, 
as can be seen in table 6.6. The main reason for this evolution is better control. 
 

Year 
Ownership: 
equipment 
rates 

Energy use per 
device 

1995 77 % 132 kWh / year 

2000 82 % 123 kWh / year (-7 
%) 

 
Table 6.6: Evolution of ownership of and energy consumption  

by electric ovens in EU households [4] 



Ref. 2004-440-0002  July 2004 76

 
Compared to other ovens (electric or gas), microwave ovens have the lowest energy 
consumption. However, from a culinary point of view, cooking with a microwave oven is 
different; it yields other results than cooking with classic ovens. 
 
 
6.6.3. Other benefits 
 
Health 

• In contrast to cooking with gas, electric cooking plates and ovens do not generate 
volatile organic compounds (VOC). This is important for public health [1] because a 
significant part of old European houses are not equipped with efficient ventilation 
systems. 

Maintenance 
• Vitro-ceramic plates and induction plates are flat; there aren't any ridges. Therefore 

they can be cleaned easily. In the case of induction plates, overflows do not burn on 
because the plate surface isn't hot. 

Safety 
• Using electric plates and ovens, there never is a flame in the kitchen. This is important 

for the safety of elderly people and children. Microwave ovens are considered as the 
safest way of cooking. 

Culinary 
• Electric ovens can be used to do every kind of cooking; involving slow or very fast 

temperature changes. It is also possible to combine cooking techniques. 
Social 

• It is interesting to mention the social impact of microwave ovens in keeping up the 
habit of the family diner in Europe. An important number of young people do not eat 
the same food their parents eat. Using a microwave oven, another dish can be warmed 
up very fast, allowing a family diner with different menus. It is one the identified 
reasons for preserving the family diner in France [3]. 

 
 
6.6.4. Innovation and technological developments in the field 
 
Cooking plates 
 
Technical innovations are expected from induction plates: components which are 20 % less 
expensive than classic ones that allow for better temperature control and easy adaptation to 
pots of various sizes. 
 
Other future possibilities are: 

• mixed cooktops: gas and induction plates incorporated in one unit, 
• one cooking surface without specific areas; offering complete freedom of size and 

position of pots and pans, 
• independent cooking systems without a physical link to the electricity grid. 

 
The major specific expected evolution concerns cookers with a multi-function pyrolysis oven, 
a cold door and induction plates. 
 
At last, home automation cannot be ignored in tomorrow cooking systems. 
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Ovens 

• vapour oven: natural convection able to convert humidity in water vapour (food 
keeps its natural humidity rate, without desiccating). 

• microwave ovens: possibility to read a magnetic card able to calculate and control 
different durations of cooking according to product and desired recipe. 

• cleaning: electronics can be used to calculate the amount of dirt. 
 
Self-cleaning ovens with water vapour and variable capacity ovens (inner volume) are 
expected. 
 
 
6.6.5. Market players 
 
In the following list some examples are given. This list is not representative of all market 
players. 
 

• ELECTROLUX (Arthur Martin, Faure, Zanussi, AEG) http://www.electrolux.com 
• WHIRLPOOL (Bauknecht, Laden, Radiola, Ignis)  http://www.whirlpool.com 
• MERLONI (Scholtès, Indésit, Ariston)   http://www.merloni.com 
• MIELE       http://www.miele.de 

 
• European Committee of Domestic Equipment Manufacturers http://www.ceced.org/ 

 
 
6.6.6. References 
 
[1] MIT Boston USA report - 1999 
[2] TEPCO, Japan 
[3] J Kaufman : Sociology of domestic appliances 
[4] CECED (European Committee of Domestic Equipment Manufacturers) Report on 

Energy Consumption of Domestic Appliances in European Households 
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7.  HEAT PUMPS 
 
 
7.1.  Description 
 
Heat flows from a higher to a lower temperature. Heat pumps, however, are able to force the 
heat flow in the other direction, using a relatively small amount of energy (electricity, fuel, or 
high-temperature waste heat). In figure 1 a functional scheme of a heat pump is shown. It 
closely resembles the scheme of a refrigerator. A heat pump consists of 4 components through 
which a working fluid circulates (clockwise in figure 7.1). In the evaporator (on the left) cold 
working fluid absorbs heat (thermal energy) from the environment. Because of this the fluid 
evaporates. In the compressor the pressure of the evaporated fluid is increased, causing the 
temperature of the fluid to rise. In the condenser (on the right) the thermal energy originating 
from the environment is extracted from the working fluid and used for heating. The fluid 
condenses and is lead through an expansion valve, which causes the pressure of the fluid to 
drop, before it re-enters the evaporator. 
 
Heat pumps can be used for heating and cooling buildings as well as in many industrial 
processes. They offer the best prospects for attaining improvements in energy efficiency, 
leading to lower environmental pollution, particularly by CO2 emission. 
 
Electrically-driven heat pumps for heating buildings typically supply 100 kWh of heat with 
just 20-40 kWh of electricity. Many industrial heat pumps can achieve even higher 
performance, and supply the same amount of heat with only 3-10 kWh of electricity. 
 
 

 
 

Figure 7.1: Functional scheme of a heat pump [1] 
 
The vast majority of heat pumps operate on the vapour-compression cycle, for which 
mechanical energy, supplied by an electric motor or a fuel engine, is needed. A minority of 
heat pumps use the absorption cycle, for which thermal energy (heat) is needed. They 
predominantly use gas as fuel. 
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7.2.  Energy efficiency / energy savings 
 
Heat pumps offer the most energy-efficient way of providing heating and cooling in many 
applications, as they can use renewable heat sources in our surroundings. Even at 
temperatures we consider to be cold, air, ground and water contain useful heat that's 
continuously replenished by the sun. By applying a little more energy, a heat pump can raise 
the temperature of this thermal energy to the level needed. Similarly, heat pumps can also use 
waste-heat sources, such as from industrial processes, cooling equipment or ventilation air 
extracted from buildings. A typical electrical heat pump will just need 100 kWh of power to 
turn 200 kWh of freely available environmental or waste heat into 300 kWh of useful heat. 
 
If the fuel used by conventional boilers were redirected to supply power for electric heat 
pumps, about 35-50 % less fuel would be needed, resulting in 35-50 % less emissions. In 
industry, about 50 % savings are made when electric heat pumps are driven by CHP 
(combined heat and power or cogeneration) systems. 
 
 
7.3.  Other benefits 
 
Environmental 

• The heat pump is the only process that recirculates environmental or waste heat back 
into a heat production process, and therefore can dramatically reduce the demand for 
fossil fuels as well as acid rain and emissions of CO2, NOx and hydrocarbons. Detailed 
studies have shown that electric- or gas-driven heat pumps would reduce emissions of 
CO2 and other pollutants associated with space heating in Europe by between 30 % 
and 50 %, depending upon the conditions of use. 

Technical 
• Heat pumps require very little maintenance. 
• The operation of heat pumps can be reversed for cooling in summer. 

 
 
7.4.  Innovation and technological developments in the field 
 
Heat pumps have a large and worldwide potential. Of the global CO2 emissions that 
amounted to 22 billion tonnes per year in 1997, heating in buildings causes 30 % and 
industrial activities cause 35 %. The total CO2 reduction potential is 1.2 billion tonnes: 1 
billion tonnes can be saved by residential and commercial heat pumps and a minimum of 0.2 
billion tonnes can be saved by industrial heat pumps. This is about 6 % of global emissions. 
This is one of the largest savings that a single technology can offer. This technology is already 
available on the market. With higher efficiencies in power plants as well as for the heat pump 
itself, the future global emission-savings potential is about 16 %. [2] 
 
The D-A-CH group, including the German Heat-Pump Association, the Swiss Heat-Pump 
Association and the Austrian Heat-Pump Association, has defined quality standards for heat 
pumps across the three countries. The quality standards ensure a minimum level of 
performance, reliability and environment-friendliness. 
 
Constant research and development has been going on for 15 years. In the near future it will 
be possible to extract an amount of thermal energy which is four times larger than the energy 
consumed by the heat pump. 
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Other future developments: 

• High-efficiency motors and variable speed drives 
• Environment-friendly working fluids  
• Reduction of noise, standardisation of hydraulic circuits 
• Retrofit heat pumps for existing buildings with radiators (65°C) 
• Reduction of prices by mass production (EU-wide market) 

 
 
7.5.  Market players 

In the following list some examples are given. This list is not representative of all market 
players in the area concerned. 
 
