Method and definitions

Objective
The objective of life cycle assessments (LCA) is to analyze the environmental performance of products and, for OSRAM, to compare different lamp types regarding their total environmental impact throughout the entire life cycle. For this, the primary energy consumption of each product is calculated as the most important indicator. Furthermore, the impact on the environment is evaluated in specific categories.

Method
The method for life cycle assessments is based on the international standards ISO 14040 and 14044. The standard ISO 14040 describes the principles and framework for the life cycle assessment whereas the standard ISO 14044 specifies requirements and provides guidelines for the individual phases of the LCA.

The relevant data for the life cycle analyses was either collected or taken from existing studies combined with OSRAM data sheets. Furthermore, process and raw materials data was extracted from the databases “GaBi” and “Umberto” whenever possible. These are databases specifically used for life cycle analyses.

· International standard ISO 14040 

· International standard ISO 14044 

The life cycle stages

Life cycle stages 

A product life cycle consists of five different stages as depicted in the figure below. The results of an LCA allow for conclusions not only on the primary energy input but also on environmental impacts such as the greenhouse effect, acidification, eutrophication, photochemical ozone depletion, human toxicity and resource consumption. The aim of analyzing the life cycle stages individually is to find out what impacts the lamps have during each stage, and how these rank in comparison to each other.

Resources
The data of this life-cycle stage usually involves the extraction of natural resources, transport to the processing sites and refining to usable materials. All materials are carefully chosen to fulfil technical requirements in order to optimize both, production processes and the finished product.

Manufacturing

This stage covers the energy, materials and suppliers required for the production processes and assembly of a lamp at the OSRAM factory. In addition, the packaging materials of supplier products and the recycling or disposal of resulting waste was considered in the LCA study.

Transport

This stage encompasses all transportation processes within the manufacturing phase, including the transport of the final product to the customer. However, in some analyses, transport may represent such a small impact that it is simply included in other stages.

Use

The use stage is the phase during which the product is used for its intended purpose. For OSRAM lighting products, it is modelled simply as using energy and giving light. Thus, for OSRAM products it is the most influential life cycle stage as it requires more than 98,5 % of the primary energy over the entire life cycle. A possible positive 'heating' effect of the lamp is balanced out by the fact that in warmer climates this heat must be removed from a building by air conditioning. The emissions from the use phase result only from electricity production.

End of life

The “end of life” stage includes recycling and/or incineration of the materials of the lamps. For OSRAM products, this stage is virtually insignificant, especially as energy used for recycling usually balances against energy saved from not having to produce the recycled material from scratch.

As already outlined above, the use phase is responsible for more than 98 % of the energy consumption and thus has the greatest environmental impact. With less than 2 %, all other stages have a comparatively minor impact. Hence, on the following pages these are summarized under 'manufacturing'.

The primary energy demand
Primary energy is the energy embodied in natural resources like coal, oil or sunlight that has not yet undergone any anthropogenic transformation. The primary energy demand, also Cumulated Energy Demand (CED), summarizes the energy needed for the different stages of the life cycle. The use of primary energy can be measured in megajoule (MJ) or kilowatthours (kWh). Due to conversion and transmission losses, approximately 3.3 kWh or 11.84 MJ of primary energy are needed to produce 1 kWh of electricity, concerning the European average electricity mix.

The environmental impact categories
In order to assess the environmental influence of OSRAM products, several environmental impact categories, addressing impacts on air, soil and resources, may be chosen for life cycle analyses.

Life cycle environmental impact categories

Main categories

The following environmental impact categories can be consistently found in our analyses. Hence, these categories were analyzed for all OSRAM product assessments.

Global Warming Potential (GWP)
The Global Warming Potential is an index to measure the contribution to global warming of a substance that is released into the atmosphere. The GWP is impacted mainly by the emission of greenhouse gases, i.e. carbon dioxide (CO2) and methane (CH4). It was calculated for a time frame of 100 years. The GWP is measured in CO2 equivalents.

