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Executive summary

This degree project, Life cycle assessment of radio relay systems, was conducted at Telia AB,
Telia Network Services AB, Farsta, and the section of Industrial Ecology of the Department
of Chemical Engineering and Technology, Royal Institute of Technology, Stockholm.

Life cycle assessment (LCA) is a tool with which it is possible to calculate the environmental
load from a product, material or service during all the phases in its life cycle. The results
presented in this study are based on such an LCA.

Several LCA projects have been conducted at Telia previous to this one, among them a study
on optical fibre cable burial1. Radio relay is an alternative to optical fibre cables, but little
information was available within Telia on the environmental impact from the use of radio
relay systems as a transmission media. This report can be seen to supplement the study on
cables with the new data on radio relay systems, to provide a survey on transmission methods
and their respective environmental loads. Hence, the goal of the project is to provide Telia
with useful information regarding the systems involved and where and how the environment
is affected by the use of the systems. This information can be used internally in the decision
making process when new networks are planned.

Radio relay systems are frequently used to connect remote stations, or base station transceiver
sites for mobile phones with the network. With the advent of high capacity optical fibre
cables, the importance of radio links in the transportation network has diminished, but during
certain circumstances they are still a competitive and effective means of transmission. This is
especially true in remote areas, or where the capacity needed is limited.

Two types of radio links are looked at in this project: one high capacity, long hop radio link,
and one low capacity radio link. The high capacity link is the Nera NL290, a Norwegian radio
link system with an n+1 STM1 capacity. This system is of an older, bulky design. The second
radio link in the study is the Ericsson Mini-link E. This radio link is one of the most common
radio links on the market, with several thousand in use in Sweden alone. The design is small
and flexible, with a wide range of frequencies and capacity options available.

Six scenarios, or cases, are the basis for the study: two Nera NL290 cases, two Mini-link E
cases, and two optical fibre cable cases. For all systems, there is one worst case scenario, and
one best case scenario. The best case scenarios are distinguished by having a higher capacity
overall, and covers longer distances. The infrastructure in the best case scenarios is generally
more optimised for the purpose.

The best case scenarios have the following properties:
• Optical fibre cable – 50 km between stations, STM16 capacity (2.5 Gbps).
• Nera NL290 radio link – 50 km between sites, 2+1 STM1 capacity (310 Mbps).
• Ericsson Mini-link E radio link – 30 km between sites, 34 Mbps capacity.

The worst case scenarios have the following properties:
• Optical fibre cable – 30 km between stations, STM1 capacity (155 Mbps).
• Nera NL290 radio link – 30 km between sites, 1+1 STM1 capacity (155 Mbps).
• Ericsson Mini-link E radio link – 15 km between sites, 4×2 Mbps capacity.

                                               
1 Livscykelanalys för anläggning av telekabel, Tingstorp, S., 1998.
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Included in the study are production of materials constituting the systems, transports to and
from building sites, manufacture of radio links, infrastructure, network elements, and station
equipment. Equipment used in the manufacturing process is not included, nor personnel and
their work. An inventory and following environmental impact assessment has been made in
accordance with ISO 14040 standard. An LCA program (LCAiT) developed by Chalmers
Industriteknik (CIT) was used extensively throughout the project to calculate flows of
materials and energy, and from that, the environmental impact from the different scenarios.
Data regarding materials and energy comes from the CIT database.

The results of the study are:

• Based on the data available no clear difference can be seen between the use of radio links
or buried optical fibre cables as a transmission media in regards to the environmental
impact. The low capacity links present a higher burden on the environment, but between
the high capacity radio links and the optical fibre cables the difference is negligible.

• The environmental impact is mainly dependent on the capacity, and secondarily on the
distance. This is a natural result of the choice of functional unit (FU).

• Optical fibre cables have one phase that is clearly more polluting than the rest, and that is
the actual work of burying the cable in the ground. This production phase is not only work
intensive, it also generates a lot of transports and waste, all adding to the environmental
load associated with the cable burial. In this study, it must be noted, the removal of the
cable after its end-of-life is included in the production phase. The contribution to the
environmental load from the removal is almost equal to that of the burial of the cable.

• The Nera NL290 is a radio link system with a relatively high content of circuit boards in
the construction. This reflects on the environmental load for the system. The radio link in
itself is prominent; a result of the circuit boards being very demanding on energy and
resources when manufactured.

• For the Ericsson Mini-link E, there is no obvious phase that is more polluting than the
rest, but due to its high degree of infrastructure and its low capacity the overall
environmental load is higher than for the optical fibre and the Nera NL290 radio link.

• The operation, or use, of the different systems, i.e. radio link, transmission- and station
equipment, gives an almost negligible contribution to the total environmental load. This is
very noticeable for the optical fibre cases, but also the radio link display a lower impact
from the operation phase.