International organisations: 

• IEA Heat Pump Centre    http://www.heatpumpcentre.org 
• European heat pump network    http://www.ehpn.de 
• European Heat Pump Association   http://www.ehpa.org 

 
Manufacturers: 

• Stiebel Eltron      http://stiebel-eltron.com 
• Heliotherm Wärmepumpen    http://www.heliotherm.com 
• Solterra      http://solterra.ie 

 
 
7.6.  Example 
 
Industrial example: 
A large capacity ammonia heat pump was installed in 1994 at the STATOIL Research 
Centre in Trondheim (Norway) [2]. The building is a work site for about 500 people. The heat 
pump uses seawater as a heat source and has a COP of 4.0 at design conditions. The annual 
energy savings compared to a conventional oil-fired heating system and a conventional air-
conditioning system are significant: 2.3 GWh of thermal energy for heating and 0.4 GWh of 
electricity for cooling. The working fluid is ammonia. Due to the toxicity of this substance a 
number of safety measures have been taken to meet the safety standards.  
 
The payback period is 4.5 years. The profit of cooling by seawater is not included in the 
calculation. 
Compared to a conventional oil-fired system the reductions of emissions are estimated as: 
-  CO2: 1350 tonne/year  
-  SO2: 2 tonne/year  
-  NOx: 1.3 tonne/year 
 
Domestic example: 
A heat pump was integrated in a house (surface: 156 m²) in Onet le Château (France). This 
house was constructed using advanced insulation technology. 7 kW of heating is required for 
an inside temperature that is 7 °C above the external temperature. The heat pump is used for 
heating during the winter and cooling during the summer. The coolant is pumped through 
pipes in the floor. 
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Table 7.1 shows the consumption by the heat pump between November 1998 and October 
1999 (1 year). Consumption is expressed in kWh per m²: total consumption divided by the 
total surface of the house. 
 
Multiplying total consumption (91 kWh / m²) by the total surface of the house yields the 
annual consumption: 14196 kWh. The electricity cost for operating the heat pump during this 
period was 711 euros.  
 

 
Energy 

consumption 
[kWh / m²] 

heating 41 
cooling 3 
circulation 
pump 9 

heating of water 16 
other uses 22 
total 91 

 
Table 7.1: Energy consumption for operating a heat pump for 1 year 

 
The heat pump is responsible for CO2 emissions of 1287 kg per year (74 g / kWh in France, 
according to the International Energy Agency). CO2 emissions due to gas heating are 4497 kg 
per year (burner efficiency: 80 %, 225 g / kWh, according to the Ecole polytechnique fédérale 
de Zurich). 
 
Results of a mass testing in Austria 
In 1993, Energie AG, a regional energy company in Austria, startet a mass testing of heat 
pump installations with different types of heat pumps (different kinds of technologies and 
different heat sources) in a variety of buildings. The heat pump systems were mainly installed 
in new built single family houses with very good standards of heat insulation and in a few 
bigger buildings. The heated areas were in a range between 120 up to 2.400 m². By installing 
both an electric meter for measuring the kWh of electricity used plus a heat meter for 
measuring the kWh of generated heat, it is possible to give exact figures for the efficiency of 
the installations. 
 
The results of this metering program have been exactly documented, and it is possible to 
provide reliable results for the different systems. The key figure is the “yearly efficiency 
figure” which is the result of the relation between the (electric) energy input and the heat 
output. 
 
Summary of the results: 
 
type of  
heat pump / heat 
source 

Ø heated 
area (m²) 

Ø heat 
consumption of 
the building (KW)

Ø efficiency 
figure /year 

number of 
objects 

Ø age of the 
system 

soil 300 m² 16,4 3,9 34 7,5 
(ground)water 340 m² 20,3 4,2 10 5,5 
air 182 m² 12,7 2,7 12 7,5 
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After seven years of measuring the results the conclusion can be drawn that heat pumps have 
generally proved to be a very reliable and remarkable efficient heating system. As about 95 % 
of the installations use soil as the heating source - which is easily available – we can say that 
heating single family houses can be done by generating nearly 4 units of heat when using only 
1 unit of electricity. Even in countries with a thermal power generating structure there are 
measurable benefits for the environment compared to a direct use of fossil fuels.  
 
 
7.7. References 
 
[1] European heat pump network:  http://www.ehpn.de/ 
[2] IEA Heat Pump Centre:  http://www.heatpumpcentre.org/ 
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8. INDUSTRY 
 
8.1 ELECTROHEAT 
 
8.1.1 Introduction 
 
8.1.1.1. Description 
 
Electroheat technologies are the section of electrotechnologies describing high-power 
heating processes which are sourced through electrical energy. Electroheat technologies 
cover a large percentage of electricity consumption in industry; in the EU in the order of 20 to 
40 %. 
 
In this chapter an overview of electroheat technologies is given. In the second, third and forth 
chapter, three important technologies are described in detail: in chapter 2 resistance heating 
is discussed, chapter 3 deals with induction heating and chapter 4 is on dielectric heating. 
 
Figure 8.1 shows a schematic classification of electroheat processes, according to the voltage 
frequency used, from DC (0 Hz) to frequencies up to 1012 Hz. Some typical examples are also 
given. 

 
 

Figure 8.1: Classification of some electroheat processes in industry [1] 
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Figure 8.2: Drying of textiles 
 

Figure 8.3: Induction slab heating 
 
Electroheat is used for producing or processing many different materials, ranging from metals 
to ceramics, from natural fibres to polymers, with foodstuffs forming a very important area 
of application. 
 
Typical examples are 

• the melting of metals (e.g. copper, steel, aluminium, titanium, alloys),  
• the forging of steel billets with induction heating, 
• the induction heating of metal slabs (figure 8.3), 
• the induction hardening of steel parts, 
• the induction welding of steel tubes, 
• the resistance heating for metal treatment, 
• the resistance heating of ceramics 
• the resistance and induction heating for semiconductor material processing 
• the welding, cutting and treatment of materials using lasers, 
• the cutting of steel plates with a plasma torch, 
• the drying of textiles with radio-frequency electric fields (figure 8.2), 
• the tempering of frozen meat with microwaves, 
• the high-temperature short-time sterilisation of food slurries using conductive heating, 
• the drying of roof ceramic tiles by means of heat pumps, and so on. 

 
In many cases the electroheat technology is the only mean for obtaining a certain product. In 
other cases it competes with concurrent technologies using fossil fuels, reducing industry’s 
investment and operating costs, energy costs and primary energy requirements. Avoiding 
wasteful use of energy is also a widely recognised way of reducing CO2 emissions. [4] 
 
8.1.1.2. Energy efficiency / energy savings 
 
Electroheat processes can also be advantageous from the point of view of energy consumption 
and CO2-emissions, as shown by some typical examples in figures 8.4 and 8.5. 
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Figure 8.4: Final and primary energy and CO2-emission in  

different drying technologies [4] 
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Figure 8.5: Energy requirements and CO2-emission for melting of aluminium  

in a gas fired furnace and channel induction furnace [4] 
 
In figure 8.5 the energy requirements and CO2-emissions for melting aluminium are shown 
for two technologies: a large gas-fired furnace and a large electric channel induction furnace 
(CIF). In a channel induction furnace, metal is molten in a channel placed inside an induction 
coil. 
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In the graph three quantities are shown: 
 

• Primary energy: 
For the gas-fired furnace, this is the energy required to heat the furnace. For the CIF, 
this is the energy required for generating the necessary amount of electric energy at a 
power plant. 

• Final energy: 
The energy that is used for the melting process. The final energy is part of the primary 
energy. 

• CO2 emission related to the primary energy used. 
 
Each bar is divided into two sections. The upper section represents the energy equivalent for 
the melt losses and the lower section is the energy which is used in the melting process. From 
a comparison of the gas-fired furnace and the CIF, the following conclusions can be made. 
The channel induction furnace consumes less energy than the gas fired furnace and it emits 
less CO2, if we take into account the energy equivalent for primary energy, which is needed 
for the substitution of the melt losses. The relative difference between primary and final 
energy is the largest for the CIF. This ratio is typical for generation of electric power. 
Globally, the electric furnace consumes less primary energy than the gas-fired furnace for 
melting an equal amount of aluminium. 
 
8.1.1.3. Other benefits 
 
Environmental 

• CO2 emissions are reduced (see figure 8.5) 
• Better working conditions (cleaner, no exhaust, no pollution). 

 
Financial 

• Labour, maintenance and failure costs can be considerably reduced. 
 
Technical 

• The product quality is generally greatly improved. 
• New materials and products can be produced with modern electroheat technologies. 

 
 
8.1.1.4. Innovation and technological developments in the field 
 

Ongoing research 

• Improvement of existing electroheat processes for production of conventional 
products with the aim of higher automation, in-line production or lower energy 
consumption. 

• Improvement of efficiency and quality of fuel-fired heating processes by modern 
electroheat technologies. 

