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Abstract1
The increased awareness of the importance of environmental protection, and the possible impacts
associated with products, both manufactured and consumed, has increased interest in the
development of methods to better understand and address these impacts.
LCA addresses the environmental aspects and potential environmental impacts (e.g. use of resources
and environmental consequences of releases) throughout a product's life cycle from raw material
acquisition through production, use, end-of-life treatment, recycling and final disposal.
The purpose with this LCA screening is to have an accurate basis to develop the right actions to
minimise the environmental burden of the lamp-post product and develop a communication material
on environmental performance. Another intention is to gain deeper knowledge about the product and
its life cycle.
The studied product is a lamp-post system made of high-tensile cold rolled steel produced by
Northcone. The name of the product is Northcone 8m lamp-post system. This product will be
compared with a standard lamp-post system made of hot rolled galvanized steel in this report called
standard galvanized lamp-post system. The assessment includes all stages of a life cycle: raw
material extraction, transportation, production, use and end-of-life.
The Northcone traffic light post is made by 2mm thick high tensile cold rolled steel. The steel is
covered on both sides with a 20µm thick anticorrosion layer made of 93,5% zinc, 3,5% aluminium and
3% magnesium. The weight of the steel is 39,4kg.
The standard lamp-post in Sweden is made of pipe shaped galvanised steel. The steel is 3,6mm thick
and covered with a 70µm layer of zinc. The weight of the steel is 74,8kg.
The result will be calculated using three different impact assessment methods: ReCiPe Midpoint and
Endpoint method to get an overall assessment and weighted result, the climate impact, kg CO2 eq.,
will be calculated using the method IPCC GWP 100 and a toxicological assessment will be done using
the USEtox method.
The total result of the entire life cycle for the two types of lamp-post systems shows that the standard
lamp-post system has 36% bigger environmental effect than the Northcone variety. The overall result
and the contributing part of the different components used in the lamp-post systems can be seen in
Figure 1 and the result from the different impact assessment methods can be seen in Table 1.

Figure 1: Comparison conventional versus Northcone with Recipe Endpoint (H) V1.07 / Europe ReCiPe
H/A.
1
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Impact assessment method

Unit

ReCiPe Endpoint
IPCC GWP 100a
USETox Ecotoxicity

Pt
Kg CO2 eqv
CTUe

Total NC Lamp-post
system
40,8
323
1118

Total Standard lamp-post
system
55,3
374
2198

Difference in %
36%
16%
97%

Table 1, show a comparison of the result using different impact assessment methods.

The lower weight of the Northcone lamp-post system is the parameter that gives it an environmental
advantage comparing to standard galvanized lamp-post systems. When observing the result it is
obvious that the steel raw material and processing is the most contributing factor to the overall
environmental effect of the two lamp-post systems. Therefore gives the higher mass of steel in the
standard lamp-post system also a higher total environmental load.
The effect of the low weight is almost exclusively in the raw material phase. The effect of the lower
weight is small when it comes to transportation and installation.
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1.

Introduction and methodological framework

The increased awareness of the importance of environmental protection, and the possible impacts
associated with products, both manufactured and consumed, has increased interest in the
development of methods to better understand and address these impacts. One of the techniques
being developed for this purpose is life cycle assessment (LCA).

Figure2: The concept of Life Cycle Assessment.

LCA can assist in
- identifying opportunities to improve the environmental performance of products at various points in
their life cycle,
- informing decision-makers in industry, government or non-government organizations (e.g. for the
purpose of strategic planning, priority setting, product or process design or redesign),
- the selection of relevant indicators of environmental performance, including measurement
techniques,
- marketing (e.g. implementing an eco labeling scheme, making an environmental claim, or
producing an environmental product declaration).
LCA addresses the environmental aspects and potential environmental impacts (e.g. use of resources
and environmental consequences of releases) throughout a product's life cycle from raw material
acquisition through production, use, end-of-life treatment, recycling and final disposal (i.e. cradle-tograve). The life cycle follows a core, around which boundaries are drawn depending on how peripheral
the issues are. It is described in Figure 3.

-

System boundary 1: Material composition
for the component, manufacturing and
assembly.

-

System boundary 2: Production of
material, energy and transport.

-

System boundary 3: Acquisition of raw
materials and production of energy.

Figure 3. LCA system boundaries of manufacturing.
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1.1 ISO 14040
In 1997, the European Committee for Standardization published their first set of international
guidelines for the performance of LCA. This ISO 14040 standard series has become widely accepted
amongst the practitioners of LCA and is continuously being developed along with progressions within
the field of LCA (Rebitzer et al. 2003).

Figure 4. The four phases of Life Cycle Assessment

There are four phases in an LCA study:
1. The goal and scope definition phase
This phase depends on the subject and the intended use of the study. The depth and the breadth of
LCA can differ considerably depending on the goal of a particular LCA.
2. The inventory analysis phase (LCI)
The inventory analysis phase is an inventory of input/output data with regard to the system being
studied. It involves the collection of the data necessary to meet the goals of the defined study.
3. The impact assessment phase (LCIA)
The purpose of the life cycle impact assessment phase is to provide additional information to help
assess a product system’s LCI results so as to better understand their environmental significance.
4. The interpretation phase.
In the Life cycle interpretation the results of an LCI or an LCIA, or both, are summarized and
discussed as a basis for conclusions, recommendations and decision-making in accordance with the
goal and scope definition.
Find more about the methodological framework and ISO 14 040 in Appendix 1.
Miljögiraff combines the confidence and objectiveness of the strong and accepted ISO standard, with
the scientific and reliable data from Ecoinventref 4 and with SimaProref 23, the world leading LCA
software, for calculation and modeling.
All general data will be represented with generic data from Ecoinvent. Data from Ecoinvent is always
rewieved by thrid party and is today the biggest and most trusted database with LCI data.
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Figure 5, ISO standard combined with reliable data from Ecoinvent and SimaPro.
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2. Goal and Scope
Find more about Goal and Scope in Appendix 2.

2.1 Goal of the study
The purpose with this LCA screening is to have an accurate basis to develop the right actions to
minimise the environmental burden of the lamp-post product and develop a communication material
on environmental performance. Another intention is to gain deeper knowledge about the product and
its life cycle.
The goal is to gain knowledge about the environmental effects and to identify the environmental “hot
spots” associated with the life cycle of one traffic light made of from the company Northcone. With this
knowledge, product developers are able to focus on measures that result in highest environmental
improvement.
The LCA result of the environmental performance will be compared with the environmental
performance of a standard traffic light in Sweden today. These two products will be compared to be
able to point out and communicate advantages or disadvantages with the different products.

2.2 Scope of the Study
2.2.1 Name and Function of the Product
The studied product is a lamp-post system made of high-tensile cold rolled steel produced by
Northcone. The name of the product is Northcone 8m lamp-post system. This product will be
compared with a standard lamp-post system made of hot rolled galvanized steel in this report called
standard galvanized lamp-post system.
The assessment includes all stages of a life cycle: raw material extraction, transportation, production,
use and end-of-life.
Northcone is a company producing steel-posts for several different products.

2.2.2 The Functional Unit
The functional unit (FU) is an 8m lamp-post with no arm with a lifetime of 20 years.

2.2.3 System Boundary
System boundary defines product life cycle and which processes that are included. All processes
inside system boundary will contribute to the overall environmental effect of the product and vice versa
will processes outside system boundary not contribute.
Figure 6, show the system boundary for Northcone lamp post system and the components included
and to which life cycle phase they belong. In every process there is an input of energy and material
and an output of waste and emissions. The dotted line in Figure 4 shows the system boundary
chosen.
The system boundary is chosen in a way to include all contributing processes for the system but in the
same time get a manageable system, therefore there might be reason to exclude some of the more
peripheral processes contributing with minimal environmental effect.
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Figure 6. Northcone lamp-post system boundaries and life cycle phases.

In this LCA, boundaries with other systems, and the allocation of environmental burdens between
them, are based on the recommendations of the international EPD system, ISO14040 and ISO14044
standards (IEC, 2008). In accordance with these recommendations, the Polluter Pays (PP) allocation
method is applied. For allocation of environmental burdens when incinerating waste, this implies that
all of the processes in the waste treatment phase, including emissions from the incineration are
allocated to the life cycle in which the waste is generated. Following procedures for refining of energy
or materials used as the input in a following/receiving process, are allocated to the next life cycle. Se
Figure 19 in Appendix 2. In this particular case that means that the system boundary is drawn right
before re melting and material recycling the steel and the benefits and burdens of this are allocated to
the next life cycle.
The energy usage in the usage phase and the lamps and electronics will be excluded in this study.