Suggestions for improvement:

• When planning new routes for optical fibre cables, the direction should be chosen so that
as much as possible of the cable can be buried with ploughing, since this requires the least
use of heavy machinery.

• For optical fibre cables, strive to build the cable together with other construction efforts,
such as roads, sewer systems, or installations for cable television.
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• Secure the cable installation for the long term, so that it can be left in the ground if
possible, after its end-of-life. The removal of a buried cable is as work intensive and
costly as the process of burying it in the first place.

• For radio links, use existing infrastructure to as high degree as possible. Masts can be
reinforced to handle additional antennas if necessary. Smaller radio links can be placed on
roofs of buildings, or any other fitting structure.

• Build flexible systems that can handle additional capacity with upgrades. Endeavour to
use the latest possible technology, as the systems usually are built with a higher efficiency
and with less material.

• When building new infrastructure for radio relay or mobile phone sites, endeavour to
build the mast/tower on solid rock base, as the foundation can be made a lot smaller than
an equivalent foundation in earth.

• The use of LED-type obstruction lights can reduce the power consumption for a station by
a significant amount. The longer lifespan of the LED-lights also cuts down on
maintenance in the form of changing bulbs.
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1 Introduction

This study was conducted by Mikael Lindroth, Royal Institute of Technology, as a degree
project at Telia AB, Telia Network Services AB, Transmission Division. Flemming Hedén
and Dag Lundén (supervisor), both Telia, have been consulted during the project and provided
input and discussion based on their experience with life cycle assessments.

The study follows the current standard from the International Organisation for
Standardisation, EN ISO 14040:1997. The basic framework for life cycle assessments
according to ISO 14040 is shown below in figure 1.1. There are some deviations from the
recommendations in the standard present in this study. Not all inflows and outflows are
followed to elementary flows, but these are clearly marked in each part of a process and in the
inventory results.

Figure 1.1.  The framework for life cycle assessments according to EN ISO 14040:1997.

Where applicable the recommendations given in “Nordic Guidelines on Life Cycle
Assessment” (Lindfors et al, 1995) have been followed.

1.1 Life cycle assessment

Life cycle assessment is a method with which to calculate and value the environmental load
caused by a product, material or service during all the phases of its life cycle (figure 1.2). The
environmental load is a product of the emissions of different pollutants, generation of waste,
and use of natural resources during the life cycle.
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Life cycle

Figure 1.2.  A simplified illustration of a system life cycle.

SETAC (Society for Environmental Toxicology and Chemistry) gives recommendations on
how to perform life cycle assessments, and is also one of the foremost organisations on the
international level discussing LCA. The recommendations are presented in “Nordic
Guidelines for Life Cycle Assessment” (Lindfors et al, 1995). According to SETAC and
Nordic Guidelines, an LCA involves several steps performed in a particular order: goal
definition and scoping, inventory analysis, impact assessment, and possibly an improvement
analysis (figure 1.3). The ISO standard 14040 differs in that it sees the improvement analysis
as part of the application of an LCA (figure 1.1). ISO 14040 has an interpretation phase to
ensure a deeper analysis of the validity of the results.

Figure 1.3.  The different parts of a life cycle assessment according to Nordic Guidelines.
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• In the goal definition and scoping, the purpose of the study is accounted for. The
functional unit is defined as a basis for the calculations. The methodology by which the
work will be conducted is defined.

• The environmental load is calculated in the inventory. This is the result of the inventory
analysis in which the flows of material and energy within the system boundaries were
derived.

• The environmental impact assessment is divided into three distinct parts:
1. Classification – material and energy inputs and outputs gathered in the inventory are

classified into impact categories.
2. Characterisation – the contributions to each impact category are assessed by

quantitative or qualitative methods. In this study the quantitative approach is used, i.e.
as much as possible of the impact from the life cycles on the environment is accounted
for.

3. Weighting/Valuation – the impact of each impact category is addressed and related to
each other in order to assess a total impact. Using gauges such as politically set
environmental goals, ecological persistence, willingness to pay to avoid environmental
effects, and/or expert panels, the total environmental impact can be expressed in a
single measurement.

The results are interpreted through the control of the validity and usefulness of the results.
The assumptions made and the methods used, and the effect from this on the results are
analysed. Furthermore, the importance of possible data gaps and the data quality for the end
result are described. Sensitivity analyses and uncertainty assessments performed in other parts
of the study shall be present in the interpretation.