• Development of electroheat processes for the production of new materials (metallic 
alloys, ceramics, and glasses) or of well-known materials with higher material quality. 

• New energy supplies with higher efficiencies. 
• New electroheat installations causing less electrical disturbances. 
• Development of industrial processes for material recycling and waste treatment.  
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Long term prospects 

• Development of electroheat processes for supporting the development of new, 
fundamental technologies such as nanoelectronics or optoelectronics. 

 
There is an ongoing action at the European level by a COST project with special working 
groups on “high magnetic fields”, “crystal growing” and “metallurgy”. 
 
 
8.1.1.5. Market players 
 
In the following list some examples are given. This list is not representative of all market 
players in the area concerned. Because of the wide range of different electro technologies, a 
lot of suppliers of electroheat installations exist. Many of these suppliers are small and 
medium-sized companies. 
 
Induction melting, heating and heat treatment 

• Inductotherm     http://www.inductotherm.com/ 
• Inductoheat     http://www.inductoheat.co.uk 
• ABB      http://www.abb.com 
• Otto Junker     http://www.otto-junker.de 
• SMS-Elotherm    http://www.sms-elotherm.com 

 
Resistance heating 

• Nabertherm     http://www.nabertherm.de 
• IPSEN      http://www.ipsen-intl.com 
• ALD      http://www.ald-vt.com 

 
Arc Furnaces 

• SMS      http://www.sms-mevac.de 
• Voest Alpine     http://www.vatech.at 
• Danielli     http://www.danieli.com 

 
Dielectric Heating (RF-Heating, Microwave) 

• Püschner     http://www.pueschner.com 
• Linn Hightherm    http://www.linn.de 

 
RF Systems 

• STALAM     http://www.stalam.it 
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8.1.1.6. Example 
 
Electroheat processes introduce new technologies in production processes and very often also 
a contribution to the reduction of energy consumption. An example is the drying of ceramic 
filters for casting applications by means of microwave heating. 
 
A microwave installation allows of drying filters in 15 to 20 minutes, reducing humidity level 
from 27 % down to 1 %. Using a comparable conventional air drying system, 8 to 10 hours 
are required for achieving the same result. The continuously operating installation is fully 
integrated in the production line, starting with a green casting and finishing with the sintered 
filter. 
 
Total power rating of the installation is 80 kW; microwave output power is 36 x 1.2 kW. The 
production rate is 1500 to 2000 filters per hour or 120 to 150 kg per hour. 
 
The advantages of the microwave-drying process are: no superheating at the filter surface, 
very short drying process (less than 5 % of the duration of a conventional process), 
continuous in-line process and high product quality. 
 
 
8.1.1.7. References 
 
[1] A.C. Metaxas. Foundations of Electroheat, John Wiley & Sons, Chichester/England, 

1996, ISBN 0-471-95644-9 
[2] S.Lupi, A.Mühlbauer et al. Sovremennye Energosberegajušcie 

Elektrotehnologii(Modern Electrotechnologies for Energy Saving), St. Petersburg, Ed. 
SpbGETU “LETI”, 2000, ISBN 5-7629-0298-6 (in Russian) 

[3] A.Mühlbauer et al. Industrielle Elektrowärmetechnik (Industrial Electroheat 
Technique), Vulkan-Verlag Essen, 1992, ISBN 3-8027-2903-X (in German) 

[4] Baake, E., Jörn, U.; Mühlbauer, A.: Energiebedarf und CO2-Emission industrieller 
Prozesswärmeverfahren. Vulkan Verlag Essen 1996 
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8.1.2  Resistance heating 
 
8.1.2.1. Description 
 
Indirect resistance heating involves passing line-frequency current through a set of 
resistances. These resistances are the heating elements. When current flows through a 
resistance, heat is generated. This is called the Joule effect. Applying a voltage U to the 
terminals of a body with a resistance R gives rise to a current I and heating of the body related 
to the resistance that the current has to pass. The heating power P is given by the following 
expression: P=RI2. The outline of a system of indirect resistance heating is shown in       
figure 8.6. 
 
The heat is transferred to the work piece via direct contact (conduction), the air (convection), 
and/or heat radiation (infrared heating). The temperature of the workpiece can range from 
ambient to 1700 °C or more, depending on the application and type of heating elements. At 
high temperatures an inert atmosphere is required around the workpiece, in order to prevent 
corrosion of the surface of the workpiece. Because of the high temperatures involved, the 
inner wall of the oven is made of refractory. 

 
Figure 8.6: Outline of indirect resistance heating 

 
Main sectors of application: 

Metals Heat treating, forming, melting, 
drying 

Food 
Industry 

Heating, cooking, roasting, 
sterilization 

Ceramics Cooking, drying  (figure 8.9) 
 

 
Figure 8.7: Pottery ready to be inserted in a resistance-heating installation. 
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Direct resistance heating involves passing an alternating current directly through the work 
piece to be heated. Since the part must be electrically conductive, it is often also referred to as 
conduction heating. With this type of heating, metal contacts (electrodes) must be used to 
physically make contact with the work piece.  
 
An outline is shown in figure 8.8. The Joule effect occurs here as well: the resistance of the 
workpiece to the current passing through generates heating. Low frequency current (50 Hz) 
heats the part throughout. High frequency current (400 kHz) tends to heat only the surface of 
the part. 

 
 

Figure 8.8: Outline of direct resistance heating 
 
 
8.1.2.2. Energy efficiency / energy savings 
 
Resistance heating is typically applied in a well-insulated enclosure, such as an electric 
oven. This technique minimizes thermal losses and provides a high heating efficiency. 
 
It replaces fuel-fired (gas) furnaces, flame hardening, or salt/lead-bath heat treating. Electric-
heating systems are much more energy efficient than the alternatives, especially at higher 
temperatures, where gas furnaces are less efficient. Typical heating efficiency of a gas furnace 
averages 15 to 20 %. Optimal efficiency of a gas furnace can amount to 40 to 80 %. This 
means that 40 to 80 % of the heat that is generated can be used, while the rest (20 to 60 %) 
goes up the chimney. Optimal efficiency of an electric oven can reach up to 95 %; only 5 % is 
lost.  
 
Power rating of furnaces equipped with metallic resistances is about 15 to 25 kW / m². 
Power rating of furnaces equipped with non-metallic resistances is about 50 to 70 kW / m². 
In table 1, a comparison is made between two gas furnaces (efficiency: 40 and 80 %) and an 
electric furnace (95 %). They have a heating power of 100 kW. For the gas furnaces the 
consumption of natural gas is expressed in litres per second. The rate of CO2 emission is 
expressed in grams per second. 
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efficiency
useful 
heating 

power  [kW] 

total 
power  
[kW] 

consumption 
of natural 
gas  [l / s] 

CO2 
emission 

rate  [g / s] 

furnace 
A 40 % 100 250 6,7        12,4 

gas furnace 
furnace 

B 80 % 100 125 3,3        6,2 

       11,7  
(EU) 

       9       
(B) 

electric 
furnace 

furnace 
C 95 % 100 105,3  

       1,6    
(F) 

 
Table 8.1: Energy consumption of a gas furnace and an electric furnace [1, 2] 

 
Because electric furnaces are the most efficient, they consume the least power. In the last 
column, CO2 emission rates are given. For the electric furnace, three values are given: for the 
European Union (EU), Belgium (B) and France (F). These three figures differ because 
emissions from the production of electricity depend on the energy mix. In France and 
Belgium, a large amount of electricity is produced using other sources than fossil fuels, 
resulting in low CO2 emissions. The values of the CO2 emission rates show that, for the EU, 
emissions from good electric furnaces are comparable to the emissions from gas furnaces. For 
countries such as Belgium and France the results are even better. 
 
 
8.1.2.3. Other benefits 
 
Environmental 

• In contrast to alternative technologies, there is no output of harmful combustion 
products, such as NOx, SOx, COx and particulate matter, or hazardous salts and metals. 

• Because of the precision of the heating process, there is less material wasted. 
 
Technical 

• Resistance furnaces can be operated in a flexible way. Precise temperature control is 
possible. 

• Because heating can be controlled accurately, the products are of high quality. 
• Melting in a resistance furnace can decrease dross or material loss. 
• Compared to alternative technologies, less space is required. 

 
Financial 

• Investments depend on size and type of the installation. Usually it is about the same as 
comparable fossil-fired systems: 10.000 to 200.000 euro. Return on investment is 
about 2 years. 

• Little maintenance is required. 
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Miscellaneous 
• Because there is no flame and no gas, operators of resistance furnaces are safe and 

their health is not at risk. 
 