2.2.4 LCIA Methodology
The result will be calculated using the ReCiPe Midpoint and Endpoint method. The ReCiPe method
involves two stages of mechanism. The first stage is called Midpoint and calculates how much an
'environmental aspect' contributes to a specific 'environmental effect'. An environmental aspect is an
activity that might contribute to an environmental effect, for example “electricity usage”. An
environmental effect might influence the environment negatively (Environmental impact), for example,
“Acidification”, “Eutrophication” or “Climate change”. The resulting environmental impact is the
generated damage on a value we want to protect, for example damage on human health, biological
diversity etc.
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Stage two in ReCiPe is called the Endpoint and calculates together all the results from stage one to
create a summary result where each 'environmental effect' category is given a score.
In Appendix 4 there is a more detailed description of ReCiPe.
The climate impact will be calculated using the method IPCC GWP 100. This method was chosen
because it is the most well recognised scientific method to calculate Climate Change Potential.
A toxicological assessment will be done using the USEtox method. The USEtox model to create
consensus on LCIA toxicity characterization factors has been developed by a team of researchers
from the Task Force on Toxic Impacts under the UNEP-SETAC Life Cycle Initiative.
The impact categories are:
- Human toxicity, cancer
- Human toxicity, non-cancer
- Ecotoxicity
The characterisation factor for human toxicity (Human Toxicity Potential) is expressed in Comparative
Toxic Units (CTUh), providing the estimated increase in morbidity in the total human population per
unit mass of a chemical emitted (cases/kg), assuming equal weighting between cancer and noncancer due to a lack of more precise insights into this issue.
The characterisation factor for aquatic ecotoxicity (Ecotoxicity Potential) is expressed in Comparative
Toxic Units (CTUe) and provides an estimate of the potentially affected fraction of species (PAF)
integrated over time and volume per unit mass of a chemical emitted (PAF m3.day/kg).

2.2.5 Assumptions
Specific assumptions are described in separate chapters per material or process in chapter 3: Life
cycle inventory analysis (LCI).
General assumption:
Transports made by truck are assumed to be of a 16-32 ton payload with emission standard Euro IV.

3. Life cycle inventory analysis (LCI)
In the inventory analysis, the product system is
defined and described. At first, the material flows and
relevant processes required to the product system
are identified. Secondly, environmentally relevant
data, (i.e. resource inputs) emissions and product
outputs for the system components are collected and
interpreted. Third, calculation is made with respect to
the contribution of each system component to the
overall system.
Figure 7: General flows of environmental
aspects in manufacturing.

Part 3.1 will describe all the different components
that are included in a traffic light system.
Part 3.2 will describe the difference in a traffic light system from Northcone and part 3.3 will describe
the standard lamp-post light system in Sweden.
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All the datasets will be represented with general data from Ecoinvent and all parts that are described
have been accounted for. If any part that is described in chapter 3.1 or 3.2 is excluded that is stated
clearly under each part.

3.1 Lamp-post light system
A traffic light system consists of 3 major components.
First there is a concrete fundament; the size of the fundament depends of the height and weight of the
post used.
A corrosion protected iron pipe is then placed on the fundament. Two different types of iron pipe will
be compared; more detailed about the two different options can be found in part 3.2 and part 3.3.
In the end of the pipe are the armature for the light system and inside the pipe the necessary
electronics is placed. The armature and electronics are assumed to be exactly the same for the two
varieties of lamp-post system.

3.2 Variety 1, Northcone 8m steel lamp-post system

Figure 8, show a picture of a lamp-post system made of cold rolled high tensile steel.

3.2.1 Raw material steel
The main raw material is the high tensile cold rolled steel made by Arcelor Mittal, Belgium. The
specific steel type used by Northcone is called Magnelis. The steel raw material is made of 20%
recycled scrap and 80% virgin steel.
The Northcone traffic light post is made by 2mm thick high tensile cold rolled steel. The steel is
covered on both sides with a 20µm thick anticorrosion layer made of 93,5% zinc, 3,5% aluminium and
3% magnesium. The layer is applied directly at Arcelor Mittal´s production facility using hot dip
technique. The 3% magnesium is crucial as it creates a stable and durable layer across the entire
surface and gives a far more effective corrosion protection than coatings with lower magnesium
content. ref 9
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The weight of the steel is 39,4kg. The coating is 24µm thick and weighs 310g/m2 in total 1,58kg. The
surface area of the post is 2,55m2.
Steel is an alloy between iron and mainly carbon. Steel is one of the most important engineering
materials. Nonetheless producing steel is extremely energy intensive. As iron being the main
component all the energy and environmental burden of iron ore mining will be associated with steel.
However, once produced, steel can be used again and again. With a global recovery rate of more than
70%, steel is the most recycled material on the planet. Thanks to continuous improvement of
steelmaking processes, it now takes 50% less energy to make a tonne of steel than it did thirty years
ago. Using less energy means releasing fewer greenhouse gases, a key factor in combating climate
change. ref 7

3.2.2 Raw material fundament
The size of the concrete fundament is dependent on the height and weight of the lamp-post. In this
case a 133*133*1400mm concrete slab will be used. The concrete slab will be reinforced with one iron
sleeve in which the post is inserted. To help stabilize the post two polyethylene rings are installed at
the bottom of the post where it is inserted in the iron sleeve. A picture of this can be seen in Figure 9.
The total weight of the fundament is 160,4kg. Of this the concrete is 159 kg, the iron sleeve 1kg and
the polyethylene rings 0,4kg. ref 12

Figure 9, the type of concrete fundament and polyethylene ring used.

3.2.3 Raw material armature
The weight of the armature is 12kg and consists mainly of aluminium and polycarbonate.ref 21 10kg is
assumed to be aluminium and 2kg is assumed to be polycarbonate.
The lamp and the electronics will not be included in the study.
The armature is assumed to be installed in Solna, Stockholm.

3.2.4 Processing
The steel sheets are transported to Northcone´s factory in Borlänge, Sweden. In Borlänge the steel
sheets are bent to a cone shaped 8m post with 12 sides. All the twelve sides are bent in one piece
and are welded only once in the edges of the piece. A total of 8m laser welding is required.
The factory in Borlänge is modern and using robots and regenerative motors and technology to be as
efficient as possible. The process produces 5% steel waste. ref 20
Specific data for this process are so far unavailable and therefore is will be represented using general
data for steel product manufacturing. .
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The welding is done using laser arc welding machines with an efficiency of 60 kWh. Approximately
10m of welding is done per minute.
Many steel based posts used in lamp-post system is getting an additional surface layer made of epoxy
based lacquer on the bottom 1m of the steel-post, this because 95% of the corrosion damaged on
lamp-post occur on this area. But concerning the high anti-corrosion ability of the Magnelis and the
normal procurement requirements concerning lamp-post and the minimum life time demanded this will
not be needed. ref 18

3.2.5 Use
To install the lamp-post require transport by truck to the intended area, in this case a suburb in
Stockholm, Sweden. Then an excavator that makes 1m3 big hole in the ground for the concrete
fundament is needed. After that a crane lorry is needed for placing the lamp-post in the fundament,
this takes approximately 10 minutes.
Usage will be in a suburb in Stockholm with no heavy traffic. During the usage of 20years no service is
required. ref 6
Some damage will be afflicted on the lamp-post through vandalism, snow ploughing and corrosion
caused by damage in the surface layer. Twice a year all the lightning points in the big cities in Sweden
are checked. Of these according to Swedish Trafikverket around 1/9000 are so badly damaged that
the whole post needs to be changed. 95% of the time it is because of corrosion in the bottom of the
post where it is most exposed to road salt, dog urine and bumps from humans, bikes etc. ref 17
All in all it will be assumed that 0,01% of all installed lamp-posts in Stockholm will have to be changed
every year.
During the outside usage the steel post and its surface layer will corrode and mainly zinc will leak out
in the surrounding environment and storm water recipient. The amount and effects of this is in depth
studied in part 3.4.

3.2.6 End-of-life
In the end of life phase the lamp post is disassembled and the different parts is sorted according to
material. The steel post will, if not to damaged, be material recycled. When the steel is transported
back using the well established scrap infrastructure in Sweden the steel is re-melted. In the process of
re-melting the steel is purified from the different surface layers, in this process also the zinc will be
recovered and re-used.
The metal that is not in the condition to be material recycled will be transported to a landfill.
Because the FU of only 20 years the posts are assumed to be able to withstand the exposure of the
surrounding environment without any damage on the steel. Therefore an end-of-life scenario with
100% material recycling of the steel and 100% material recycling of the remainder of the zinc in the
anti corrosion layer will be the main end-of-life scenario.
Because of the very good corrosion resistance a bigger percentage of the cold rolled high tensile steel
post can probably be material recycled in comparison to the galvanised steel if the usage phase were
assumed to be longer than 20 years. ref 8

3.2.7 Transport
Between every phase of the life cycle transportation is needed. Table 2 show the distance and type of
transportation used during the whole life cycle.
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Lamp-post North
Cone
Raw Material
Steel sheet
Concrete
fundament
Processing
Steel-post to
finalizing
Using
Installation finish
lamp-post
End of Life
Cut lamp-post to
small recycling
station
From small
recycling station to
Stena
Recycling station to
production plant

Destinations

Type

Weight (kg)

Distance (km)

Gent, Belgium –
Borlänge
Köping – Ulriksdal

Truck

41

1274

Truck

160

118

Borlänge - Solna

Truck

41

194

Solna – Ulriksdal,
Stockholm

Truck

53

50

Ulriksdal Stockholm

Truck

53

50

Stockholm –
Järfälla

Truck

41

50

Järfälla - Borlänge

Truck

41

194

Table 2, show the distance and type of transportation during the life cycle of the lamp-post system

3.3 Standard galvanised lamp-post system
The standard lamp-post in Sweden is made of pipe shaped galvanised steel. The steel is 3,6mm thick
and covered with a 70µm layer of zinc. A picture of a standard type of galvanized steel post made
tubes can be seen in Figure 10.
The main supplier in Sweden is SSAB.