2 Objectives of the study

The purpose of this degree project is to give an understanding of and data on, the
environmental impact from radio relay systems when used as transmission media. To get the
results, life cycle assessment will be used as a tool. The results are to be used internally within
Telia and in the contact with customers and suppliers. The degree project is carried out at
Telia AB, Telia Network Services AB, Transmission Division located in Farsta outside of
Stockholm. Supervisor at Telia is Dag Lundén, and at KTH, IMA, Lennart Nilsson. The
degree project is of 20 points, or 20 weeks of study.

Among earlier projects within the field of life cycle assessment at Telia, is a degree project by
Sofia Tingstorp, Life cycle assessment in laying fibre optic cables (1998). In this report, the
environmental impact of laying cable in the ground and in the air with posts was studied.
Other projects have included a study on mobile phone networks, another on answering service
functions in the network. Flemming Hedén conducted both the latter. The LCA on cables will
be used in this study to provide data on the optical fibre cables as a transmission media. A
comparison between radio relay and cable regarding the environmental impact of the two
transmission media can then be made. This in turn can then be used by Telia as a part of the
decision making process when planning new network routes.
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Another goal is to provide Telia with background environmental data on the infrastructure
components and network elements. When planning and constructing new routes the total
environmental impact can be calculated by adding the data on global warming potential,
acidification and such for the parts constituting the entire system to be built. Though it is only
accurate to a degree for the studied systems, it can provide some estimation on other similar
systems by other manufacturers, and their effect on the environment.

2.1 Functional unit

The functional unit used is one Mbps×km×year (capacity×distance×time).

The functional unit was chosen with the transmission media, and its purpose in mind. The
purpose of any transmission media, whether it is optical fibre cables or radio link systems, is
to carry signals and data from one point to another. This is often done in the form of data bits,
and, therefore, capacity is measured in bits per second. For this study, the common
measurement is megabit per second (Mbps), and distance is measured in kilometres. As any
system operates only during a limited space of time, the systems lifespan, it was decided to
use one year as a reference time. This means that all parts of a system, and their respective
environmental load, are divided with their estimated lifespan to get the figures for one year of
use.

When looking at the functional unit, it is more comfortable to disregard the time unit (year),
and use only the capacity and distance. This is less accurate, but as it is normal to present
facts and numbers in a per-year basis, the two remaining, more unusual factors are less likely
to cause confusion.

3 Scope of the study

3.1 Background

3.1.1 Radio relay systems

Radio relay systems consists of radio units that are connected to each other over a distance to
transmit information. This is done with radio waves through the air. Usually this works by
having the radio send its signals with the help of a coaxial cable or a waveguide to a parabolic
antenna situated at an appropriate position with a free line of sight to the other receiving
antenna of the second radio unit. The antenna can both transmit and receive at the same time.
When only two radio units are connected to each other over a distance, this is called Point-to-
Point (PP). There exits systems where one central radio unit connects several radio units. This
is called Point-to-Multipoint (PMP).
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Radio relay systems consists of various major elements. These can be summed up as
Terminals, Repeaters, and Antennas.

• A terminal transforms the digital signals to radio frequencies and vice versa. Different
kinds of equipment can be found in a terminal, but generally there will be a transmitter, a
receiver, modulator, and antenna branching. Often there will be power supply units,
coolers, and multiplexors.

• A repeater is a station that transmits the radio signal further if there is some kind of
obstacle between the radio relay units. Two types of repeaters exist – passive and active.
The active repeater will amplify the signal and regenerate it before transmitting it further.
Passive repeaters can consist of a reflecting metal screen that will steer the signal into a
new direction, but can also be built with connected antennas without amplifier equipment
(Back-to-Back).

• Antennas come in a great variety of sizes and designs, but the most common is the
directional parabolic antenna.

Earlier, radio relay systems saw its use foremost in the transportation network at national and
regional level. At first analogue radio links were used, and then digital PDH systems was
built, later to be superseded by digital SDH. The normal capacity of digital radio links is
between 2-155 Mbps per channel. The digital radio relay networks expanded at the same time
as the first optical fibre networks were being built.

3.1.2 Optical fibre cables

An optical fibre cable is built up using a number of fibre strands in a protective sheath. For
direct burial installation, such as in this study, the cables usually have a central strength
member, around which a slotted core is placed. The slotted core then houses the fibre strands
in bundles. Optical fibre cables have a capacity that is rapidly increasing. In one pair of
optical fibres, 2.5 Gbps can be transmitted, and cables come with 12, 24, 48, and 96 (or more)
fibres per cable. Lately, the capacity has increased further with the advent of DWDM. This
technology enables an optical fibre pair to carry as many as a dozen signals at the same time,
each with a capacity of 2.5 Gbps. The number of signals that can be carried increases year by
year, the upper limit more determined by cost than by technology.