 
8.1.2.4. Innovation and technological developments in the field 
 
There are an increasing number of applications, such as heating and cooking of liquid food, 
and coupling of techniques is being developed, with induction for example. 
 
 
8.1.2.5. Market players 
 
In the following list some examples are given. This list is not representative of all market 
players. 
 

• Nabertherm     http://www.nabertherm.de 
• IPSEN      http://www.ipsen-intl.com 
• Thermal Remediation Services  http://www.thermalrs.com 
• Sandvik Mining and Construction  http://www.sandwick.com 

 
 
8.1.2.6. Examples 
 
Electric welding consists of welding two pieces of metal together by sending a current 
through the point where the pieces touch. The current generates heat, resulting in melting of 
the metal. When the current is interrupted, the metal cools down. When it is solid again, the 
two objects are fused. 
 
Conventional machines produce an alternating current. However, a Dutch manufacturer of 
electric welding equipment (ArpLas) has developed a new, energy-efficient welding machine 
[5]. It is equipped with modern power electronics, enabling the system to produce a controlled 
direct current. This results in energy savings and better product quality. 
 
To test it, this welding machine was adopted by a manufacturer of steel drums, producing 
1.320.000 drums per year. The power demand, annual energy consumption and annual energy 
cost of both technologies is given in table 8.2. Demand, consumption and energy cost of the 
new system are 64 % lower than for the old system. Replacing an old unit is paid back in less 
than 2 years. A new, additional unit is paid back in less than 1 year. 
 

 Old system New system Difference 

Power demand 250 kW 90 kW 160 kW 

Annual energy 
consumption 390.323 kWh 140.620 kWh 249.700 kWh 

Energy cost 45.503 euro 16.393 euro 29.110 euro 
 

Table 8.2: Energy consumption of welding systems [5] 
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In a company producing transformers, the capacity of the coating installation had to be 
doubled without using extra floor space [6]. In this installation the coating is given a heat 
treatment. The existing system was a gas convection oven. The line speed was about 60 cm 
per minute. 
 
After considering all possibilities, an electric infrared system was found to be the best 
solution. The advantages are the following: 

• Only the surface of the transformers (the coating) is heated. No energy is wasted in the 
unnecessary (and potentially harmful) heating of components inside. This also results 
in faster cooling after the heat treatment. 

• The line speed was doubled. Together wit the faster cooling this results in higher 
productivity. 

• No air circulation is needed and there is no combustion of gas. In this way 
contamination of surface is avoided, resulting in better quality. 

• Start-up and shutdown are very short. In contrast to this, a gas oven needs 1 hour of 
preheating. Because of this, gas oven are not shut down during breaks. This results in 
energy waste. 

 
In a factory of lighting fixtures, one of the stages in the fabrication process is the application 
of a polyester coating [7]. This is done by covering the fixtures with polyester powder, which 
is cured in an oven. Two technologies were compared: a gas convection oven and an infrared 
oven. Because of the following advantages, the infrared oven was chosen. 

• It was found that a 15 m long gas convection oven would be required for this 
application. The length of an equivalent infrared oven would be 5 m. This means 66 % 
of floor space can be saved. 

• A gas convection oven requires service several times per year, but the electric infrared 
oven requires virtually no service. 

• The infrared oven requires five minutes for heat-up and 5-10 minutes for cool-down. 
A gas convection oven requires much more time for both heat-up and cool-down, 
resulting in significant energy losses. 

 
 
8.1.2.7. References 
 
[1] AMPERE Commission: http://mineco.fgov.be/energy/ampere_commission/G2.pdf 
[2] http://www.caddet-ee.org/nl_pdf/n011_08.pdf 
[3] Indirect Resistance Heating, EPRI CMF TechCommentary, Vol 3, No 7R, 1994 
[4] Direct & Encased Resistance Heating, EPRI CMF TechCommentary, Vol 3, No 8, 

1986 
[5] http://www.portalenergy.com/caddet/ee/R360.pdf 
[6] http://www.energy.ca.gov/process/pubs/eir_curing_solves_1000126.pdf 
[7] http://www.solarproducts.com/index.html?thomas.html 
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8.1.4  Dielectric heating 
 
 
8.1.4.1. Description 
 
Dielectric heating is a term covering two similar heating techniques: radio-frequency 
heating (RF heating) and microwave heating. In both techniques, the material that is heated 
is exposed to an electromagnetic field that is continuously reversing direction (alternating) at 
a very high frequency. In radio-frequency heating the frequency is situated between 10 and 
300 MHz. For microwave heating, the frequency lies between 300 and 30000 MHz, typical 
2.45 GHz. 
 
An atom consists of charged particles: the nucleus, which has a positive charge, and the 
electrons, which have a negative charge. When an atom or a molecule (which is made up of 
atoms) is subject to an alternating field, the particles interact with the field, which intensifies 
the natural vibration of the atoms. This corresponds to an increase in temperature. In this way 
the energy present in the electromagnetic field is transferred to the material in the form of 
heat. 
 
 

Figure 8.9: a) Radio-frequency heating, b) microwave heating 
 
In figure 1, a schematic representation of a radio-frequency system and a microwave system is 
shown. In a radio-frequency system the field is generated between two conducting plates 
(electrodes), to which an alternating voltage is applied. Material to be heated is placed 
between these plates. 
 
In microwave ovens, material is heated by means of microwaves. A microwave is a package 
of energy travelling through space. The higher the frequency of this wave is, the higher its 
energy is. The frequency typically used in industry is 2450 MHz. The electromagnetic waves 
are generated in a wave generator (magnetron), which is situated outside of the heating 
chamber. The waves are sent to the heating chamber through a metal tube, called the wave 
guide. The waves are absorbed by the material placed inside the heating chamber. 
 

 ~ 

Wave generator                Waveguide                            Heating chamber 
 

High-frequency 
voltage source 

Electrode 

Conveyer belt 

a) 
 
 
 
 
 
 
 
 
 
b) 
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Sometimes, a forced-air system is added. The moving air removes moisture from the heating 
chamber. In this way drying processes are accelerated. 
 
Different materials react differently to alternating electromagnetic fields. Water heats up very 
fast; it absorbs microwaves very easily. Because of this, microwave heating is used in many 
industrial drying applications. Rubber is another good absorber. Water and rubber are said to 
have a high loss factor. Materials that absorb only a small amount of energy have a low loss 
factor (e.g. plastics). Adding salt or carbon to a material increases its loss factor. When 
objects consist of materials with different loss factors, interesting applications are possible, 
e.g. pasteurizing pharmaceuticals and foodstuffs within their packages without burning the 
packaging material. 
 
A selection of applications: 
 

Food industry Drying, cooking, heating, pasteurisation, 
sterilisation, thawing 

Chemical industry Drying, heating, melting, granulation 

Rubber industry Drying, polymerisation, vulcanisation 

Textile industry Drying, dye fixation, control of moisture content 

Paper and wood 
industry 

Drying, glueing 

Ceramics Drying, joining, sintering 

Medicine Catheter production, sterilisation 

Metals Sintering of metal powder 
 

 
 

Figure 8.10: Continuous microwave belt furnace (Linn High Therm) 
 
 
8.1.4.2. Energy efficiency / energy savings 
 
The conventional way of heating material is applying heat to the surface, which is transferred 
to the interior by means of thermal conduction. This is a very slow process. Because 
electromagnetic fields penetrate the material, dielectric heating occurs inside the material. 
Thermal conduction is of minor importance during the heating process. This results in very 
fast heating. 
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Drying processes can be shortened from hours to minutes due to the ability of the microwave 
energy to penetrate the material and force the moisture to the surface. Partly due to this gain 
in time, dielectric heating offers large energy savings. Another reason for the low energy 
consumption is that only the workpieces are heated. No heat is lost in heating the walls or 
other parts of the oven or the air inside. In drying processes, energy is absorbed in a selective 
way: only the moisture inside the workpiece absorbs microwave energy. 
 
In general, microwave heating has an efficiency of 65 to 75 %. This means 65 to 75 % of the 
energy taken from the electricity grid is turned into heat inside the material. For comparison, 
the efficiency of conventional heating methods is about 35 to 50 %. Therefore savings of 15 
to 40 % compared to conventional methods are common [1]. Other sources indicate energy 
savings between 25 and 50 % [2, 3]. The high energy efficiency of dielectric heating systems 
is the main reason why manufacturers install them as replacements of conventional systems 
(e.g. hot air, steam). 
 
 
8.1.4.3. Other benefits 
 
Environmental 

• Because no medium is required to transfer heat to the product and no fuels are burned 
at the production site, dielectric heating is environment-friendly and does not put 
workers’ health at risk. 

• Microwave heating is safe: the electromagnetic waves are kept inside of the heating 
chamber. 