Figure 10, show a picture of a standard type of galvanized steel post with one arm.
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3.3.1 Raw material steel
The main raw material is hot rolled steel tubes made in SSAB, Sweden. The steel tubes are untreated
when delivered to the processing factory. The weight of the steel is 74,8kg.
The steel raw material is made of 20% recycled scrap and 80% virgin steel.

3.3.2 Raw material fundament
The size of the concrete fundament is dependent on the height and weight of the lamp-post. In this
case a 108*108*1300mm concrete slab will be used. The concrete slab will be reinforced with 4 iron
reinforcing bars. The fundament is placed at least 1m underground with only the reinforcing iron bars
over ground level. The total weight of the fundament is 160kg of which 98% is concrete and 2% is
reinforcing bars. ref 8

3.3.3 Raw material armature
The weight of the armature is 12kg and consists mainly of aluminium and polycarbonate. ref 21 10kg is
assumed to be aluminium and 2kg is assumed to be polycarbonate.
The lamp and the electronics will not be included in the study.
The armature is assumed to be installed in Solna, Stockholm.

3.3.4 Processing
At the processing factory the steel tubes are cut to the preferred size. After this the post are welded
together to its final shape. A total of 2,6m of gas welding is required.
When the post have its final shape the post gets an anti corrosion layer by bathing the post in different
baths. The baths give the post a 70µm layer of mainly zinc. To galvanise the steel plate includes the
process steps of degreasing, pickling, fluxing, galvanizing (melt zinc coating) and finishing.
To give the post extra corrosion protections in the bottom where the corrosion speed are highest an
extra 100µm surface layer made of epoxy and xylene based lacquer is applied in the bottom meter of
the post. ref 19
The steel post has a surface area of 2,45m2. The weight of the zinc coating is 450g/m2 or in total
1,1kg and the total weight of the extra epoxy based anti corrosion layer is 0,113kg.

3.3.5 Use
To install the lamp-post require transport by truck to the intended area, in this case a suburb in
Stockholm, Sweden. Then an excavator that makes 1m3 big hole in the ground for the concrete
fundament is needed. After that a crane lorry is needed for placing the lamp-post in the fundament,
this takes approximately 10 minutes.
Usage will be in a suburb in Stockholm with no heavy traffic. During the usage of 20years no service is
required. ref 6
Some damage will be afflicted on the lamp-post through vandalism, snow ploughing and corrosion
caused by damage in the surface layer. Twice a year all the lightning points in the big cities in Sweden
are checked. Of these according to Swedish Trafikverket around 1/9000 are so badly damaged that
the whole post needs to be changed every year. 95% of the time it is because of corrosion in the
bottom of the post where it is most exposed to dog urine and bumps from humans, bikes etc. ref 17
All in all it will be assumed that 0,01% of all installed lamp-posts in Stockholm will have to be changed
every year.
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During the outside usage the steel post and its surface layer will corrode and mainly zinc will leak out
in the surrounding environment and storm water recipient. The amount and effects of this is in depth
studied in part 3.4.

3.3.6 End-of-life
In the end of life phase the lamp post is cut down and disassembled and the different parts is sorted
according to material. The steel post will, if not to damaged, be material recycled. When the steel is
transported back using the well established scrap infrastructure in Sweden the steel is re-melted. In
the process of re-melting the steel is purified from the different surface layers, in this process also the
zinc will be recovered and re-used. The metal that is not in the condition to be material recycled will be
transported to a landfill.
For the galvanized steel-post the disassembly of the post will be done by private contractor in
Stockholm. The lamp-post is cut down alternatively lifted from the concrete fundament, this operation
is assumed to take 5min, The private contractor then transport the lamp-post to smaller privately
owned recycling station where the different materials is sorted out. When the quantities are large
enough they sell the steel to Stena in Järfälla, Stockholm. Stena in turn sells the Metal to SSAB in
Borlänge.

3.3.7 Transport
Between every phase of the life cycle transportation is needed. Table 3 show the distance and type of
transportation used during the whole life cycle.
Lamp-post North
Cone
Raw Material
Steel sheet
Zink
Concrete
fundament
Processing
Steel-post to
finalizing
Using
Installation finish
lamp-post
End of Life
Cut lamp-post to
small recycling
station
From small
recycling station to
Stena
Recycling station to
production plant

Destinations

Type

Weight (kg)

Distance (km)

Borlänge –
Smålandstenar
Odda, Norway Smålandstenar
Köping – Ulriksdal

Truck

74,8

386

Truck

2,21

510

Truck

160

118

Smålandstenar Solna

Truck

77

363

Solna – Ulriksdal,
Stockholm

Truck

89

50

Ulriksdal Stockholm

Truck

89

50

Stockholm – Järfälla

Truck

77

50

Järfälla - Borlänge

Truck

77

194

Table 3, show the distance and type of transportation during the life cycle of the lamp-post system
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3.4 Zinc
During the usage phase the steel-post will be exposed to the surrounding environment. The steel-post
will be used outside and will therefore be exposed to weather strains like, rain, UV-radiation from the
sun, wind and ice. All this will affect the post and make the anti-corrosion layer to weaken over the
years. The layer will be able to withstand the weather forces for 20 years but some of the protecting
layer, mainly zinc, will leak out in the surrounding environment.
How big the leakage is are different for the two types of steel posts. The galvanized steel post will
corrode over the whole surface area. The cold rolled steel post will only corrode on the surface where
the welding is done, this because of the special coating composition used as surface layer. Because
Northcone uses laser welding and the width of the welding is no more than 0,5 – 1mm this will be
considered to be negligible and only the zinc emissions from the galvanized steel post will be
calculated.
Zinc is a heavy metal that is essential for human beings to survive. The recommended daily intake is
15mg per day. But in large concentrations >70mg per day zinc have toxicological effects on humans.
ref 13

Zinc can in high concentrations have a toxic effect on aquatic organisms as well as plants. Zinc can be
a very strong poison in the form of certain organic salts and complexes. Zinc has the potential to
accumulate which can make concentrations high. ref 14
There is no consensus on how high the concentrations must be to have severe effects and therefore it
is hard to assess the dangers of the leakage occurring from the steel-posts. But to put the zinc
emissions in some context they will be compared to the zinc emissions from traffic in Gothenburg,
mostly from tire wear and potentially also from brakes coating, that is estimated to be 8,3 tons per
year. ref 15
To calculate the zinc leakage two different sources are used. One theoretical calculation based on
equations made by Swedish Corrosion Instituteref 10 . The theoretical calculation can be seen in
Appendix 6.
The other source will be actual testing by SP according to testing standard ASTN. ref 16
The result show that the leakage will be between 19-21g per galvanized steel-post and year. During
the time horizon of 20 years the zinc leakage will be between 378-419g. The total amount of zinc on
each post is 2,21kg and therefore there is no imminent risk of structural damage on the steel. Around
70% of the zinc emission will be bound to the surrounding soil environment before it reaches the
intended storm water recipient.
To put this in context we can compare to the total zinc emissions from the traffic in Gothenburg. In
Gothenburg there is 90 000 lighting points ref 17, if we make a rough assumption and say that all of
these are lamp-posts of the galvanized kind we are calculating with in this study they will in total emit
1800kg zinc per year. This is probably a quite big overestimate but still it will only contribute with
around 1/5 of what the traffic in total does today. The zinc leakages from galvanized lamp-posts are
considerable but it cannot be linked to any measured negative environmental impact today. Also
because no scientific consensus of the effects of zinc leakage exists the conclusion is that the zinc
leakage is considerable but the negative effects are small compared to the overall environmental
effects of producing and using the lamp-post. More information can be seen in Appendix 7.
The eco-toxicological effects of the zinc leakage to water will be quantified using USETox impact
assessment method and the result from this can be seen in part 4.3.4.
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4. Life cycle impact assessment (LCIA)
Find more about Life cycle impact assessment method in Appendix 3.

4.1 Method for impact assessment
The result will be calculated using the ReCiPe Midpoint and Endpoint method.
The climate impact, kg CO2 eq., will be calculated using the method IPCC GWP 100.
A toxicological assessment will be done using the USEtox method.
For more information about the impact assessment methods see part 2.2.4.