3.1.3 Current use of transmission methods

The breakthrough of the optical fibre cables meant that radio relay systems lost its importance
in the transportation network, with the exception of sparsely populated areas, and areas where
it could not be economically motivated to locate cables. When the mobile telephone industry
boomed in the early 1990’s, radio relay systems came to be an alternative to laying cable to
base stations for GSM. This is especially true for some of the competitors of Telia, who did
not have to connect to Telia’s access network other than where it was absolutely necessary.
Radio link is also a fast way to purchase communication capacity for companies and
institutions with demand for broadband communications (Intranet, Internet). The current radio
link systems that are growing in numbers are small, flexible systems, where the equipment
takes up little space, and requires little attention.



Telia                                                                      Life cycle assessment of radio relay systems

13

Lately, PMP-systems have matured and developed. These new systems are flexible and can be
built over large areas, replacing telephone wire to the subscriber in the local access network.
The capacity varies, but ranges from ISDN to 2 Mbps (and up).

3.2 Choice of systems to be studied

The first problem encountered in the study related to the choice of radio link systems to be
included in the study. As this choice has a great impact on the outcome of the project, it was
important to make a decision that would give results that could be used by Telia. The systems
to be included had to fill certain criteria, but one system ought to be as new as possible, and
another had to be an existing system with potential for expansion and upgrades.
This would limit the number of radio relay systems to two, but the scale of the work would
not be affected. The system boundaries had to be set, and in doing so the practical issues of
time to gather relevant information had to be taken into account. It was decided that only the
actual equipment and infrastructure associated with the systems was to be included. The
difficulty in comparing radio relay systems with optical fibre cables is to find where the
difference between the transmission media lie, and what is similar, so that system boundaries
could be set, and equipment chosen. This procedure is common (and necessary) when
performing an LCA.

To find the relevant radio relay systems, an inventory of the existing systems used within
Telia was made, and from this a numbers of candidates were chosen.
The systems that were left after the inventory are presented below.

NERA NL290 NERA Citylink NEC 900 Pasolink Mini-link E
Country of origin Norway Norway Japan Sweden
Frequency band 6.2 GHz 18, 23, 25 GHz 18 GHz 7, 15, 23, 26 GHz
Power consumption 140 W (1+0)

286 W (1+1)
78 W (1+0)
170 W (1+1)

175 W 42-54 W (1+0)
88-101 W (1+1)

Weight, 1+0 (IDU) 50 kg 4 kg 32 kg ~2.8 kg
Weight, 1+1 (IDU) 130 kg 8+4 kg - ~7.5 kg
Weight, ODU - 8.5 kg 10 kg 7 kg
Capacity n+1 STM1 STM1 STM1 2-34 Mbps
Hop length <60 km <15 km <15 km varies
Table 3.1.  Comparison table for different radio relay systems (IDU=Indoor Unit, ODU=Outdoor Unit).

Two systems, the Nera NL290 and the NEC 900 Pasolink are high capacity links capable of
long range hops, while NERA Citylink and Ericsson Mini-link E are smaller systems often
made for shorter hops. Citylink and Mini-link E differs in capacity, but are basically very
similar in appearance. The NEC 900 system was found to be in limited use, and there was said
to be no plans for building new networks using the system. Therefore, it was excluded from
the study. The Nera Citylink is a very new system, and at the time when the choices had to be
made, Telia only had a few systems running for trial purposes. Though promising in its small
design, and offering high capacity over short distances, the fact that it was not available in a
network forced the Citylink to be excluded. The Ericsson Mini-link E is very similar, but
offers lower capacity, but also greater hop lengths in the lower frequency bands. It is a
relatively new system, and has the added benefit of being one of the most numerous systems
in use in Sweden, if not the most numerous. Hence, the final two systems selected for the
study were the Nera NL290 and the Ericsson Mini-link E.
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Infrastructure and network elements had to be chosen carefully, but here some of the work
done in previous LCA project could be used as a guide. Masts and towers used for radio relay
systems were studied, and the Telia mast 76/1000, and the WIBE tower ALTA was selected.
Both are built up using elements manufactured with similar processes, and are quite common
in use in both mobile networks, and radio relay stations. The technical building associated
with almost all Telia new and future networks, whether telephone or mobile phone, is the
Ödåkra 2 building. This is a small, steel frame hut, similar to a container with a roof.

Optical fibre cables in networks can carry large quantities of information, up to several
hundred gigabits per second. In this study, however, the cables were seen as alternatives to
radio relay, and where the two competes, the capacity needed is not overwhelming. Therefore,
the choice of capacity was more directed toward finding a realistic level, where both optical
fibre cables and radio relay systems could be seen as valid alternatives.

4 System boundaries

4.1 Definition of the life cycles

Nature is the cradle for the systems in the study. The system boundary between nature and the
life cycles is passed when raw material is extracted and produced.