 
Technical 

• Dielectric heating is much faster than conventional techniques, resulting in higher 
production rates.  Processing time is often reduced by 70-85 %, resulting in higher 
production capacity. The process can be started up and shut down quickly, enabling 
just-in-time production. 

• In conventional heating systems temperature changes are slow. This limits the 
possibilities for control and automation. Accurate temperature control is only possible 
when the amount of energy transferred to the product can be changed very quickly. 
This is the case for microwave systems. As a result, the course of temperature during 
heating can be controlled very accurately. 

• Compared to conventional heating methods (e.g. steam, hot air), dielectric heating 
offers better products. Sometimes products can be developed that cannot be produced 
using other methods.  

• The heating chamber of a dielectric system is small and simple, compared to other 
systems, resulting in easier and faster maintenance. 

 
Financial 

• Because the heating process is controlled, the quality of the products is very high; very 
few products are rejected. 

• Dielectric heating systems are smaller than comparable conventional systems. Space 
savings of 50 to 90 % are possible. 
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8.1.4.4. Innovation and technological developments in the field 
 
In order to achieve optimal quality, products have to be heated in a uniform way. When 
cooking with a domestic microwave oven, a dish sometimes has regions that are too hot or too 
cold. This is because the electromagnetic fields are not distributed in a uniform way. To 
prevent this, most microwave ovens are equipped with a rotating plate. The same problem has 
to be solved in industrial systems. Achieving uniform dielectric heating is an important field 
of research. Parameters such as wave frequency and the shape of the system components are 
optimized by means of detailed computer simulations. Simulations are also used to optimize 
energy efficiency of microwave heating. 
 
Another research area is measurement of material properties, relevant for dielectric 
heating. Material has to be characterised in order to heat it in an efficient way. Next to 
determining properties, new measurement methods are devised.  
 
 
8.1.4.5. Market players 
 
In the following list some examples are given. This list is not representative of all market 
players. 
 

• Püschner     http://www.pueschner.com 
• Linn High Therm    http://www.linn.de 
• Micro-ondes Énergie Systèmes  http://www.m-e-s.net   
• Strayfield Fastran     http://www.strayfieldfastran.co.uk 
• Microwave Energy Applications Company http://www.meac.be 
• Romill      http://www.romill.cz 
• Association for Microwave Power in Europe for Research and Education  

      http://www.ampereeurope.org 
• Sairem      http://www.sairem.com 
• International Microwave Power Institute http://www.impi.org 
• AWI Microwaves    http://www.awimicrowaves.com 

 
 
8.1.4.6. Example 
 
An important stage in the production of porcelain is a heat treatment [4]. The products are 
heated up to a temperature of 1300 °C. In an earthenware factory, the performance of a 
conventional gas-heated oven was compared to that of a microwave oven. Both ovens have an 
internal volume of 150 litres and are filled with 8 kg of porcelain. The gas used in the first 
oven is propane. The rated power of the microwave oven is 20 kW. This is about 20 times the 
power of a domestic microwave oven. In the gas oven, 1300 °C was reached after 7.5 hours of 
heating. The oven consumed 335 kWh of energy. Using the microwave oven, it took 2 hours 
to reach the desired temperature and 63 kWh of energy was consumed. Compared to the gas 
oven, the same result was achieved using the microwave oven in less than a third of the time 
(27 %) and with one fifth (19 %) of the energy. 
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In a Henkel factory in France (Henkel Surface Technologies, in Cosne-sur-Loire) plastic car 
components are produced [5]. In order to render these components rigid and shock absorbing, 
the material is polymerized. This treatment requires heating of the workpieces. Up to 2001 
this was done by means of an electric resistance oven. To improve the production process 
(higher energy efficiency, less complex process), different alternative technologies were 
considered. It was found that microwave heating was the best solution. 
 
The new system consumes 7 times less energy. This corresponds with annual energy savings 
of about 116300 kWh. The value of these savings is 6050 € (electricity price: 52 €/MWh for 
industry). The oven only consumes energy during production; there are no stand-by losses. 
The system can be started up in 1 minute. 
 
Since the new system is used, no products are rejects are produced and the process has 
become less complex. The investment cost of this system is 47000 €. 
 
In another factory two alternative techniques for gluing plastic components together were 
compared [6]. The first technique is hot-air heating, the second is radio-frequency heating. 
After application of the glue and bringing the parts together, the glue has to be heated. The 
figures in table 1 prompt the following conclusion: the costs and energy use are lowest for the 
RF oven. Another advantage of the RF oven is it occupies 5 times less space than the hot-air 
oven.  

  Hot-air oven Radio-frequency 
oven 

Installed power 360 kW (gas + 
electric) 40 kW (electric) 

Energy 
consumption 8 640 kWh 120 kWh 

Energy cost 150 € / day 9 € / day 

Total investment 
cost > 900.000 € 525.000 € 

 
Table 8.3: Comparison of a hot-air oven and a radio-frequency oven [6] 

 
8.1.4.7. References 
 
[1] http://www.romill.cz/ 
[2] http://www.industrialmicrowave.com/technologies.htm 
[3] http://www.meac.be 
[4] M. Sato, S. Takayama, T. Watanabe, A. Kagohashi, “Can microwave kilns really save 

energy?,” Proc. 9th International Conference on Microwave & RF Heating, 
Loughborough University, UK, pp. 161 – 164, 2 – 5 September 2003 

[5] http://www.ademe.fr/htdocs/publications/lettre/86/86report.htm 
[6] http://membres.lycos.fr/dkpat/rdet/Web-rdet/indus/indus.html 
[7] M. Orfeuil, Electric Process Heating, Battelle Press, Columbus (Ohio, USA), 1987, 

ISBN 0-935470-26-3 
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8.2  OTHER INDUSTRIAL APPLICATIONS 
 
 
8.2.1  Introduction 
 
In this section industrial applications of electricity are described that were not discussed in the 
previous sections. In five chapters the following technologies are discussed: 
 
The first chapter deals with electrodeposition. This is a technique used for applying metallic 
coatings on objects. Dissolved metal atoms are deposited on immersed metallic surfaces when 
an electric current passes through the solution. The goal of using this process can be the 
metallic coating or it can be the removal of the dissolved atoms. 
 
The second chapter is concerned with electrolysis. This is the chemical reaction caused by an 
electric current flowing between two metal objects immersed in a solution. This reaction 
consists of a chemical transformation of the substances in solution. Three examples of sectors 
in which electrolysis is used, are the production pure metals, the production of hydrogen gas 
and water treatment. 
 
The third chapter treats of separation by means of membranes. Membrane technologies are 
used to separate liquids into two phases. For example, lightly sugared water can be separated 
into a volume of pure water and a volume of water containing a lot of sugar. Other examples 
are desalinisation of seawater and concentrating liquid fractions of landfills. 
 
In the fourth chapter refrigeration is discussed. Industrial refrigeration systems are based on 
the same principle as domestic refrigerators. They are used for transporting heat from an 
environment at low temperature to an environment at high temperature, resulting in further 
cooling of the cold reservoir (e.g. a chemical reactor) and heating of the warm reservoir (e.g. 
the atmosphere). Research is mainly focused on environment-friendly refrigerants. Traditional 
refrigerants reinforce the greenhouse effect or affect the ozone layer. 
 
The fifth chapter deals with mechanical vapour compression. This is a process for 
concentrating liquids. Concentration is obtained by evaporating the liquid. For this heating is 
required. Heating is achieved by means of vapour: it is produced during the process; it is 
recycled and reheated by mechanical compression. Examples of the use of mechanical vapour 
compression are concentration of fruit juices and crystallisation of sugar. 
 
Energy savings obtained by introducing an alternative, electric technology, such as the five 
that are mentioned here, depend on the way this technology is used. Because of the 
differences between the countless applications, savings are difficult to quantify. Non-electric 
technologies are more polluting (because of the use of chemicals) or they are used to 
concentrate pollution, requiring additional treatments. 
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8.2.2  Electrodeposition 
 
 
8.2.2.1. Description 
 
Electrodeposition is a technique used for applying metallic coatings on objects. 
Electrodeposition is based on the principle of electrolysis. Electrolysis is the chemical 
decomposition of substances in solution by the passing of electric current through the 
solution. This current is generated by applying a voltage to two metal objects (called 
electrodes) immersed in the liquid. Current between the electrodes is in the form of moving, 
electrically charged atoms (called ions). Metallic ions are deposited on one of the electrodes. 
This electrode can be the object to be coated. The other electrode can be soluble and made of 
the metal to be deposited. It can regenerate the electrolytic bath. 