4.2 Results Characterisation Northcone 8m steel lamppost system
4.2.1 Weighting with ReCiPe endpoint
In weighting the environmental impacts are compared to the political reduction goals. Different data
categories are weighed from some form of valuations principle. The basis of a valuation could be
either individual or a community’s political and/or morality valuations. The seriousness of the impacts
categories relative to one another is made. Weighting enables a comparison of the potentials for the
various impacts.
In weighting the results are converted with selected weighing factors according to the method ReCiPe
endpoint and then weighted together so that only one number is expressed. The weighted result for
the cold rolled steel post from Northcone is displayed in different figures and tables.
Figure 11 show a Sankey diagram of where the environmental effects associated with the Northcone
lamp-post system occur. The thickness of the line correlates with the weighted result of environmental
burden that can be derived from the specific processes. Table 9 is connected to this and show a list of
the most contributing processes to end result.
Figure 12 show which environmental effects that the Northcone lamp post system contributes to the
most.
Figure 13 show the environmental effects divided on the different life cycle phases and the different
environmental effects. Table 5 show the exact result from Figure 13.
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Figure 11 Sankey diagram of where the environmental effects associated with the Northcone lamp-post
system occur according to impacts assessment method ReCiPe Endpoint H/A. The thickness of the line
correlates with the weighted result of environmental burden that can be derived from the specific
processes.
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No

1

2

3

4
5
6

7
8
9

10

Process

Unit

Total

% of
total
--

Raw Material

Processing

Usage

End of life

Transport

Total of all
Pt
40,84
31,71
5,97
1,75
0,56
1,41
processes
Steel, converter,
Pt
17,45
43%
17,45
x
x
x
x
low-alloyed, at
plant/RER S
Aluminum,
Pt
7,78
19%
7,78
x
x
x
x
production mix,
at plant/RER S
Metal working
Pt
3,99
10%
x
3,99
x
x
x
machine
operation,
average process
heat/RER S
Zinc coating,
Pt
2,43
6%
2,43
x
x
x
x
pieces/RER S
Sheet rolling,
Pt
1,61
4%
1,61
x
x
x
x
steel/RER S
Transport, lorry
Pt
1,41
3%
x
x
x
x
1,41
16-32t,
EURO4/RER S
Concrete block, at Pt
1,38
3%
1,38
x
x
x
x
plant/DE S
Polycarbonate, at Pt
1,31
3%
1,31
x
x
x
x
plant/RER S
Diesel,
Pt
0,91
2%
x
x
0,91
x
x
combusted in
industrial
equipment/US
Metal working
Pt
0,79
2%
x
0,79
x
x
x
factory operation,
average heat
energy/RER S
Table 4, show the ten processes than contribute most to the total environmental effect according to
impacts assessment method ReCiPe Endpoint H/A.
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12
Climate change Human Health
Climate change Ecosystems
10

Ozone depletion
Terrestrial acidification
Freshwater eutrophication

8

Human toxicity
Photochemical oxidant formation
Particulate matter formation

6

Terrestrial ecotoxicity
Freshwater ecotoxicity
Marine ecotoxicity

4

Ionising radiation
Agricultural land occupation
Urban land occupation

2

Natural land transformation
Metal depletion
Fossil depletion

0
Environmental effects associated with Northcone lamp-post system

Figure 12, show which environmental effect that the Northcone 8m steel lamp-post system life cycle
contribute to most during 20 years according to impacts assessment method ReCiPe Endpoint H/A.
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Figure 13, show the environmental effects divided on the different life cycle phases and the different
environmental effects according to impacts assessment method ReCiPe Endpoint H/A.
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Impact category

Unit

Total

Raw Material

Processing

Usage

End of life

Transport

Total
Pt
40,84
31,71
5,97
1,19
0,56
Climate change
Pt
8,97
6,46
1,67
0,29
0,14
Human Health
Climate change
Pt
5,66
4,08
1,06
0,18
0,09
Ecosystems
Ozone depletion
Pt
0,00
0,00
0,00
0,00
0,00
Terrestrial
Pt
0,02
0,01
0,00
0,00
0,00
acidification
Freshwater
Pt
0,01
0,01
0,00
0,00
0,00
eutrophication
Human toxicity
Pt
2,26
1,70
0,42
0,08
0,04
Photochemical
Pt
0,00
0,00
0,00
0,00
0,00
oxidant formation
Particulate matter
Pt
4,02
3,13
0,38
0,25
0,12
formation
Terrestrial
Pt
0,01
0,01
0,00
0,00
0,00
ecotoxicity
Freshwater
Pt
0,01
0,01
0,00
0,00
0,00
ecotoxicity
Marine ecotoxicity
Pt
0,00
0,00
0,00
0,00
0,00
Ionizing radiation
Pt
0,02
0,01
0,01
0,00
0,00
Agricultural land
Pt
0,16
0,13
0,03
0,00
0,00
occupation
Urban land
Pt
0,14
0,08
0,05
0,00
0,00
occupation
Natural land
Pt
0,20
0,12
0,06
0,00
0,00
transformation
Metal depletion
Pt
9,95
9,49
0,43
0,00
0,00
Fossil depletion
Pt
9,39
6,46
1,84
0,38
0,18
Table 5, show the exact result of the environmental effects divided on the different life cycle phases.
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1,41
0,40
0,25
0,00
0,00
0,00
0,02
0,00
0,13
0,00
0,00
0,00
0,00
0,00
0,01
0,02
0,03
0,54
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4.2.2 Environmental impact with ReCiPe midpoint
Environmental impact has been calculated using equivalence factors specific for each emission and
impact category. The results for NC lamp post system are shown in Table 6.
Impact category

Unit

Total

Climate change
kg CO2 eqv
323,50
Ozone depletion
kg CFC-11 eqv
0,00
Terrestrial acidification
kg SO2 eqv
1,31
Freshwater eutrophication
kg P eqv
0,15
Marine eutrophication
kg N eqv
0,07
Human toxicity
kg 1,4-DB eqv
163,34
Photochemical oxidant
kg NMVOC
1,17
formation
Particulate matter formation
kg PM10 eqv
0,78
Terrestrial ecotoxicity
kg 1,4-DB eqv
0,04
Freshwater ecotoxicity
kg 1,4-DB eqv
4,76
Marine ecotoxicity
kg 1,4-DB eqv
5,01
Ionizing radiation
kg U235 eqv
67,25
Agricultural land occupation
m2a
6,21
Urban land occupation
m2a
2,98
Natural land transformation
m2
0,06
Water depletion
m3
2,57
Metal depletion
kg Fe eqv
214,08
Fossil depletion
kg oil eqv
87,42
Table 6. Characterization result for Northcone lamp-post system per impact category, ReCiPe midpoint
method.

4.2.3 Climate impact with method IPCC GWP 100
The total climate impact from the Northcone lamp-post system entire life cycle is 323kg CO2 eqv
according to IPCC GWP 100a.

4.2.4 Toxicity assessment with US tox
Table 7 show the result for the three different impact assessment categories of the USETox method.
Impact category
Unit
Total
Human toxicity, cancer
CTUh
0,0
Human toxicity, non-cancer
CTUh
0,0
Ecotoxicity
CTUe
1118,7
Table 7, show the result for the three different impact assessment categories of the USETox method.

The result shows that the risks for toxicological effects on humans are considered very small but the
eco-toxicological effects can be more severe. To look deeper into which processes that are
contributing most to the eco-toxicological effects a network of this can be seen in Figure 14.
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Figure 14, show where the eco-toxicological effects occur in the Northcone lamp-system life cycle.

Further the result show that the one substance that stands for the majority of the eco-toxicological
effects are Chromium emissions to water during steel manufacturing, this stands for around 60% of
the eco-toxicological effects. In total Chromium stands for around 70% of the eco-toxicological effect
and zinc that is the substance contributing most after chromium stands for around 9%.

4.2.5 Contribution different components
Figure 15 and Table 8 show how much the three different components of the lamp-post system
contributes with according to impacts assessment method ReCiPe Endpoint H/A
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Figure 15, show which of the components of the Northcone lamp-post system that contributes to the
most environmental effect according to impact assessment method ReCiPe Endpoint H/A
Impact category
Unit
Cold rolled Steel-post
Armature
Concrete fundament NC
Total
Pt
27,74
9,09
2,04
Climate change Human Health
Pt
4,98
2,80
0,70
Climate change Ecosystems
Pt
3,15
1,77
0,44
Ozone depletion
Pt
0,00
0,00
0,00
Terrestrial acidification
Pt
0,01
0,01
0,00
Freshwater eutrophication
Pt
0,01
0,00
0,00
Human toxicity
Pt
1,53
0,55
0,07
Photochemical oxidant formation
Pt
0,00
0,00
0,00
Particulate matter formation
Pt
2,48
0,99
0,15
Terrestrial ecotoxicity
Pt
0,01
0,00
0,00
Freshwater ecotoxicity
Pt
0,01
0,00
0,00
Marine ecotoxicity
Pt
0,00
0,00
0,00
Ionizing radiation
Pt
0,01
0,01
0,00
Agricultural land occupation
Pt
0,11
0,02
0,03
Urban land occupation
Pt
0,10
0,02
0,01
Natural land transformation
Pt
0,12
0,05
0,02
Metal depletion
Pt
9,58
0,21
0,14
Fossil depletion
Pt
5,63
2,64
0,49
Table 8, which of the components of the Northcone lamp-post system that contributes to the most
environmental effect according to impact assessment method ReCiPe Endpoint H/A
Miljögiraff

Report: 52

c/o Lusthuset

Tel: 0733-248185

Södra Larmgatan 6

Email: marcus@miljogiraff.se

411 16 Göteborg

par@miljogiraff.se

Sverige

www.miljogiraff.se

Datum: 2013-06-04

26/49

Miljögiraff
Life Cycle Assessment Northcone lamp-post system

Page 27

4.3 Results Characterisation standard galvanized steel
lamp-post system
4.3.1 Weighting with ReCiPe endpoint
In weighting the results are converted with selected weighing factors according to the method ReCiPe
endpoint and then weighted together so that only one number is expressed. The weighted result is
displayed in different figures and tables.
Figure 16 show a Sankey diagram of where the environmental effects associated with the Northcone
lamp-post system occur. The thickness of the line correlates with the weighted result of environmental
burden that can be derived from the specific processes. Table 9 is connected to this and show a list of
the most contributing processes to end result.
Figure 17 show which environmental effects that the Northcone lamp post system contributes to the
most.