Acidification Potential (AP)
The Acidification Potential calculates the loss of the nutrient base (calcium, magnesium, potassium) in an ecosystem, and its replacement by acidic elements caused by atmospheric pollution. Acidification originates from the emissions of sulfur dioxide and nitrogen oxides. Here the AP is dominated by nitrogen (NO2) and sulfur dioxide (SO2) emissions. In the atmosphere, these oxides react with water vapor and form acids which fall down to the earth in the form of rain or snow, or as dry depositions. This affects soils, waters, flora and fauna, and can even damage building materials. The resultant ‘acid rain’ is best known for the damage it causes to forests and lakes. AP is measured in SO2 equivalents.

Eutrophication Potential (EP)
Eutrophication originates mainly from nitrogen and phosphorus in sewage outlets and fertilizers. Basically, EP is the build-up of a concentration of chemical nutrients in an ecosystem which leads to abnormal productivity. For example, this causes excessive plant growth like algae in rivers which causes severe reductions in water quality and animal populations. EP is measured in phosphate (PO43-) equivalents.

Other categories

Beside the above-mentioned environmental impact categories, which are consistently found in our analyses, a multitude of other impacts have also been scientifically discussed. These impact categories were not analyzed for all OSRAM product assessments.

Photochemical Ozone Creation Potential (POCP)
Ozone is protective in the stratosphere, but on the ground-level it is toxic to humans in high concentration. Photochemical ozone, also called “ground level ozone”, is formed by the reaction of volatile organic compounds and nitrogen oxides in the presence of heat and sunlight. The POCP depends largely on the amounts of carbon monoxide (CO), sulfur dioxide (SO2), nitrogen oxide (NO), ammonium and NMVOC (nonmethane volatile organic compounds). POCP, also known as summer smog, is measured in ethene and NOx equivalents.

Human Toxicity Potential (HTP)
The Human Toxicity Potential, a calculated index that reflects the potential harm of a unit of chemical released into the environment, is based on both the inherent toxicity of a compound and its potential dose. These by-products, mainly arsenic, sodium dichromate, and hydrogen fluoride, are caused, for the most part, by electricity production from fossil sources. These are potentially dangerous chemicals to humans through inhalation, ingestion, and even contact. Cancer potency, for example, is an issue here. HTP is measured in 1,4-dichlorobenzene equivalents.

Abiotic Depletion Potential (ADP)
This impact category records the abiotic resource consumption. The value of the abiotic resource consumption of a substance (e.g. lignite or coal) is a measure of the scarcity of a substance. That means it depends on the amount of resources and the extraction rate. ADP is represented by natural gas, hard coal, lignite, and crude oil. It is formed by the amount of resources that are depleted and measured in antimony equivalents.

Particulate Matter (PM)
Particulate Matter is a complex mixture of extremely small particles. Particle pollution can be made up of a number of components, including acids (such as nitrates and sulfates), organic chemicals, metals, and soil or dust particles. A multitude of health problems, especially of the respiratory tract, are linked to particle pollution. PM is measured in PM10 equivalents, i.e. particles with a size of 10 µm.

The following pages provide information on the individual life cycle assessments of different OSRAM products. Please note that most of the environmental impact categories are only stated for the production process. The environmental impact of the use phase is very much dependent on the electricity mix where the product is used, i.e. the share of renewable energy or coal power.

Life Cycle Analysis of an OSRAM incandescent lamp
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 Product name  CLASSIC A CL 40
Average lifetime  1 000 h
Lumen  415
Watt  40

The classical incandescent bulb has been in use ever since Thomas Edison turned it into a product for the masses inthe early 1900s. It is a thermal radiator in which electricity flows through a tungsten wire filament in an enclosedglass bulb that is completely evacuated or filled with an inert gas. The light is produced by the wire heating up toapproximately 2600 to 3000 Kelvin.