 

 
 

Figure 8.11: Inspection of an electrodeposition installation 
 
Main sectors of application: 
 

Metal 
industry 

Depositing of metals for beautification (e.g. gold) or 
resistance (e.g. Teflon) 
Printed circuit (selective plating of copper) 

Chemical 
industry 

Depositing of organic films 

Waste water 
treatment 

Recycling waste waters, removing heavy metals (e.g. 
cadmium, zinc) or precious metals (e.g. silver, gold) 
from waste water. 

 
Table 8.4: Electrodeposition – main sectors of application 

 
8.2.2.2. Energy efficiency / energy savings 
 
The energy needed for electrodeposition treatment of effluent laden with copper, reducing 
copper concentration from 80 mg/l to 2 mg/l, is about 6 kWh per cubic metre. The power 
rating of an electrodeposition system is about 200 W. 
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The efficiency of the technology is very much linked to its good management and use, the 
control of concentration, acidity (pH), re-solubility risk, conductivity, electrode clogging, 
uniformity of the deposit, etc. It is strongly recommended to keep the unit running 
continuously. This prevents the use of a physico-chemical treatment unit, resulting in less 
cost and less pollution. However, this entails some energy waste if the bath is not fed 
regularly.  
 
 
8.2.2.3. Other benefits 
 
Environmental 

• Metals present in liquid waste can be recycled. 
• No chemicals are needed to separate substances. 
• Electrodeposition is more efficient than physical and chemical treatments for liquid 

waste. 
 
Technical 

• Electrodeposition systems can function automatically. 
• There is a reduced use of raw products, thus lower costs. 
• The risk of accidents involving chemicals is low. 

 
Financial 

• Costs depend on the capacity of the unit (50.000 to 150.000 euro). Running costs are 
generally similar to physico-chemical treatments in separation. However, because of 
the reduced use of raw products and reduced waste, costs of production and 
purification are lower. 

 
Miscellaneous 

• Product quality is better. 
 
 
8.2.2.4. Innovation and technological developments in the field 
 
Electrodeposition is used in purification and recycling of metals. Using electrodeposition in 
waste water treatment offers better control of rinse concentrations and waste management in 
general. New electrodes are being developed, that are more resistant, more efficient and 
cheaper.  They are designed for new, specific functions and reactions. An important part of 
research is experimenting with new materials. The MECER process of electro-recycling of 
copper in printed circuits manufacturing has been proposed as BAT (best available technique) 
in the European BREF (BAT Reference document) for Surface treatment. 
 
 
8.2.2.5. Market players 
 
In the following list some examples are given. This list is not representative of all market 
players in the area concerned. 
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Manufacturers  
• Perrier (Vivendi Water)   http://www.vivendiwatersystems.com 
• Adimas     http://www.adimas.com 
• Tribotechnic    http://www.tribotechnic.com 

 
 
8.2.2.6. Example 
 

Name Activity Effluents Cell Results 
CHAMPOISEAU Services for 

chemical and 
metal industries

Surface 
treatment 

baths 

200 W 
9 t/h 

Recycling of metals : copper, 
cadmium, zinc, gold, silver, 
nickel; Recycling of water 

DEUTSCH SA Electric 
connectors 

Surface 
treatment 

baths 

1000 l 
cells 

Recycling of cadmium and 
nickel; Recycling of water 

 
Table 8.5: Electrodeposition - example 

 
 
8.2.2.7. References 
 
[1] L’ENVIRONNEMENT dans les Traitements et Revêtements de Surface – Techniques 

électriques de dépollution – Document EDF INDUSTRIE – Référence 1.42.B-03/97 
[2] EDF Industrie, Traitement de surface : récupération de cuivre par électrodéposition, 

Réf. 1.42.2-00/95 
[3] Les guides de l’innovation « les applications innovantes de l’électrochimie dans 

l’industrie » NOV 606 
[4] Dossier thématique EDF - CFE  « Les électrolyseurs pour la récupération des métaux 

lourds » 
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8.2.3  Electrolysis 
 
 
8.2.3.1. Description 
 
Electrolysis is an industrial process based on the chemical reaction caused by an electric 
current flowing between two metal objects (electrodes) immersed in an electrolyte. An 
electrolyte is a solution (a liquid), consisting of certain substances which are dissolved in a 
solvent (e.g. water). The electrodes are called cathode and anode. A current flows because a 
voltage is applied to the electrodes. 
 
Electric current between the electrodes causes a chemical transformation of the substances in 
solution at the electrodes interfaces. 
An electrolysis installation consists of: 

• an electrolytic vessel containing the components to be transformed, 
• the anode (+ terminal) towards which the negatively charged particles (anions) 

migrate. The chemical reaction, in which the anions take part in, is called oxidation. 
• the cathode (- terminal) towards which the positively charged particles (cations) 

migrate. The reaction, in which the cations take part in, is called reduction. 
In figure 8.13 an outline of an electrolysis system is shown.  
 
In some sectors (e.g. production of aluminium, chlorine and soda) electrolysis has no 
competing technologies. 
 

 
 

Figure 8.12: Electrolysis system 
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Main sectors of application: 
 

Metals Production pure metals such as aluminium, copper, zinc 
and nickel 
Recycling of metals and baths in surface treatment 
Electro-chemical machining, electrorefining 

Chemistry Production of chlorine and soda 
Production of hydrogen 
Organic electrosynthesis 

Miscellaneo
us 

Batteries for electric vehicles 
Restoration of ancient statues or objects 
Reduction of Chemical Oxygen Demand (COD) in 
waste 
Water treatment (tartar or nitrates) 
Electropurification 

 
Table 8.6: Electrolysis – main sectors of application 

 

 
Figure 8.13: Outline of an electrolysis system 

 
 
8.2.3.2. Energy efficiency / energy savings 
 
Some examples of energy consumption of different applications: 

• Energy consumption of treating effluent by means of electro-coagulation is about 2 to 
15 kWh / m3 of effluent. The efficiency of the process depends on the concentration 
and conductivity of the effluent. 

• In aluminium production average energy consumption by electrolysis is 13 MWh / ton 
of aluminium produced. 

• In chloralkali industry average energy consumption by electrolysis is 2.5 MWh / ton 
of soda produced.  
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The efficiency of electrolysis is very much linked to its application (synthesis, coagulation, 
refining, etc.) and to its management and use. For some applications, such as refining of 
metals or production of chlorine, there is no competing technology. For other applications, 
electrolysis has to compete with membrane technology (separation) and chemical treatments 
(separation and recycling). To compare costs and efficiency, all ins and outs have to be taken 
into account. 
 
Electrolysis is the most suitable technique when the concentration of rinse water fluctuates. 
Energy consumption does not depend on the concentration of the effluent, which makes 
electrolysis more reliable and its cost more uniform compared to competing technologies. 
Generally, electrolysis units are also more compact. 
 
 
8.2.3.3. Other benefits 
 
Environmental 

• Metals in liquid waste are recycled. 
• There is no need for additional chemicals to separate substances. 
• Electrolysis systems are more efficient than physical and chemical treatments for 

liquid waste 
 
Technical 

• Electrolysis systems can function automatically. 
• There is a reduced use of raw products, thus lower costs. 
• The risk of accidents involving chemicals is low. 

 
Financial 

• Running costs are generally similar to physico-chemical treatments in separation. 
They can vary between 0.6 and 1.5 euro / m3 due to electricity, soluble electrode and 
additives if necessary. 

• Because of the reduced use of raw products and reduced waste, production cost and 
the cost of waste treatment are low. 

 
 
8.2.3.4. Innovation and technological developments in the field 
 
Possible development: combination of electrolysis and membrane technology to achieve 
better separation of substances or to achieve complementary reactions. Laboratory 
developments: application in waste treatment, development of new electrodes (more resistant, 
cheaper, specific for new functions / reactions). 
 
 
8.2.3.5. Market players 
 
In the following list some examples are given. This list is not representative of all market 
players. 
 

• AFIG FOESSEL    http://www.afigfoessel.fr 
• SEREP     http://www.serep.fr 
• DE NORA     http://www.denora.com 
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8.2.3.6. Example 
 
A production plant (Monsanto) for the synthesis of adiponitrile (an intermediary of nylon) has 
an output of 60.000 t / year. In this plant a double-compartment electrolysis cell was used. Its 
energy consumption was about 6.3 kWh / kg of product. By replacing it with a new one-
compartment cell, energy consumption decreased by 60 %; it is know 2.5 kWh / kg. 
 
 
8.2.3.7. References 
 
[1] Electrochemistry, H. Wendt and G. Kreysa, DUNOD. 
[2] Advances in electrochemistry and electrochemical engineering, H Gerischer and C.W. 