Figure 16, show a Sankey diagram of where the environmental effects associated with the Northcone
lamp-post system occur. The thickness of the line correlates with the weighted result of environmental
burden that can be derived from the specific processes.
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No

Process

4

Total of all processes
Steel, converter, low-alloyed,
at plant/RER S
Aluminum, production mix,
at plant/RER S
Drawing of pipes, steel/RER
S
Zinc coating, pieces/RER S

5

Hot rolling, steel/RER S

6

Concrete block, at plant/DE S

1
2
3

7

Project

Ecoinvent system
processes
Ecoinvent system
processes
Ecoinvent system
processes
Ecoinvent system
processes
Ecoinvent system
processes
Ecoinvent system
processes
Ecoinvent system
processes
Ecoinvent system
processes
USLCI

Unit

% of total

Pt
Pt

Lamp-post hot
rolled
55,307276
33,105026

Pt

7,7949878

14%

Pt

3,8070291

7%

Pt

2,3345531

5%

Pt

2,2557003

4%

Pt

1,3607341

2%

Polycarbonate, at plant/RER
Pt
1,3111355
S
8
Transport, lorry 16-32t,
Pt
1,1143014
EURO4/RER S
9
Diesel, combusted in
Pt
0,91162004
industrial equipment/US
10
Reinforcing steel, at
Ecoinvent system
Pt
0,63226556
plant/RER S
processes
Table 9, show the ten processes than contribute most to the total environmental effect.
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20
Climate change Human Health
18

Climate change Ecosystems
Ozone depletion

16

Terrestrial acidification
14

Freshwater eutrophication
Human toxicity

12

Photochemical oxidant formation
Particulate matter formation

10

Terrestrial ecotoxicity
8

Freshwater ecotoxicity
Marine ecotoxicity

6

Ionising radiation
Agricultural land occupation

4

Urban land occupation
2

Natural land transformation
Metal depletion

0
Environmental effects associated with Galvanized lamp-post
system

Fossil depletion

Figure 17, show which environmental effect that the Northcone lamp-post system life cycle contribute to
most.
Impact category

Unit

Total

Total
Pt
55,3
Climate change Human Health
Pt
10,3
Climate change Ecosystems
Pt
6,5
Ozone depletion
Pt
0,0
Terrestrial acidification
Pt
0,0
Freshwater eutrophication
Pt
0,0
Human toxicity
Pt
2,7
Photochemical oxidant formation
Pt
0,0
Particulate matter formation
Pt
5,5
Terrestrial ecotoxicity
Pt
0,0
Freshwater ecotoxicity
Pt
0,0
Marine ecotoxicity
Pt
0,0
Ionizing radiation
Pt
0,0
Agricultural land occupation
Pt
0,2
Urban land occupation
Pt
0,1
Natural land transformation
Pt
1,3
Metal depletion
Pt
17,8
Fossil depletion
Pt
10,7
Table 10, show the exact result of the environmental effects divided on the different life cycle phases.
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4.3.2 Environmental impact with ReCiPe midpoint
Environmental impact has been calculated using equivalence factors specific for each emission and
impact category. The results for NC lamp post system are shown in Table 11.
Impact category

Unit

Total

Climate change
kg CO2 eqv
374,07
Ozone depletion
kg CFC-11 eqv
0,00
Terrestrial acidification
kg SO2 eqv
1,49
Freshwater eutrophication
kg P eqv
0,19
Marine eutrophication
kg N eqv
0,07
Human toxicity
kg 1,4-DB eqv
198,22
Photochemical oxidant formation
kg NMVOC
1,38
Particulate matter formation
kg PM10 eqv
1,07
Terrestrial ecotoxicity
kg 1,4-DB eqv
0,06
Freshwater ecotoxicity
kg 1,4-DB eqv
7,09
Marine ecotoxicity
kg 1,4-DB eqv
7,41
Ionizing radiation
kg U235 eqv
58,06
Agricultural land occupation
m2a
7,72
Urban land occupation
m2a
2,81
Natural land transformation
m2
0,05
Water depletion
m3
2,99
Metal depletion
kg Fe eqv
383,20
Fossil depletion
kg oil eqv
100,44
Table 11. Characterization result for the Galvanized lamp-post system per impact category, ReCiPe
midpoint method.

4.3.3 Climate impact with method IPCC GWP 100
The total climate impact for a standard galvanized lamp-post systems entire life cycle is 374kg CO2
eqv according to IPCC GWP 100a.

4.3.4 Toxicity assessment with USEtox
Table 12 show the result for the three different impact assessment categories of the USETox method.
Impact category
Unit
Total
Human toxicity, cancer
CTUh
0,0
Human toxicity, non-cancer
CTUh
0,0
Ecotoxicity
CTUe
2198
Table 12, show the result for the three different impact assessment categories of the USEtox method.

Further the result show that the one substance that stands for the majority of the eco-toxicological
effects are Chromium emissions to water during steel manufacturing, this stands for around 40% of
the eco-toxicological effects. In total Chromium stands for around 60% of the eco-toxicological effect
and zinc that is the substance contributing most after chromium stands for around 28%.
The high zinc contribution to the overall eco-toxicological effect is because of the zinc leakage in the
usage phase, this stands for 23% of the total result and 82% of all zinc emissions.
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4.4 Comparison Characterisation results
A comparison between the two different types of lamp-post systems using ReCiPe Endpoint can be
seen in Figure 18. The weighted result shows that a lamp-post system using galvanized steel has 36%
higher total environmental effect than a lamp-post system using high tensile steel.

Figure 18, Result comparison between the two different types of lamp-post systems using ReCiPe
Endpoint.

A comparison of the result from the different impact assessment methods can be seen in Table 13.
Impact assessment method

Unit

ReCiPe Endpoint
IPCC GWP 100a
USEtox Ecotoxicity

Pt
Kg CO2 eqv
CTUe

Total NC Lamppost system
40,8
323,5
1118,7

Total standard
lamp-post system
55,3
374
2198

Difference in %
36%
16%
97%

Table 13, show a comparison of the different impact assessment methods.
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5. Life Cycle Interpretation
The lower weight of the Northcone lamp-post system is the parameter that gives it an environmental
advantage comparing to standard galvanized lamp-post systems. When observing the result it is
obvious that the steel raw material and processing is the most contributing factor to the overall
environmental effect of the two lamp-post systems. Therefore gives the higher mass of steel in the
standard lamp-post system also a higher total environmental load.
The effect of the low weight is almost exclusively in the raw material phase. The effect of a lower
weight is very small when it comes to transportation and installation.
Figure 13 show that it is the raw material phase that the majority of the environmental load occurs.
Also processing contributes with a significant part of which most comes from processing of the steel.
The usage phase and end-of-life phase are both small. Very little service of the lamp-post systems is
required during its life time and installation is quick. Of course would the usage phase look very
different if not the energy usage was excluded. To get the context a quick comparison between the
environmental load of the energy demand of a 35W lamp used using Swedish electricity 12h a day for
20 years and the material used in the Northcone lamp-post system show that the environmental load
for the material used are just slightly higher. This emphasizes the importance of looking into the
materials used in lamp-post systems. Material efficiency can be just as important as energy efficiency
when lowering the environmental load for lamp-post infrastructure.
The end-of-life phase would also look different if not the Polluter Pays (PP) allocation method where
applied. This means that all of the emissions in recycling the steel are allocated to the life cycle in
which the waste is generated, in this case only transport. Following procedures for refining the steel
that can be used as input in a following/receiving process are allocated to the next life cycle. If we
ignore the PP method and say that 70% (Swedish average) of the used steel gets recycled using an
electric arc recycling technique and the output material is an unalloyed low grade steel the benefits
would lower the total environmental load with around 2pt according to ReCiPe Endpoint H/A. For the
standard galvanized steel post the benefits of recycling would lower the total environmental burden
with around 3pt.
That the recycling benefits in this case are not greater is because that the environmental load of the
output material is low. If we assume that the recycled steel could substitute virgin steel the
environmental benefits are bigger. But because of the required steel quality for the lamp-post system
recycled steel can today only be used for 20% of the total steel demand for the steel post we cannot
assume that it can substitute virgin steel. Recycled steel using an electric arc to recycle it has a much
lower environmental load than virgin steel, around 1/5. A higher content of recycled steel would
substantially lower the environmental load for the steel used in the products and then also lower the
total environmental load substantially.
The high environmental load of the armature shows a big potential for improvement for the whole
system. This part have not been the focus point of this study and the results are more uncertain that
the other parts but they show with full certainty a part that is worth looking into when enhancing the
total environmental load of the whole system.
The main focus when developing the lamp-post system with consideration to environment issues
should be to try to lower the amount of steel necessary or/and use a higher part recycled steel.
Find more about the method Life cycle impact Interpretation in Appendix 5.
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5.1 Conclusions, limitations and recommendations
This LCA currently contains some assumptions and some insufficient environmental data which result
in some uncertainties concerning the result of Northcone’s environmental impacts.
Mainly two processes are recommended to look into in more depth before the result can be
considered certain. One is processing data for the high tensile steel in Borlänge and secondly a more
specific analysis of the processes of producing the different steel grades should be done.
But the result shows a clear picture that the high tensile steel of Northcone’s lamp-post system is
preferred in relation to a standard galvanized lamp-post system.
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Appendix 1
Appendix 1, Introduction and methodological framework