	Material Composition

	Glass
	20.54 g
	87.05 %

	Ferrous metal
	0.084 g
	0.36 %

	Aluminum
	1.15 g
	4.87 %

	Non-ferrous metal (ex. Al)
	0.2095 g
	0.89 %

	Cement
	1.45 g
	6.14 %

	Plastic
	-
	-

	Electronic components
	-
	-

	Resin compound
	-
	-

	Mercury
	-
	-

	Other (incl. special chem.)
	0.163 g
	0.69 %

	Total
	23.6 g
	100 %


Environmental impact of production
The following table depicts the environmental impact of the incandescent lamp during production, including the Cumulated Energy Demand (CED) of this life cycle stage.

	Environmental Impacts

	Cumulated Energy Demand (CED)
	MJ
	2,2032

	Global Warming Potential (GWP)
	kg CO2 eq.
	0,14

	Acidification Potential (AP)
	kg SO2 eq.
	0,0004

	Eutrophication Potential (EP)
	kg PO4 eq.
	0,00004

	Photochemical Ozone Creation Potential (POCP)
	kg ethene eq.
	0,000036

	Human Toxicity Potential (HTP)
	kg DCB eq.
	0,0208

	Abiotic Depletion Potential (ADP)
	kg Sb eq.
	0,0008


Cumulated Energy Demand of the use phase
The Cumulated (primary) Energy Demand during the use phase is calculated from the wattage of the lamp, its average lifetime and the energy mix.

	Calculation of the CED

	1
	Electrical power consumption during life
	40 WEl • 1000 h = 40 000 Wh = 40 kWhEl

	2
	Energy mix
(includes average power plant efficiency)
	1 kWhEl requires 3.29 kWhPrim

	3
	Cumulated Energy Demand
	40 kWhEl • 3.29 = 131.6 kWhPrim = 473.8 MJ


CED and global warming potential of the use and manufacturing phase
The graphs below outline the Cumulated Energy Demand and the Global Warming Potential of the use phase in comparison to the manufacturing phase. For the calculation of the CO2 emissions resulting from the use phase, an electricity mix of 0.55 kg CO2 per kWhEl was taken as a basis. Of course electricity production during use is also responsible for other environmental impact categories, but this depends very much on where the lamp is used. For this reason we have only depicted the CO2 impact, which may also vary depending on the location of use.

Equally depending on the electricity mix, the usage of an incandescent lamp may be responsible for mercury emissions. This is due to the comparatively high ratio of coal power plants in some electricity mixes, which emit mercury by burning lignite or hard coal to produce electricity.





Cumulated energy demand and global warming potential of a CLASSIC A CL 40 

Applicability of this Life Cycle Analysis

The main purpose of this life cycle analysis is to compare the incandescent lamp with more efficient light sources. In fact, the LCA of this lamp can be seen as a representation of all incandescent lamps. Due to the very similar material composition of these lamps, the Cumulated Energy Demand of the production is approximately the same for all types. For the use phase, it is merely necessary to recalculate the Cumulated Energy Demand based on the wattage of the lamps, according to the three steps illustrated in the table above.

Life Cycle Analysis of an OSRAM halogen lamp
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 Product name  HALOGEN CLASSIC A ECO
Average lifetime  2 000 h
Lumen  630
Watt  42

Halogen lamps operate similarly to incandescent lamps and have a comparable design. Like incandescent lamps, they provide a color rendering index of 100 %. However, the filler gas of halogen bulbs contains small quantities of halogens such as bromine, chlorine and iodine. These almost entirely prevent bulb blackening from the deterioration of the filament and prolong lifetime. This way, there is no associated loss in luminous flux during lamp life. In addition, by using quartz instead of glass, the bulbs of halogen lamps can be made much smaller and the pressure of the filler gas can be increased, which enables the lamp life to be extended.