Tobias, ISBN0-471-87881-2. 
[3] Modern Aspects of Electrochemistry, J. O’M. Bockris and A.K.N. Reddy, PLENUM 

Publishing Corporation, ISBN0-306-37037-9. 
[4] Traitement des effluents liquides par électrocoagulation-floculation – Dossier 

d’actualisation du CFE  (Référence : 1.47.B.02/98). 
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8.2.4  Separation by means of membranes 
 
 
8.2.4.1. Description 
 
Membrane technologies are used to separate liquids into two phases. Basically, a membrane 
system consists of an organic or mineral membrane and two channels on each side of this 
membrane. These channels contain a liquid. When a different pressure is maintained in each 
channel, separation of the liquid under the highest pressure occurs. It is separated in 2 liquid 
phases: the retentate, which cannot permeate through the membrane because its molecules 
are too large, and the permeate, which permeates through the membrane, entering the 
channel on the other side of the membrane. For example, nanofiltration can divide lightly 
sugared water in pure water on one side and water containing up to 25% of sugar on the other 
side. In this case, sugar molecules are blocked by the membrane. 
 

 
 

Figure 8.14: Membrane installation 
 
The properties of membranes are the size of the retained particles, their electric charge, and 
the affinity of some constituents for the nature of the membrane. 
 
There are 4 pressure driven membrane technologies: microfiltration (the least selective), 
ultrafiltration, nanofiltration and reverse osmosis (the more selective). There is also 
electrodyalisis, where separation is obtained by means of a constant electric field, used for 
the selective recuperation of metal salts and spent acids. These techniques have in common 
the circulation of the liquid tangentially to the membrane, more elaborate than a simple front 
filtration common in industry. 
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Main sectors of application: 
 

Food 
Industry 

Clearing milk from bacteria 
Extraction of alcohol from beer and clarification of fruit 
juices 

Metals Concentration and purification of the content of surface-
treatment baths 

Leather Concentrating waste of wool or leather washing 

Textile Decolourization of waste dye 

Chemistry Concentrating antibiotics 

Miscellaneo
us 

Making seawater potable (desalinisation) 
Concentrating liquid fractions of landfills 

 
Table 8.7: Separation by means of membranes – main sectors of application 

 
8.2.4.2. Energy efficiency / energy savings 
 
Energy consumption depends on pressure level and salt concentration (for reverse osmosis 
and possibly nanofiltration if salts are retained). For micro- and ultrafiltration, it depends 
mainly on the level of dry or suspended material, the fouling power of the solution. 
 
Some typical values are listed in the table below. For each technique pressure (1 bar is 
approximately equal to atmospheric pressure), flow rate (litres per hour per m² of membrane) 
and energy consumption (kilowatt-hour per m3 of solution) are given. 
 

Technique Pressure   
[bar] 

Flux   
[l/h/m²] 

Energy   
[kWh/m3] 

Microfiltration 0,1 - 3 60 - 600 1 

Ultrafiltration 2 - 7 20 - 150 1 

Nanofiltration 7 - 15 10 - 100 4 

Reverse 
Osmosis 

12 - 60 10 - 30 6 

 
Table 8.8: Separation by means of membranes – typical values 

 
The energy-consumption level usually averages 1 to 5 kWh/m3 of solution treated, which is 
25 times lower than a classical separation technique (evaporation), but in some specific cases 
such as milk treatment by membranes it can go up to 10 or 12 kWh/m3. 
 
Reverse osmosis now competes with ion exchange resins for the demineralisation process of 
purified water, needed in most factories. In combination with an appropriate pre-treatment 
(decolourization, flocculation,), it can be considered as best available technology (BAT). 
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8.2.4.3. Other benefits 
 
Environmental 

• Compared to other separation techniques, membranes require few or no chemicals. 
• In effluent treatment, both permeate and retentate can often be recycled. 
• Tangential circulation instead of frontal filtration prevents fouling of the membrane 

and so diminishes maintenance frequency. 
 
Technical 

• Membrane modules are easy to adapt to the quantity of the product 
 
 
8.2.4.4. Innovation and technological developments in the field 
 
In the near future, low pressure membranes for reverse osmosis will become available on 
the market. At the moment, their performance is situated between that of reverse osmosis and 
nanofiltration, with a rejection level achieving only 80 % instead of a desired 98 %. They can 
be used only for softening underground water, not for desalination of seawater. 
 
Low-fouling membranes are being developed, needing less cleaning and less replacement, 
resulting in lower running costs. 
 
There is a noticeable decrease in investment costs that could go down to -50 % in 3 to 5 
years. 
 
 
8.2.4.5. Market players 
 
In the following list some market players are given. This list is not representative of all 
market players in the area concerned. 
 
Membranes supplier 

• DOW      http://www.dow.com 
• ORELIS     http://www.orelis.com 
• HYDRANAUTICS    http://www.hydranautics.com 

 
Plant supplier 

• APV      http://www.apv.invensys.com 
• DEGREMONT    http://www.degremont.fr 
• ORELIS     http://www.orelis.com 

 
 
8.2.4.6. Example 
 
Cabanon is a food company. One of its activities is the production of sauces. In the past, sauce 
was concentrated by means of evaporation. Energy consumption was about 385 kWh / ton of 
evaporated water. By replacing the evaporator with a reverse-osmosis unit, energy 
consumption was reduced to 15 kWh / ton of extracted water. 
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The company VIDAM installed an ultrafiltration system for liquid waste treatment. The 
effluents contained substances such as oil and HC. This system processes 1.5 t of waste per 
hour. Since this system was installed, the concentration of the effluents has been divided by 
25. Energy consumption is about 10 kWh / m3. The investment cost was 300.000 euro. 
Because certain substances can be recycled, payback time of the investment is 2.5 years. 
 
The more widely spread industrial applications are the production of pure water out of tap 
water or surface water, with reverse osmosis or ultrafiltration, and the treatment of waste 
water with membrane bioreactors. 
 
Prices of membranes are 300 to 600 euro/m² for mineral membranes (replacement every 5-10 
years) and 45 to 100 euro/m² for organic membranes (replacement every 1-3 years). The total 
investment for a turnkey unit would reach 2.300 to 7.500 euros/m² of mineral membranes 
(microfiltration and ultrafiltration only), and 300 to 750 euros/m² of organic membranes. 
 
 
8.2.4.7. References 
 
[1] Membrane separation processes, Patrick MEARES, ELSEVIER. 
[2] Basic principles of membrane technologies, Marcel MULDER, KLUWER Academic 

Publishers. 
[3] Procédés de séparation par membranes, J-P BRUN, éd. MASSON. 
 



Ref. 2004-440-0002  July 2004 111

8.2.5  Refrigeration 
 
8.2.5.1. Description 
 
A refrigeration plant is a thermodynamic machine, used to provide cooling for industrial 
applications. An example is shown in figure 8.15. It is principally made of a compressor, a 
condenser, an expansion valve (a pressure reducer) and an evaporator. These four 
components form a closed loop. A cooling effect is obtained by circulating a fluid with 
special properties through this loop. This liquid is called the refrigerant. While circulating, 
the refrigerant changes phases (liquid / gas) and pressure. It is during these changes that the 
fluid gives or absorbs heat to or from the outside media (or sources), with which it is linked: 
the refrigerating fluid takes heat from the object that is cooled (e.g. air passing through a tube 
system), which gets colder, and gives it back to a hotter object (e.g. the atmosphere), which 
gets hotter. The same principle is used in domestic refrigerators and freezers. 
 
The outline of a cooling system is shown in figure 8.16. Heat is transported from the left side 
to the right, causing a decrease of temperature on the left and an increase on the right. 
 

 
Figure 8.15: An industrial refrigeration system 

 
In a refrigerating plant, only the cold source of the evaporator is used. For low temperatures 
above freezing, compression refrigerating plants compete with absorption plants, which use 
a heat source to produce a cooling effect (natural gas, vapour,). 
 
Main sectors of application: 
 

Food industry Refrigerating, freezing, cooling 

Plastics Cooling of moulds 

Chemistry Cooling of chemical reactors 

Agriculture Cooling of wine in fermentation 

Miscellaneous Cooling systems, heat recuperation 
 

Table 8.9: Refrigeration – main sectors of application 
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Figure 8.16: Outline of a cooling system, showing a compressor, a condenser,  
a pressure reducer and an evaporator. 

 
 
8.2.5.2. Energy efficiency / energy savings 
 
A refrigerating plant with an electric power input of 1 kW has a refrigerating capacity 
between 3 and 7 kW for positive cold (> 0 °C), between 1 and 1.5 kW for negative cold (< 0 
°C). Refrigerating plants are very efficient; they produce more refrigerating power than the 
electric power they consume. In comparison, the Coefficient of Performance (COP; the ratio 
of extracted thermal power to electric power) of a refrigeration plant using absorption 
technology is between 0.5 and 1.2 and often averages 0.7, which is 3 to 5 times less efficient. 
It can only produce positive cold and uses fossil fuels. But it is sometimes still privileged 
thanks to the lower cost of the energy source (gas, steam), or if there is a heat source available 
at very low cost and high temperature (80 to 90°C). 
 