A major part of the environmental impact of a product depends on choices taken during the product
development phase, e.g. materials, processes, functionality etc. The basic principles for abatement
come from the discipline of cleaner technology, is defined in the concept of Integrated Product Policy
(IPP) ref 1[EC Environment]as:
-

-

-

“All products cause environmental degradation in some way, whether from their
manufacturing, use or disposal. Integrated Product Policy (IPP) seeks to minimise these by
looking at all phases of a products' life-cycle and taking action where it is most effective.
The life-cycle of a product is often long and complicated. It covers all the areas from the
extraction of natural resources, through their design, manufacture, assembly, marketing,
distribution, sale and use to their eventual disposal as waste. At the same time it also
involves many different actors such as designers, industry, marketing people, retailers and
consumers. IPP attempts to stimulate each part of these individual phases to improve their
environmental performance.
With so many different products and actors there cannot be one simple policy measure for
everything. Instead there are a whole variety of tools - both voluntary and mandatory - that
can be used to achieve this objective. These include measures such as economic
instruments, substance bans, voluntary agreements,

ISO 14040
The guidelines for LCA are described in two documents; ISO 14040, that contains the main principles
and structure for performing an LCA, and ISO 14044, which includes detailed requirements and
recommendations. Furthermore, a document containing the format for data-documentation (ISO/TS
14048), as well as technical reports with guidelines for the different stages of an LCA (ISO/TR 14049
and ISO/TR 14047), are available in this standard series. (Carlsson & Pålsson, 2011)
The environmental management method Life Cycle Assessment (LCA) is used in this study. The LCA
has been performed according to the ISO 14040 series standards.
ISO 14040: 1997—Principles and framework
ISO 14041: 1998—Goal and Scope definition and inventory analysis
ISO 14042: 2003—Life Cycle Impact assessment
ISO 14043: 2003—Interpretation
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Appendix 2
Appendix 2, Scope of the Study

Allocation
Allocation of environmental aspects may occur when a process produces more than one
product. The basis for this allocation is primarily economic value, secondarily physical
properties. If the allocation has low importance it may be “cut-off”, not considered. Instead
all loads are on the studied product.
The method chosen for the allocation is the cut-off method. The cut-off method assign the
loads caused by a product to just that product. When the cut-off method is used,
environmental aspects or processes which can be assumed to contribute less than 1 %, do
not have to be included in the study [Baumann H. & Tillman A-M. (2004)].

Allocation procedure
In this LCA screening physical property (mass) is chosen as basic for allocation.

PP (Polluter Pays) allocation method
Figure 19, Allocation of environmental impacts between two life cycles according to the PP allocation

method. Here regarding to incineration of waste and resulting energy products (Image from IEC, 2008, p14).

Data requirements
It is common practice to scan for the most important factors rather than being very thorough, in a first
study as this. The level of depth depends on the availability of inventory data. By employing general
data from certified organisations, the fidelity and amount of Life Cycle Inventory (LCI) data may
increase very much. It is crucial however, to understand that specific producers may differ significantly
from general practice. Only by in depth investigations can it be perfectly determined. The picture below
describes how a system can be studied on different depth.

Figure 20: System (black box) or unit (high fidelity) data.
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For the best flexibility of adjusting LCI data to changes in the product systems, it is also necessary to
allow many process steps. General process steps are thus separated from supplier specific parts.

Limitations
The broad scope of analysing a whole life cycle of a product and the holistic approach can only be
achieved at the expense of simplifying other aspects. Thus the following limitations have to be taken
into account as recently summarised by Guinée et al. (2001):
-

LCA does not address localised aspects, it is not a local risk assessment tool
LCA is typically a steady-state, rather than a dynamic approach
LCA does not include market mechanisms or secondary effects on technological development
LCA regards processes as linear, both in the economy and in the environment
LCA focuses on environmental aspects and says nothing on social, economic and other
characteristics
LCA involves a number of technical assumptions and value choices that are not purely
science based

Data quality requirements
Most data for “upstream” and “downstream” processes are based on general processes that are
thoroughly validated. Generic data is often comprehensive which have to be considered in the overall
assessment. An example of generic data is the production of consumables, energy, waste treatment
and transports. This study use only generic data from Ecoinvent ref 4 [ecoinvent 2] and no “Input/output
data”2 has been used.
The following requirements were set (see below) for all the central LCI data to be used. More
peripheral aspect may deviate from the DQI based in the rule for “cut off”.
Time period:
- Mixed data
- 2010 and after
- 2005-2009

Multiple output allocation
- Physical causality
- Socio-economic causality
Substitution allocation
- Not applicable

Geography
- Europe, Western
- Europe, Eastern
- Asia, South East
- Asia, China
- Africa

Waste treatment allocation
- Not applicable
Cut-off rules
- Less than 1% (environmental relevance)

Technology
- Average technology
- Modern technology
- Best available technology

System boundary
- Second order (material/energy flows
including operations)

Representativeness
- Data from a specific process and
company
- Average from a specific process
- Average from processes with similar
outputs

2

Boundary with nature
- Agricultural production is part of
production system

Regional data for gross net balance per product or services.
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Appendix 3
Appendix 3, Life cycle impact assessment (LCIA)

Classification and characterisation
Classification means that all categories of data are sorted into different categories of environmental
effects. Readymade methods for this have been used in order to evaluate a broader perspective and
find the most potential categories. The mostly used methods are Ecoindicator and EPS. These
methods include also characterisation (and weighting described further).
The aim with the characterisation is to quantify each element’s contribution to the different categories
of environmental effect, respectively. To do this, each category of environmental effect is multiplied
with characteristic factors which are specific for the data- and the category of environmental effect.
The result from the characterisations gives answer about what or which emissions that leads to a
significant environmental influence. For each characteristic factor calculates the potential
environmental influence which could arise if an element released to the environmental or if a resource
is consumed.
Classification and characterisation is where all items in the inventory are assigned to the effect it is likely
to have on the environment,

Figure 21.
Figure 21: An illustration of the Impact Assessment of an LCA.

When this link is determined, we call it an environmental aspect. This environmental aspect has to be
linked between the environment and the process before you can say that it is established and that the
process is unsustainable. In the early stages of Lifecycle Assessment substances that were found in
the inventory was assigned to environmental aspects. In order to reach for the ultimate goal of
sustainability, it is important also to describe the local and global environment. Environmental aspects
that may have an impact are located and after that, the link to the inventory and to the process path
features may be analyzed and established.

Weighting
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The results of an LCA may depend on the method for impact assessment. There are a few different
models to assist in assessment of the environmental impacts connected to the life cycle e.g. ecological
scarcity (ECO), the environmental theme method (ET), ECO indicator (EI), ReCiPe and the
Environmental Priority Strategies in Product Design (EPS) method.
Weighting is the process of converting indicator results of different impact categories by using
numerical factors based on value-choices. It may include aggregation of the weighted indicator results.
Weighting is an optional element with two possible procedures, either
- to convert the indicator results or normalized results with selected weighting factors, or
- to aggregate these converted indicator results or normalized results across impact categories.
Weighting steps are based on value-choices and are not scientifically based. Different individuals,
organizations and societies may have different preferences; therefore it is possible that different
parties will reach different weighting results based on the same indicator results or normalized
indicator results. In an LCA it may be desirable to use several different weighting factors and weighting
methods, and to conduct sensitivity analysis to assess the consequences on the LCIA results of
different value-choices and weighting methods.
Weighting method implies that all of the data classes are weighted together so that only one number is
expressed for the weighting method. To do a weighting, different data categories are weighed from
some form of valuations principle. The basis of a valuation could be either individual or a community’s
political and/or morality valuations. The weighting expresses the relation between values in the
community and variations in the nature. The more effect or deviation an environmental aspect has
from the valuations, the higher weighting value gets the environmental aspect [Lindahl et al. (2002)].
The basis of valuations which are used to develop a weighting methods could be; political decisions,
technical-financial conditions, nature conditions, effects of the health, panels, and studies of
behavioural patterns. In a weighting method, there are either only one of this valuation basis or it will
be a combination of these valuation bases. Since the basis of valuations varying for each weighting
method, a comparison between different methods will give a shifting in the result [Lindahl et al.
(2002)].
The mostly used weighting methods are collected in the book “The Hitch Hiker’s Guide to LCA”,
written by Baumann H. & Tillman A-M. (2004), and the most important are presented below:
 Ecoindicator’99: is a weighting method based on the distance-to-target principle and the target
is established as environmental critical loads 5 % ecosystem degeneration, or similar.
Ecoindicator’99 are determined from three different cultural perspective; hierarchism, egalitarian
and individualist. An average value from the three cultural perspectives has been calculated and
is used in this study. Ecoindicator’99 is based on Goedkoop and Spriensma (1999) [Baumann H.
& Tillman A-M. (2004)].
 EPS 2000: is different from the two other weighting methods above in that case that it is not
based on the distance-to-target principle. Instead this method is based on the willingness-to-pay
for avoiding damages on environmental safeguard subjects. The EPS method is especially
suitable for assessment of global impacts, such as climate change potential and resource
depletion. The EPS indices are prepared by a group at Chalmers University of Technology and a
steering committee from the industry in Sweden.
 EPD 2007: This method is to be used for the creation of Environmental Product Declarations
or (EPDs), as published on the website Swedish Environmental Management Council (SEMC)
www.environdec.com. The original document is titled: "Revision of the EPD® system into an
International EPD®”. In the standard EPDs one only has to report on some specific impact
categories. Specific product category guidelines may require extra information.
 The ReCiPe method is the most recently updated, the most comprehensive and best adapted
to the environmental effects that are relevant in the area (Europe). ReCiPe is a life cycle impact

Miljögiraff

Report: 52

c/o Lusthuset

Tel: 0733-248185

Södra Larmgatan 6

Email: marcus@miljogiraff.se

411 16 Göteborg

par@miljogiraff.se

Sverige

www.miljogiraff.se

Datum: 2013-06-04

40/49

Miljögiraff
Life Cycle Assessment Northcone lamp-post system

Page 41
assessment method which comprises harmonised category indicators at the midpoint and the
endpoint level.