Nature is also the grave for the system. Outflows from the system in the form of emissions
will end up in the ground, air or water. Emissions from deposited material through leach water
and production of gas, are not known and not included in the study. This means that deposited
waste is considered an outflow from the system. Different types of waste are designated in a
way that makes it clear what material is referred to. This will enable the environmental impact
of the deposited materials to be estimated or investigated at a later stage.

When burning of waste occurs, the burning process is included in the system. Emissions to air
and ash or other waste from the burning process are outflows from the system.

4.2 Boundaries toward other life cycles

All raw materials used for production of new materials are considered to be virgin (produced
from non-recycled material).

Most of the materials are reused or recycled when they reach the end of the use phase. Mostly
it is metals that are taken care of. The degree of recycling is mentioned in section 6.9. Metals
are most probably used for the manufacture of new products, and this means that it is an open-
loop-recycling, differing from a closed-loop-recycling where the material is used for the same
product again.
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For material that is recycled, the environmental load is distributed between the studied
function or product life cycle and the life cycle where the material is used after recycling. This
is done through allocation. The allocation method used in this study is the 50/50 method. This
method is an approximation of an expanded system boundary. The method has been used in
all of the previous LCA studies at Telia, and can be described as follows:

Suppose that three different life cycles (three different products) use the same material. The
first system use virgin material, the second product is manufactured with recycled material
from the first, and the third use all of the material from the second product after recycling. All
of the material form the third life cycle is deposited after use. The following rules apply when
using the 50/50 method:

• 50 % of the environmental load from the extraction and production of virgin raw material
used for the first product is allocated to the first product life cycle, and 50 % to the
products in proportion to the loss of materials to nature from these life cycles. This is true
if no material is lost in the recycling process or in the manufacturing process for product 2
and 3 respectively. In this case the life cycle for product 3 is burdened with 50 % of this
environmental load.

• 50 % of the environmental load from the recycling process of the material is allocated to
the respective life cycle from where the material came, and 50 % to the life cycle where
the recycled material is used.

• 50 % of the environmental load from the final waste deposit/burning of the material is
allocated to the life cycle where the virgin material was used and 50 % to the life cycle of
the product where the material saw its final use. Hence, 50 % of the environmental load
from the final material handling is allocated to product 1, and 50 % to product 2.

4.3 Boundaries within the life cycle

For all of the systems in the study, radio relay equipment and optical fibre cables, the
manufacturing process, waste management, transports, and operation (power consumption
and, therefore, the production of electricity) are included. This means that network elements,
transmission equipment and infrastructure needed to build an operational system are included.
The power consumption of power supply systems, cooling fans, and obstruction lights are also
included.

No personnel or offices are included in the life cycle, nor are research and development,
installation and service. This is because of the study being based on cases. It would be
difficult to determine the number of personnel needed to build and operate a station, and the
associated environmental load. However, the service organisations are different for cable land
lines and radio relay systems, and the exclusion of them is a weakness in this study.

4.3.1 Production of electricity

The production of electricity and other types of energy carriers are included in the system.
Both energy resources (fossil fuels and natural uranium, potential energy for hydropower, and
kinetic energy for wind power) and emissions are included.
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Electricity is then treated as an internal parameter within the system, that does not flow in or
out over the system boundaries. The environmental load for the production of electricity is
included in all processes where the electricity is consumed.

4.3.2 Inflows not followed to the cradle

Certain flows of material into the system are not followed all of the way back to the cradle.
Putting (in) after the name of the flow marks these parameters.

4.3.3 Outflows not followed to the grave

Certain flows of material out of the system are not followed all of the way to the grave.
Putting (out) after the name of the flow marks these parameters.

4.4 Geographical boundaries

4.4.1 Nera NL290

Nera Networks AS manufacture the Nera NL290 in Bergen, Norway. The radio rack and
service rack that constitute the indoor units are built up of many components, and it is likely
that many of these are bought from, and manufactured by, companies located outside of
Norway (this is true for the antennas). Therefore, a European average for the production of
electricity consumed in the manufacturing process has been used in this study. This
production mix is an average of European electricity production (CORINAIR 1996 and
Eurostat 1997). This electricity is based to a high degree on coal and other fossil fuels, part
nuclear power, and smaller part hydropower. For the parts of the radio relay system built in
Norway, it is assumed that this includes the manufacturing of the circuit boards. The
electricity produced in Norway can for all practical purposes be considered to consist of only
hydropower. This is accurate to within a percent.

Nera Electronics AS manufactures the Nera antennas used in both NL290 cases in Bergen,
Norway, but some elements of the antenna are manufactured elsewhere by sub-contractors. In
the cases of two suppliers, English and a Hungarian, a European electricity average is used.
The energy (electricity) used to manufacture and assemble the antennas at the factory in
Bergen is an average of the total energy used, divided by the number of antennas produced in
1998.