	Material Composition

	Glass
	20.81 g
	85.96 %

	Ferrous metal
	0.37 g
	1.53 %

	Aluminum
	1.17 g
	4.83 %

	Non-ferrous metal (exc. Al)
	0.37 g
	1.53 %

	Cement
	1.45 g
	5.99 %

	Plastic
	-
	-

	Electronic components
	-
	-

	Resin compound
	-
	-

	Mercury
	-
	-

	Other (incl. special chem.)
	0.04 g
	0.17 %

	Total
	24.21 g
	100 %


 Environmental impact of production
The following table depicts the environmental impact of the halogen lamp during production, including the Cumulated Energy Demand (CED) of this life cycle stage.

	Environmental Impacts

	Cumulated Energy Demand (CED)
	MJ
	5,5

	Global Warming Potential (GWP)
	kg CO2 eq.
	0,3285

	Acidification Potential (AP)
	kg SO2 eq.
	0,0007548

	Eutrophication Potential (EP)
	kg PO4 eq.
	0,00006508

	Photochemical Ozone Creation Potential (POCP)
	kg NOx eq.
	0,0004814

	Particulate Matter (PM)
	kg PM10 eq.
	0,0001971


 Cumulated energy demand of the use phase
The Cumulated (primary) Energy Demand during the use phase is calculated from the wattage of the lamp, its average lifetime and the energy mix.

	Calculation of the CED

	1
	Electrical power consumption during life
	42 WEl • 1000 h = 42 000 Wh = 42 kWhEl

	2
	Energy mix
(includes average power plant efficiency)
	1 kWhEl requires 3.29 kWhPrim

	3
	Cumulated Energy Demand
	42 kWhEl • 3.29 = 138.2 kWhPrim = 497.5 MJ


 CED and global warming potential of the use and manufacturing phase
The graphs below outline the Cumulated Energy Demand and the Global Warming Potential of the use phase in comparison to the manufacturing phase. For the calculation of the CO2 emissions resulting from the use phase, an electricity mix of 0.55 kg CO2 per kWhEl was taken as a basis. Of course electricity production during use is also responsible for other environmental impact categories, but this depends very much on where the lamp is used. For this reason we have only depicted the CO2 impact, which may also vary depending on the location of use.

Equally depending on the electricity mix, the usage of a halogen lamp may be responsible for mercury emissions,although less than incandescent lamps. This is due to the comparatively high ratio of coal power plants in some electricity mixes, which emit mercury by burning lignite or hard coal to produce electricity.





Cumulated energy demand and global warming potential of a HALOGEN CLASSIC A ECO 

Applicability of this Life Cycle Analysis

The main purpose of this life cycle analysis is to provide a basis for comparing different types of household lamps. As halogen lamps are still very popular with customers concerned with perceived drawbacks of more efficient light sources, they are an important part of our portfolio geared to customer choice. The LCA of this lamp can be seen as a representation of all halogen lamps. Due to the very similar material composition, the Cumulated Energy Demand of production is approximately the same for all types. For the use phase, it is merely necessary to recalculate the Cumulated Energy Demand based on the wattage of the lamps, according to the three steps illustrated in the table above.

Life Cycle Analysis of an OSRAM compact fluorescent lamp
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 Product name  DULUX Superstar Classic A*
Average Lifetime  10 000 h
Lumen  400
Watt  8
* Comparable product in today´s product range: DULUXSTAR STICK
Compact fluorescent lamps are low pressure gas discharge lamps in which the invisible UV radiation generated by the discharge process is converted into visible radiation, i.e. light, with the aid of phosphors. An electronic control gear is integrated into the base of the lamp and controls all aspects of lamp operation. Compact fluorescent lamps are among the most efficient household lamps.

	Material Composition

	Glass
	17.79 g
	40.78 %

	Ferrous metal
	0.5 g
	1.15 %

	Aluminum
	-
	-

	Non-ferrous metal (exc. Al)
	0.0133 g
	0.03 %

	Cement
	2.84 g
	6.51 %

	Plastic
	9.93 g
	22.76 %

	Electronic components
	12.24 g
	28.06 %

	Resin compound
	-
	-

	Mercury
	0.0025 g
	0.01 %

	Other (incl. special chem.)
	0.31 g
	0.71 %

	Total
	43.63 g
	100 %


Environmental impact of production

The following table depicts the environmental impact of the compact fluorescent lamp during production, including the Cumulated Energy Demand (CED) of this life cycle stage.