 
8.2.5.3. Other benefits 
 
Environmental 

• The use of CFCs (chlorofluorocarbons) as refrigerant (R12, R11, R114…) is 
forbidden since 2001, HCFCs (R22, R142b...) will be in 2015. HFCs 
(hydrofluorocarbons) (R134a, R404A, R407C, R410A…) and ammonia (R717) are 
the fluids recommended because they have no impact on the ozone layer, although 
HFCs do have an impact on climate change. 

• Globally, refrigerating plants using compression have less impact on the climate 
change than absorption plants using fossil fuels (9 times lower carbon emissions in 
France between compression and absorption, 2 to 3 times in Europe). 

• Because no boilers are used, emissions are low. 
• Refrigerating plants using absorption use 30 to 50 % more cooling water than 

compression plants. 
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Technical 

• Refrigerating plants using compression can produce temperatures down to -50 °C 
when absorption plants can only reach temperatures around 0 °C. However, some 
absorption plants able to produce very low evaporation temperatures (ammonia) start 
to be available. 

 
Financial 

• The investment costs of refrigerating plants using compression vary from 60 to 450 
euro / kW of cooling power and are generally 30 to 50 % cheaper than absorption 
plants. 

• The running costs of refrigerating plants using compression are generally lower (cost 
of energy + COP) than for absorption plants. 

 
 
8.2.5.4. Innovation and technological developments in the field 
 
Research is mainly focused on environment-friendly refrigerants: 

• Research on water as a refrigerant: technological problems (e.g. compression) 
• Development of CO2 as a refrigerant. Some applications in combination with 

ammonia are already available and present a weaker greenhouse effect. 
• Development of cold carriers (glycoled water, ice slurry) to limit the surface of 

exchange, thus risks of leakage, with the refrigerant. A few industrial plants exist in 
milk industry, supermarkets, etc. 

 
 
8.2.5.5. Market players 
 
In the following list some examples are given. This list is not representative of all market 
players. 
 
Manufacturers 

• HCF LENNOX    http://www.davelennox.com 
• TRANE     http://www.trane.com 
• CIAT      http://www.ciat.fr 

 
 
8.2.5.6. Example 
Sica Pom’Alpes, a company located in the French Alps, grows 220 acres of apple trees and 
produces 11 000 tons of apples per year. To keep its products in the best conditions, the 
company already had 8 cold rooms, to which they have added 6 new rooms (capacity: 2*250 
tons + 4* 220 tons). 
 
The new cooling plant (300 kWe) combines energy efficiency and simplicity and flexibility 
of use. Cooling uses indirect technology (less refrigerant is used, it cools glycoled water 
which acts as main cold carrier), floating high pressure (condensation varies with outside 
temperature) and a defrosting system by loop heating (no outside energy). The 14 rooms (new 
and old) are monitored by a centralised technical monitor which gives a good vision and 
control of the process. 
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The coupling of the 4 technologies allows a 15% energy economy, an economy of water and a 
decrease of product loss of 2 % due to better storage conditions, compared to the technology 
that was replaced: a classical heat exchanger. 
 
 
8.2.5.7. References 
 
[1] Conference 1997 in Nancy: Fluid Heating by electric processes. 
[2] Cahier de l’ingénierie, The Cold1997 - 1998. 
[3] Thematic report, Cold applied to plastic, CFE, January 1996 
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8.2.6  Mechanical Vapour Compression 
 
 
8.2.6.1. Description 
 
Mechanical Vapour Compression (MVC), or Recompression (MVR) as it is still commonly 
known, is a concentration process. When a liquid that contains water, is heated, the water 
starts to evaporate, becoming vapour. In this way, the liquid becomes more concentrated. In 
MVC systems heating is achieved by means of vapour: it is produced during the condensation 
process, it is recycled and reheated by mechanical compression. 
 
Figure 8.17 shows an MVC system. An outline of an MVC system is shown in figure 8.18. In 
the separator, vapour is separated from the concentrated liquid. In the compressor, the 
pressure of the vapour is increased, which causes the temperature of the vapour to rise. After 
compression, the vapour passes along tubes through which the liquid to be concentrated 
flows. During this phase of the process, heat is transferred from the vapour to the liquid. The 
compressor and the pump shown in figure 8.18 are the only power-consuming elements. 
There are no electrical heating elements. 
 
Using a continuous arrival of steam in an open cycle to heat the product to be concentrated, 
would be a process using a lot of water and energy. Some of the water could be recycled by 
means of a cooling tower, but this is expensive equipment. In MVC systems the vapour from 
the initially heated product is recycled and used as the heating fluid. Therefore, water and 
energy consumption are lower. 
 

 
 

Figure 8.17: MVC system 
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Main sectors of application: 
 

Food 
Industry 

Concentration of dairy products, fruit juices, 
etc. 
Concentration of effluents 
Crystallisation of sugar 

Metals Concentration of electrolyte 
Concentration and recycling of surface 
treatment baths 

Mechanic Concentration of cutting fluids 

Chemistry Crystallisation, concentration 
Waste heat recovery 

Textile Concentration of liquid dyeing waste 

Paper Black liquor concentration 

Miscellaneo
us 

Desalinisation of sea water, concentration of 
waste 

 
Table 8.10: Mechanical Vapour Compression – main sectors of application 

 

 
 

Figure 8.18: Outline of a mechanical vapour compression system 
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8.2.6.2. Energy efficiency / energy savings 
 
A mechanical vapour compression system uses 10 to 40 times less energy than a classical 
vapour heating system. Average consumption is about 15 - 80 kWh / tew (Ton of Evaporated 
Water) (compressor + pump) in contrast to alternative systems: 

• 700 kWh th / tew for a basic evaporator + 4 kWh / tew (pump) 
• 250 kWh th / tew for a three-stage installation + pump (320 kg steam) 
• 150 - 250 kWh / tew for an evaporator with heat pump for small capacities (< 1 t / h), 

which is very sensitive to corrosive products. Because it operates at lower 
temperatures (35 °C) it is more suitable for thermosensitive products. 

 
The combination of a multiple-stage system with an MVC system divides the energy 
consumption by the number of effects, so consumption of 10 to 25 kWh / tew can be 
achieved. 
 
 
8.2.6.3. Other benefits 
 
Environmental 

• Because water is recycled, less water is consumed. 
• No cooling water is needed (in contrast to classical systems) 
• Vapour in an MVC system can contain certain chemicals. Because vapour is recycled, 

less of these chemicals are emitted. Therefore, fewer odours are generated on-site. 
• Low water consumption. The condensate (condensed vapour) can be recycled as 

cooling water, washing water or process water. 
 
Technical 

• Blowers are simpler, cheaper and more robust than turbo-compressors. 
 
Financial 

• Return on investment is about 1 to 2 years (energy savings / plant cost). The 
investment cost of an MVC system competes with the cost of a classical multiple-
effect evaporator. It is more expensive than a single effect, but this type is very rarely 
used in industry. 

 
 
8.2.6.4. Innovation and technological developments in the field 
 
Two main laboratory developments soon to be used in industry: 

• A blower made of composite, which is lighter and larger, having the same 
characteristics as a turbocompressor. The investment and the operating costs are lower 
(EDF in partnership with Fläkt-Solyvent-Ventec). 

• Coupling of MVR with a conductive drier to dry liquid waste (EDF). 
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8.2.6.5. Market players 
 
In the following list some examples are given. This list is not representative of all market 
players. 
 
Manufacturers 

• ALFA LAVAL   http://www.alfalaval.com 
• ENTROPIE    http://www.entropie.com 
• HADWACO    http://www.hadwaco.com 

 
 
8.2.6.6. Example 
 
A company producing wool (TOSSEE) has an installation for washing wool. It produces 
800.000 l of waste water per day. 25 t of wool are washed each hour. To treat the water, a 
mechanical vapour compression system was installed, costing 4.000.000 euro. It consumes 45 
kWh per tonne of evaporated water. 
 
70 % of the concentrate can be sold as fertiliser. Pollution costs were divided by 10 and 
because of the new possibility of recycling water, water consumption was divided by 2. 
Annual savings are about 200.000 euro per year. 
 
 
8.2.6.7. References 
 
[1] La Compression Mécanique de Vapeur, dossier n°4, EDF INDUSTRIE, réf. 1.52-1-14/9 
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