4.4.2 Ericsson Mini-link E

The Ericsson Mini-link E is assembled in Borås by Ericsson Microwave Systems AB. Parts of
the radio link is manufactured in Denmark, and for those parts a European electricity average
is used.

The electricity consumption at the Borås facility for the manufacture, assembly, and packing
of the various units in the Mini-link E system was calculated by Ericsson.
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4.4.3 Masts and towers

AB WIDE in Mora, Sweden manufactures the ALTA tower. The 76/1000 mast is also
manufactured in a factory in Mora.

4.4.4 Operation

In all cases the operation of the systems is assumed to take place in Sweden. The electricity
used is based on a 1995 average of Swedish electricity production. The source of the data and
more detailed background information is available in appendix VII.

4.4.5 Waste management

The waste management process is located in Sweden. This is true for all six cases. All cases
are based on the same assumptions and background information in regards to how and where
the remains end up and are treated. It can be assumed that the same basic procedures are
followed whichever company is responsible for the waste management. For information on
the recycling and deposition of scrap metal, waste, and other fractions used in the study, see
section 7.9.

Optical fibre cables are granulated and burned after the end-of-life.

4.5 Boundaries in time

All of the systems in study utilise the latest available technology. For the radio links, the latest
versions of the models in the study are looked at, but this does not mean that they represent
the latest available technology overall. The lifespan of the various systems, and equipment
used in this study were taken from earlier LCA-projects where applicable, or from sources
inside Telia. A list of the systems and their respective lifespan can be found in appendix VIII.

5 Flow diagram

The flow diagrams for the six different cases are presented in appendix I. These are the
process trees used in LCAiT.
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6 Methodology

6.1 Survey of the technical systems

A survey was conducted of the technical systems involved in both the radio relay and optical
fibre cases. For the optical fibre cases, earlier studies were used as guides.

6.2 Data collection

The data to be used in the study was collected after contacts with the concerned parties were
taken, and their co-operation secured. In order to get the relevant data, questionnaires,
formulated under the supervision of Dag Lundén, were used.

One company visit was made to gather data on the manufacturing process. This was AB
WIBE, the manufacturer of the ALTA tower. This visit made possible a closer look at the
factory, and the environmental concerns associated with the production process. With the help
of staff at the company, a detailed flow of the materials used for the masts and towers was
created, and data on emissions and waste from the production process were found.

Nera Electronics AS supplied information on the manufacture of antennas.

Ericsson Microwave AB supplied information on the manufacture of the Mini-link E radio
link.

This study uses the old data for the manufacturing of electronics supplied by Ericsson for use
with earlier studies. In the cases where the manufacturing process was unknown, the materials
composition of the system were identified, enabling the use of the Ericsson supplied data.
This is especially true for the radio relay systems, where the weights of the circuit boards
were found. The extraction and production on other materials were taken from the CIT
database.

Remaining equipment and systems had all been looked at in earlier LCA studies conducted at
Telia. Where new information was gathered it was incorporated in the old data.

Data on the operation (power consumption) of all electrical equipment was supplied by the
manufacturers or found in catalogues and information pages.

Transports used and distances were in most cases assumptions, and based on earlier studies
performed at Telia. Only in a few specific cases could the exact distances and modes of
transportation be found; Ericsson Mini-link E manufacture and Nera antennas manufacture.

6.3 Interpretation of data and calculation of inventory results

The interpretation and the calculation of the inventory results are based on the collected data.
LCAiT, a program from CIT for life cycle assessments, was used to perform the calculations
and build the process trees.
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6.4 Method used for environmental impact assessment

The standard EN ISO 14040:1997 gives some leeway on how the environmental effect
assessment is supposed to be conducted. In the work document for Impact Assessment in ISO
(ISO/CD14042.3) a procedure is given how to conduct an environmental impact assessment.
This is followed in this study, but no normalisation is made. The steps included in the
environmental effect assessment made in this study are the following:

• Choice of environmental effects to be considered.
• Classification and characterisation.

6.5 Choice of environmental effect categories

The recommended environmental effects according to the SETAC work group on Impact
assessment are presented in table 6.1 below. The environmental effects chosen are presented
in section 9.1, table 9.1.