Compact fluorescent lamps are often the subject of public scrutiny as they contain minute amounts of toxic mercury. However, these lamp types are intended to be recycled after use, which prevents the mercury from polluting the environment. For this reason, the mercury content is not included in this life cycle analysis. The examined lamp contains 2.5 mg mercury, but this should be considered in relation to the mercury emissions of other lamp types during use.

	Environmental Impacts

	Cumulated Energy Demand (CED)
	MJ
	14,688

	Global Warming Potential (GWP)
	kg CO2 eq.
	0,88

	Acidification Potential (AP)
	kg SO2 eq.
	0,0048

	Eutrophication Potential (EP)
	kg PO4 eq.
	0,00024

	Photochemical Ozone Creation Potential (POCP)
	kg ethene eq.
	0,00028

	Human Toxicity Potential (HTP)
	kg DCB eq.
	0,284

	Abiotic Depletion Potential (ADP)
	kg Sb eq.
	0,0052


 Cumulated Energy Demand of the use phase
The Cumulated (primary) Energy Demand during the use phase is calculated from the wattage of the lamp, its averagelifetime and the energy mix.

	Calculation of the CED

	1
	Electrical power consumption during life
	8 WEl • 1000 h = 8 000 Wh = 8 kWhEl

	2
	Energy mix
(includes average power plant efficiency)
	1 kWhEl requires 3.29 kWhPrim

	3
	Cumulated Energy Demand
	8 kWhEl • 3.29 = 26.3 kWhPrim = 94.8 MJ


 CED and Global Warming Potential of the use and manufacturing phase

The graphs below outline the Cumulated Energy Demand and the Global Warming Potential of the use phase in comparison to the manufacturing phase. For the calculation of the CO2 emissions resulting from the use phase, an electricity mix of 0.55 kg CO2 per kWhEl was taken as a basis. Of course electricity production during use is also responsible for other environmental impact categories, but this depends very much on where the lamp is used. For this reason we have only depicted the CO2 impact, which may also vary depending on the location of use.

Equally depending on the electricity mix, a compact fluorescent lamp may also be responsible for mercury emissions during use. This is due to the comparatively high ratio of coal power plants in some electricity mixes, which emit mercury by burning lignite or hard coal to produce electricity. Nevertheless, in comparison to incandescent and halogen lamps, compact fluorescent lamps are associated with far less mercury emissions during use. This is due to their energy efficiency which is responsible for saving up to 80 % of electricity and thus for reducing mercury emissions resulting from electricity production by coal power plants. In many regions of the world, the mercury thus 'saved' is more than contained in a compact fluorescent lamp.





Cumulated energy demand and global warming potential of a DULUX Superstar Classic A 

Applicability of this Life Cycle Analysis

In contrast to incandescent and halogen lamps, different types of compact fluorescent lamps may indeed have different impacts during production. In general, compact fluorescent lamps with a higher wattage require longer glass tubes for the discharge process and may contain more complex electronics. For example, a complex, high-wattage lamp may weigh twice as much as the analyzed lamp. However, the use phase continues to be the most influential life cycle stage with the greatest impact, so it is much more important to calculate the effect of this phase. For this purpose, it is merely necessary to recalculate the Cumulated Energy Demand based on the wattage of the lamps, according to the three steps illustrated in the table above.