Single issues
In a contrary to weighted results which is the combined results from many different environmental
effect categories, single issue focus on just one issue. It is important to break out some single issues
that are relevant for the analysed product both considering the environment and marketing. All the
different environmental effect categories will still be accounted for in the weighted result.
Below is a small description of the single issues that have been chosen to be especially reported.
Single issue occupation of land
For the evaluation of the "occupation of land", the ReCiPe Midpoint offers the opportunity to show
separately Land occupation as agriculture and Land occupation as urban. Agriculture was chosen
because it is considered to be the most relevant. It is accounted for as loss of land availability that
could have been used for cultivating food crop as an alternative livelihood.
Single issue energy demand
For the evaluation of the "energy requirements" the method Cumulative Energy Demand (CED) has
been chosen. CED offer the possibility to calculate cumulative energy like energy inherited in oil, gas
and most materials. It is based on the method published by ecoinvent version 1.01 and expanded by
PRé Consultants for raw materials available in the SimaPro 6 database ref 4 [ecoinvent 2]. (Wood is not
included in this methodology due to the frequent use of wood as feedstock in SimaPro, which would
lead to double counting).
Single issue Climate change
For the evaluation of the impact on the climate of greenhouse gases (GHG) the method GHG protocol,
IPCC GWP 100 years, was chosen. It is the well-recognised scientific method.
Single issue toxicity
For the evaluation of toxicity, the ReCiPe Midpoint offers the opportunity to show separately Human
toxicity, Ecological toxicity in freshwater, Ecological toxicity in marine waters and Ecological toxicity in
terrestrial environment. By studying the weighted result by ReCiPe Single Score, we will choose the
category of eco toxicity that has the greatest impact (i.e. Human toxicity).
Weighting ReCiPe Endpoint
The ReCiPe [ref 5 [ReCiPe, 2008]
] is a life cycle impact assessment method which comprises harmonised category indicators at the
midpoint and the endpoint level [.Weighting of environmental effects require normalisation to
geographic area. A European perspective has been chosen. Further, the perspectives H/A are used
as they represent the broadest scientific consensus.ref 3 [Goedkoop M.] For a more detailed
description see

Optional elements of LCIA
Normalization
In normalisation the environmental impacts are seen in relation to an average European person’s
contribution to the environmental effect during a year. This means that normalisation is a relative
magnitude of the potential impacts and resource consumptions.
Weighting
See above.
Data quality analysis
Additional techniques and information may be needed to understand better the significance,
uncertainty and sensitivity of the LCIA results in order to:
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-

to help distinguish if significant differences are or are not present,
to identify negligible LCI results, or
to guide the iterative LCIA process.

The need for and choice of techniques depend upon the accuracy and detail needed to fulfil the goal
and scope of the LCA.

Special consideration for public LCA
An LCIA that is intended to be used in comparative assertions intended to be disclosed to the public
shall employ a sufficiently comprehensive set of category indicators. The comparison shall be
conducted category indicator by category indicator.
An LCIA shall not provide the sole basis of comparative assertion intended to be disclosed to the
public of overall environmental superiority or equivalence, as additional information will be necessary
to overcome some of the inherent limitations in the LCIA. Value-choices, exclusion of spatial and
temporal, threshold and dose-response information, relative approach, and the variation in precision
among impact categories are examples of such limitations. LCIA results do not predict impacts on
category endpoints, exceeding thresholds, safety margins or risks.
Category indicators intended to be used in comparative assertions intended to be disclosed to the
public shall, as a minimum, be
- scientifically and technically valid, i.e. using a distinct identifiable environmental mechanism
and/or reproducible empirical observation,
- environmentally relevant, i.e. have sufficiently clear links to the category endpoint(s) including,
but not limited to, spatial and temporal characteristics.
Category indicators intended to be used in comparative assertions intended to be disclosed to the
public should be internationally accepted.
Weighting shall not be used in LCA studies intended to be used in comparative assertions intended to
be disclosed to the public.
An analysis of results for sensitivity and uncertainty shall be conducted for studies intended to be used
in comparative assertions intended to be disclosed to the public.
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Appendix 4
Appendix 4, Life cycle impact assessment (LCIA) – ReCiPe

ReCiPe
The available methods are (origin in brackets):
- ReCiPe 2010 (EU)
- Eco-indicator 99 (+95) (EU)
- CML 2 (2000) (+2001) (EU)
- Ecological scarcity (EU)
- EDIP (Dk)
- EPS 2000 (Swe)
- Ecopoints 97 (Ch)
- Impact 2002+ (EU)
- BEES (US)
- TRACI (US)
- Ecological Footprint
- IPCC GWP 100 years
The ReCiPe3 method was chosen for this study because it is the most recently updated, the most
comprehensive and the best adapted to the environmental effects that are relevant in the area.
ReCiPe LCIA Methodology Life cycle assessment (LCA) is a methodological tool used to quantitatively
analyse the life cycle of products/activities. ISO 14040 and 14044 provide a generic framework.
After goal and scope has been determined, data has been collected, an inventory result is calculated.
This inventory result is usually a very long list of emissions, consumed resources and sometimes other
items. The interpretation of this list is difficult. An LCIA procedure, such as the ReCiPe method is
designed to help with this interpretation.
The primary objective of the ReCiPe method is to transform the long list of inventory results, into a
limited number of indicator scores. These indicator scores express the relative severity on an
environmental impact category. In ReCiPe we determine indicators at two levels:
-

Eighteen midpoint indicators, see Table 14.
Three endpoint indicators

Table 14: Impact category name and unit in ReCiPe ref 5 [ReCiPe, 2008]
.

Impact category name

3

Indicator name

Climate change CC
Ozone depletion OD
Terrestrial acidification TA
Freshwater eutrophication FE
Marine eutrophication ME
Human toxicity HT
Photochemical oxidant formation
POF
Particulate matter formation PMF
Terrestrial eco toxicity TET

infra-red radioactive forcing
stratospheric ozone concentration
base saturation
phosphorus concentration
nitrogen concentration
hazard-weighted dose
Photochemical ozone
concentration
PM10 intake
hazard-weighted concentration

Freshwater eco toxicity FET

hazard-weighted concentration

Unit
kg (CO2 to air)
kg (CFC-115 to air)
kg (SO2 to air)
kg (P to freshwater)
kg (N to freshwater)
kg (14DCB to urban air)
kg (NMVOC6 to air)
kg (PM10 to air)
kg (14DCB to industrial
soil)
kg (14DCB to freshwater)

ReCiPe (H) V1.04 / World ReCiPe H/A
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Marine eco toxicity MET

hazard-weighted concentration

Ionizing radiation IR
Agricultural land occupation ALO
Urban land occupation ULO
Natural land transformation NLT
Water depletion WD
Mineral resource depletion MRD
Fossil resource depletion FD

absorbed dose
Occupation
Occupation
Transformation
amount of water
grade decrease
upper heating value

kg (14-DCB7 to marine
water)
kg (U235 to air)
m2×yr (agricultural land)
m2×yr (urban land)
m2 (natural land)
m3 (water)
kg (Fe)
kg (oil)

ReCiPe uses an environmental mechanism as the basis for the modelling. An environmental
mechanism can be seen as a series of effects that together can create a certain level of damage to for
instance, human health or ecosystems. For instance, for climate change we know that a number of
substances, increases the radiative forcing, this means heat is prevented from being radiated from the
earth to space. As a result, more energy is trapped on earth, and temperature increases. As a result of
this we can expect changes in habitats for living organisms, and as a result of this species may go
extinct.
From this example it is clear that the longer one makes this environmental mechanism the higher the
uncertainties get. The radiative forcing is a physical parameter that can be relatively easily measured
in a laboratory. The resulting temperature increase is less easy to determine, as there are many
parallel positive and negative feedbacks. Our understanding of the expected change in habitat is also
not complete, etc.

Figure22: Example of a harmonised midpoint-endpoint model for climate change, linking to human health
and ecosystem damage.

So the obvious benefit of taking only the first step is the relatively low uncertainty.