Environmental effect categories
1.   Resource depletion

1.1  Energy
• Renewable
• Non-renewable
1.2  Material
• Renewable
• Non-renewable
1.3  Water
1.4  Land

2.   Human health
2.1  Toxicological impacts
2.2  Non-toxicological impacts
2.3  Work environment

3.   Ecological effects
3.1  Global warming
3.2  Depletion of stratospheric ozone
3.3  Acidification
3.4  Eutrofication
3.5  Photo-oxidant formation
3.6  Ecotoxicological impacts
3.7  Habitat alterations and impacts on biological diversity

Categories that are practical to include:
4.   Inflows not followed to the “cradle”
5.   Outflows not followed to the “grave”

Table 6.1.  Effect categories that can be included in a life cycle assessment (according to the Working Group on
Impact Assessment, SETAC, 1997, somewhat modified).
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In this study the use of land is not included. Although land is used for mining operations
where metals are extracted, and for the laying of cables into the ground as well as building
radio relay sites, it is excluded for several reasons. It is very difficult to find data on how
much land is used for a certain function. The way the land is changed by the function is also
an unknown factor. Also, the methodology to calculate the environmental effects that come
from the use of land is not yet fully developed. In many life cycle assessments land use is
presented by stating it as an inventory parameter measured in m2year, but this is not possible
to do in this case as data is lacking.

Water is not included in this study. Data on the consumption of water are not available to the
same extent as other parameters. This is in part due to the fact that many of the systems are
used in Sweden and Norway, and that water is not seen as a scarce resource. Even though data
on the water consumption was made available from some companies, the general lack of data
prohibits the use of this parameter.

The depletion of renewable resources, both energy and material, are excluded from the study.
They represent only a small part of the total use of resources for material and energy, and as
they are renewable they are not as interesting to follow as the non-renewable resources.
Nevertheless, the renewable resources used are accounted for in the inventory. The use of
renewable resources comes from the manufacture of Ödåkra buildings (wood), hydroelectric
power production, and biomass for heat- and electricity production.

Work environment effects are not included. No personnel are included in the study.

Alterations to habitat and impacts on biological diversity are not included in the study. The
cause-effect chain is not fully understood, as the effect can be a result independent of the
other environmental effects in table 6.1, and/or caused by other effects later in the cause-
effect chain.

The general nature of the study prohibits the use of human toxicological and ecotoxicological
effects. The locations of the emissions are not known, and as the effects of an emission can
vary greatly dependent on where the emission takes place it is difficult to determine the
effects. This is in complete contrast to the global effects that can come from emissions where
the location makes little difference. In order to use these effect categories, further data on the
emissions, such as the exact location and altitude, the chemical transformation of the
emission, and the concentration is needed, and even then the uncertainties would be too large.

6.6 Classification

In this step the potential environmental effects that the different environmental load
parameters cause are defined. In the tables in appendix II, corresponding to the graphs in
appendix IV, the parameters associated with the respective environmental effects for the
different cases are presented. The characterisation factors used are also presented in these
tables. This means that the classification is not performed as an individual step in this study.
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6.7 Characterisation

The characterisation is the step in which the various environmental effect categories are
defined by the use of a single unit for each environmental effect. For example, GWP (Global
Warming Potential) is used to measure the greenhouse effect in CO2-equivalents. The
potential contribution to the effect from the different parameters in the inventory is then
scaled. In the case of the global warming potential this is done by measuring the amount in
grams of CO2-equivalents per gram of emission. The total contribution to a certain effect
category can then be calculated by adding the shares from the different parameters. To
exemplify this the case of NOx can be used. One gram of NOx corresponds to 7 grams of CO2,
or 7 grams of CO2-equivalents per gram of emission of NOx. This means that each gram of
NOx contributes to the greenhouse effect seven times that of a gram of carbon dioxide.

The units chosen for the characterisation are presented in table 8.1.

6.8 Valuation

Valuation is used as a method to interpret data in cases when the results are contradictory.
When one effect category points to one result another effect category can point to the
opposite. Valuation is the process where the relative importance of different environmental
effects is weighed against each other, and a final collective sum can be calculated. The
valuation process is very subjective and is not used in this study.

6.9 Scenarios used in the study

Six scenarios, or cases, are used in this study. Four of these are based on the use of radio relay
systems as a transmission media, while the final two are based on the use of optical fibre
cables. Closer looks at the different cases are presented in appendix VI.

6.10 Comparison of the systems

The choice of what transmission media to use in each individual case is based on a lot of
factors. In this study, the transmission media are seen as valid alternatives to each other, i.e.
that the different types of transmission media are said to be transparent in the respect that is
does not matter what type is used.

The boundaries for the systems are set to be equivalent in all cases.
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7 Data

7.1 Inventory

The procedure followed for the inventory is presented in chapter 6.

7.2 Definitions and units

The following units have been used in the study:

• Gram (g) for emissions, resource depletion, and waste.
• Megajoule (MJ) for power consumption and fuels (energy carriers used as internal

parameters). When collecting the data the most common unit used to express power
consumption is kilowatt-hours (kWh). One kWh equals 3.6 MJ.

• Megabit per second (Mbps) and Gigabit per second (Gbps) for measuring the capacity of
transmitting bits of data for transmission media.