Life Cycle Analysis of an OSRAM light-emitting diode lamp

[image: image7.jpg]2




 Product name  PARATHOM CLASSIC A
Average lifetime  25 000 h
Lumen  345
Watt  8

· OSRAM product catalog: PARATHOM CLASSIC A 

A light-emitting diode (LED) is a semiconductor diode that emits narrow-spectrum light. Depending on the usedmaterial, LED are able to emit light in different colors. To produce white light, the light of blue LED is passedthrough yellow phosphors, whose composition determines the final color temperature. To make LED usable in householdfixtures, several LED are combined with an electronic control gear in a bulb-shaped form. By selecting appropriatewhite LED, it is possible to offer LED systems with the same light colors as fluorescent lamps. Due to their remarkablylow energy consumption, their extremely long life and their low maintenance cost, LED lamps are the most efficienthousehold lamps.

	Material Composition

	Glass
	 1.85 g
	1.06 %

	Ferrous metal
	0.28 g
	0.16 %

	Aluminum
	71 g
	40.55 %

	Non-ferrous metal (exc. Al)
	5.15 g
	2.94 %

	Cement
	-
	-

	Plastic
	27.33 g
	15.61 %

	Electronic components
	29.5 g
	16.85 %

	Resin compound
	40 g
	22.84 %

	Mercury
	-
	-

	Other (incl. special chem.)
	-
	-

	Total
	175.11 g
	100 %



Environmental impact of production
The following table depicts the environmental impact of the LED lamp during production, including the Cumulated Energy Demand (CED) of this life cycle stage.

	Environmental Impacts

	Cumulated Energy Demand (CED)
	MJ
	35,64

	Global Warming Potential (GWP)
	kg CO2 eq.
	2,4

	Acidification Potential (AP)
	kg SO2 eq.
	0,017

	Eutrophication Potential (EP)
	kg PO4 eq.
	0,0008

	Photochemical Ozone Creation Potential (POCP)
	kg ethene eq.
	0,0013

	Human Toxicity Potential (HTP)
	kg DCB eq.
	0,94

	Abiotic Depletion Potential (ADP)
	kg Sb eq.
	0,013


 Cumulated energy demand of the use phase
The Cumulated (primary) Energy Demand during the use phase is calculated from the wattage of the lamp, its average lifetime and the energy mix.

	Calculation of the CED

	1
	Electrical power consumption during life
	8 WEl • 1000 h = 8 000 Wh = 8 kWhEl

	2
	Energy mix
(includes average power plant efficiency)
	1 kWhEl requires 3.29 kWhPrim

	3
	Cumulated Energy Demand
	8 kWhEl • 3.29 = 26.3 kWhPrim = 94.8 MJ


 CED and global warming potential of the use and manufacturing phase
The graphs below outline the Cumulated Energy Demand and the Global Warming Potential of the use phase in comparison to the manufacturing phase. For the calculation of the CO2 emissions resulting from the use phase, an electricity mix of 0.55 kg CO2 per kWhEl was taken as a basis. Of course electricity production during use is also responsible for other environmental impact categories, but this depends very much on where the lamp is used. For this reason we have only depicted the CO2 impact, which may also vary depending on the location of use.

Equally depending on the electricity mix, an LED lamp may also be responsible for mercury emissions during use. This is due to the comparatively high ratio of coal power plants in some electricity mixes, which emit mercury by burning lignite or hard coal to produce electricity. Nevertheless, in comparison to incandescent and halogen lamps, LED lamps are associated with far less mercury emissions during use. This is due to their high energy efficiency which is responsible for saving up to 80 % of electricity and thus for reducing mercury emissions resulting from electricity production by coal power plants. Thus, LED lamps offer the lowest possible mercury impact on the environment.





Cumulated energy demand and global arming potential of a PARATHOM CLASSIC A 

Applicability of this Life Cycle Analysis

Similar to compact fluorescent lamps, different types of LED lamps have different impacts during production. Due to the dynamic development of LED lamps, a generalization for the relationship between light output and impact of production is very difficult. However, the use phase continues to be the most influential life cycle stage with the greatest impact, so it is much more important to calculate the effect of this phase. For this purpose, it is merely necessary to recalculate the Cumulated Energy Demand based on the wattage of the lamps, according to the three steps illustrated in the table above.