Combining mid- and endpoints
In ReCiPe we indeed calculate eighteen of such midpoint indicators, but also calculate three much
more uncertain endpoint indicators. The motivation to calculate the endpoint indicators is that the large
number of midpoint indicators is very difficult to interpret, partially as there are too many, partially
because they have a very abstract meaning. How to compare radiative forcing with base saturation
numbers that express acidification? The indicators at the endpoint level are intended to facilitate easier
interpretation, as there are only three, and they have a more understandable meaning
The idea is that each user can choose at which level it wants to have the result:
- Eighteen robust midpoints, that are relatively robust, but not easy to interpret
- Three easy to understand, but more uncertain endpoints:
o Damage to Human health
o Damage to ecosystems
o Damage to resource availability
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The user can thus choose between uncertainty in the indicators, and uncertainty on the correct
interpretation of indicators.
The figure below provides the overall structure of the method
Figure 23: ReCiPe Characterisation links.

Climate change: Climate change causes a number of environmental mechanisms that affect both the
endpoint human health and ecosystem health. Climate change models are in general developed to
assess the future environmental impact of different policy scenarios. For ReCiPe 2008, we are
interested in the marginal effect of adding a relatively small amount of CO2 or other greenhouse
gasses, and not the impact of all emissions.
Ozone layer: The characterisation factor for ozone layer depletion accounts for the destruction of the
stratospheric ozone layer by anthropogenic emissions of ozone depleting substances (ODS). These
are recalcitrant chemicals that contain chlorine or bromine atoms. Because of their long atmospheric
lifetime they are the source of Chlorine and Bromine reaching the stratosphere. Chlorine atoms in
chlorofluorocarbons (CFC) and bromine atoms in halons are effective in degrading ozone due to
heterogeneous catalysis, which leads to a slow depletion of stratospheric ozone around the globe.
Acidification: Atmospheric deposition of inorganic substances, such as sulphates, nitrates, and
phosphates, cause a change in acidity in the soil. For almost all plant species there is a clearly defined
optimum of acidity. A serious deviation from this optimum is harmful for that specific kind of species
and is referred to as acidification. As a result, changes in levels of acidity will cause shifts in species
occurrence (Goldcorp and Spriensma, 1999, Hayashi et al. 2004). Major acidifying emissions are NOx,
NH3, and SO2.
Eutrophication: Aquatic eutrophication can be defined as nutrient enrichment of the aquatic
environment. Eutrophication in inland waters as a result of human activities is one of the major factors
that determine its ecological quality. On the European continent it generally ranks higher in severity of
water pollution than the emission of toxic substances. Aquatic eutrophication can be caused by
emissions to air, water and soil. In practice the relevant substances include phosphorus and nitrogen
compounds emitted to water and soil as well as ammonia (NH3) and nitrogen oxide (NOx) emitted to
air.
Toxicity: The characterisation factor of human toxicity and eco toxicity accounts for the environmental
persistence (fate) and accumulation in the human food chain (exposure), and toxicity (effect) of a
chemical. Fate and exposure factors can be calculated by means of ‘evaluative’ multimedia fate and
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exposure models, while effect factors can be derived from toxicity data on human beings and
laboratory animals (Hertwich et al., 1998; Huijbregts et al., 2000).
Particulate matter formation: Fine Particulate Matter with a diameter of less than 10 μm (PM10)
represents a complex mixture of organic and inorganic substances. PM10 causes health problems as
it reaches the upper part of the airways and lungs when inhaled. Secondary PM10 aerosols are
formed in air from emissions of sulphur dioxide (SO2), ammonia (NH3), and nitrogen oxides (NOx)
among others (World Health Organisation, 2003). Inhalation of different particulate sizes can cause
different health problems.
Land occupation: The land use impact category reflects the damage to ecosystems due to the effects
of occupation and transformation of land. Although there are many links between the way land is used
and the loss of biodiversity, this category concentrates on the following mechanisms:
1. Occupation of a certain area of land during a certain time;
2. Transformation of a certain area of land.
Both mechanisms can be combined, often occupation follows a transformation, but often occupation
occurs in an area that has already been converted (transformed). In such cases the transformation
impact is not allocated to the production system that occupies an area.
Ionizing radiation: This describes the damage to Human Health related to the routine releases of
radioactive material to the environment.
Water depletion: Water is a scarce resource in many parts of the world, but also a very abundant
resource in other parts of the world. Unlike other resources there is no global market that ensures a
global distribution. The market does not really work over big distances as transport costs are too high.
Extracting water in a dry area can cause very significant damages to ecosystems and human health.
Fossil depletion: The term fossil fuel refers to a group of resources that contain hydrocarbons. The
group ranges from volatile materials (like methane), to liquid petrol, to non-volatile materials (like coal).
There is a highly politicised debate on the availability of conventional (liquid) oil, and this makes it
difficult to obtain reliable unbiased data. The spectrum of views ranges from the Peak-oil movement
(www.aspo.org or peak-oil.com) to international organisations like the International Energy Agency
(IEA), or commercial organisations like the Cambridge Energy Research Agency (CERA). Therefore it
is hard to determine the seriousness of the depletion of oil, and which model to use, for this category
the IEA model is used.
In ReCiPe 2008 it has been decided to group different sources of uncertainty and different choices into
a limited number of perspectives or scenarios, according to the “Cultural Theory” by Thompson 1990.
Three perspectives are discerned:
-

individualist (I)
hierarchist (H)
egalitarian (E)

These perspectives do not claim to represent archetypes of human behaviour, but they are merely
used to group similar types of assumptions and choices. For instance:
-

Perspective I is based on the short-term interest, impact types that are undisputed,
technological optimism as regards human adaptation.
Perspective H is based on the most common policy principles with regards to time-frame and
other issues.
Perspective E is the most precautionary perspective, taking into account the longest timeframe, impact types that are not yet fully established but for which some indication is available.
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Appendix 5
Appendix 5, Life cycle Interpretation

The life cycle interpretation phase of an LCA or an LCI study comprises several elements as depicted
in
Figure 24, as follows:
-

identification of the significant issues based on the results of the LCI and LCIA phases of LCA;
an evaluation that considers completeness, sensitivity and consistency checks;
conclusions, limitations, and recommendations.

The relationship of the interpretation phase to other phases of LCA is shown in
Figure 24.
Figure 24, Relationships between elements within the interpretation phase with the other phases of LCA

The interpretation shall also consider the following in relation to the goal of the study:
- the appropriateness of the definitions of the system functions, the functional unit and system
boundary;
- limitations identified by the data quality assessment and the sensitivity analysis.
The documentation of the data quality assessment, sensitivity analyses, conclusions and any
recommendations from the LCI and LCIA results shall be checked.
The LCI results should be interpreted with caution because they refer to input and output data and not
to environmental impacts. In addition, uncertainty is introduced into the results of an LCI due to the
compounded effects of input uncertainties and data variability. One approach is to characterize
uncertainty in results by ranges and/or probability distributions. Whenever feasible, such analysis
should be performed to better explain and support the LCI conclusions.
In this LCA screening the phase Life cycle Interpretation consists of identification of the significant
issues, interpretation and sensitivity checks.
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Appendix 6
Appendix 6, Theoretical calculation zinc leakage from 8m galvanised steel post. ref 10 ref 8

Equation
K=corrosion attack
T= Temperature in Celsius = 6,1
Rh = is the relative humidity in % = 75,2
SO2, NO2, O3 concentration in µg/m3 = 0,9
Rain = amount of precipitation in mm = 552
H+ = acidity of the rain mg/l = 34

Result:
ML = mass loss in g/m2 per year = 1,08
The mass loss thickness is multiplied with the surface area to get the volume of material
lost (2). The volume of the material lost is multiplied with the density of the anti
corrosion layer to get the total mass lost for each post (3).
Surface area=2,45m2
Zink density=7,14 g/cm3
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Appendix 7
Appendix 7, Zinc toxicity and its sources [JRC report on zinc metals]

In Sweden a research programme “Metals in the Urban and Forest Environment” (financed by
the Swedish Environmental Protection Agency) has been conducted (Water, Air and Soil
Pollution (2001): Focus/Vol. 1 issue 3-4). One main project within this programme focuses on
stocks and flows (emissions) of metals within the Urban environment. The city of Stockholm
is used as study object. One conclusion from the project is that the traffic sector (tyres, brakes,
car washes, street surface abrasion) corresponds to approximately half the total goods
emissions. The dominating diffuse sources of zinc from goods in Stockholm (1995) were:
tyres (10 t/y), galvanised goods 7.1 t/y, and sacrificial anodes 1.5 t/y. The emissions from
breaks were 0.9 t/y and from street surface abrasion, 1 t/y. In Sweden asphalt is usually made
of granite or gneiss, which have rather high zinc concentration. Therefore, emissions from street
surface abrasion cannot be neglected in Sweden (Bo Bergbäck, pers. com).
In the Landner and Lindeström (1998) report a total annual emission of 750 t from corrosion
has been given. This is about half of the amount (1300 t/y) that has been given as a worst case
estimate by Nilsson (1996) for zinc emissions from corrosion in Sweden. A very recent
estimate from industry for corrosion estimate which is based on recent marketing figures and
a run-off rate of 3 g/m2/y, resulted in a total amount of about 85 t/y. This much lower estimate
is based on general galvanised steel only, but emissions from continuously galvanised steel
and rolled zinc will not contribute to significant amounts in Sweden.
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