Environmental load parameters are expressed in factors that describe emissions to air, water,
and ground, as well as resource depletion and waste production.

7.3 Data quality

The goal for all systems in the study was that the data should be of equal quality, so as to
enable comparison between the systems. The data should be good enough to be able to
calculate the environmental impact from the systems with reasonable certainty. The goals are
presented in the table below:

Part of the system Original data quality goals
Manufacture, production, and assembly
of respective parts (mast/tower, radio
links, transmission elements, cable burial,
construction of site/station

1. Specific data from suppliers (as new as
possible, 1999)

2. Identification of materials and/or literature
data

3. Data from earlier Telia LCA’s
Manufacture, production, and assembly
of parts with the largest, and potentially
largest, environmental load found in the
systems

1. Specific data from suppliers (as new as
possible, 1999), but foremost material
composition of components and subsystems

2. Identification of materials and/or literature
data

3. Data from earlier Telia LCA’s
Manufacture/production of materials in
components/systems

Literature data/data from the CIT database. This
data is modified in the respect that the production
of electricity is geographically representative

Operation of systems (radio links,
transmission elements, station equipment)

Specific data from suppliers (as new as possible,
1999)

Table 7.1.  Data quality goals set for the study.
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7.3.1 Uncertainty assessment

On the outset of the project, contact was taken with suppliers and companies responsible for
the equipment and infrastructure used in the study. Specific data on the manufacture,
transports, and materials used was asked for. The outcome of this resulted in a varying quality
of the data received.

For the network elements, cables, and some station equipment, the information used come
from previous Telia LCA’s (Hedén, 1998, 1999). This is background data gathered for these
LCA’s, and can therefore be considered to be second-hand in nature.

For the optical fibre cables the bulk of the information come from a previous degree project
(Tingstorp, 1998). This was updated with new data on the dismantling of cables, but even so it
must be considered second-hand.

For the Mini-link E Ericsson supplied the material composition of the construction. Electricity
consumption from the manufacture of the radio unit, as well as the refining of the other parts
constituting the radio link system is based on an average of the production. Through the
materials composition, the manufacture of materials was included. Any other manufacturing
processes are unknown, as data was unavailable. The exception to this is the manufacture of
circuit boards and components, where data from Ericsson supplied to earlier LCA’s was used.
The energy consumption was adjusted to Swedish conditions. This data consist of information
gathered by Ericsson for their LCA-projects. Data on emissions and material use in the
manufacture of circuit boards and components are incorporated in a generalised printed circuit
board. This can then be used as a substitute for circuit boards when there is a lack of specific
information regarding the actual product.

Nera supplied information on the material composition of the NL290 radio link. No data on
the manufacture in itself was received. Data on the manufacture of circuit boards and
components are based on original data from Ericsson. The energy consumption was adjusted
to Norwegian conditions. The circuit boards used in the NL290 might not be comparable to
the generalised Ericsson printed circuit board, but this is to be taken into consideration when
the results are discussed. Nera also supplied information on the manufacture of antennas; in
this case the material composition and average energy consumption.

Materials in the station equipment and the Ödåkra station building were identified to as high
degree as possible with the help of building plans and drawings of the construction. Through
the materials composition, the manufacture of materials could be included. Any other
manufacturing processes are unknown, as data was unavailable.

For the production or construction of foundations and roads, and the raising of the masts with
mobile crane, estimations on machine hours were given independently from several sources.
The fuel consumption figures for heavy equipment are based on average use, and most
certainly includes time for idle.

The operation of systems and equipment are specific data from the suppliers.
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The set goals regarding the data quality could not be met, as it was not possible to obtain data
from the suppliers on several steps in the manufacture process. The use of data on the
manufacture of electronics from Ericsson ought to be better than the alternative to only
include production of materials.

Several estimations were made in order to get figures on the production phase of the radio
link systems. Likewise, the production (burial) of cable is an average based on three stretches
of cable laying in the middle part of Sweden. This means that it is not certain that the data is
applicable to other parts of Sweden. Since each radio relay site is unique, it is not possible to
say how much in err the estimations are; fuel consumption figures could vary by as much as a
factor of ten, though that seems unlikely.
For the manufacture of equipment it could be said that the materials in themselves are usually
the larger consumer of energy than the refining that occurs when the material is transformed
and machined into products. Certain processes are prone to emit large quantities of
hydrocarbons and toxic substances, but there is little indication that they should be any more
polluting than the manufacture of electronics in general. In fact, components and circuit
boards are normally the step in the manufacture that will consume the most energy. Since data
for the electronics manufacture is included in the study the effect of the data gaps on the other
manufacturing processes is lessened. Even though the manufacture probably has a higher
environmental impact in reality than in this study, the difference should not be more than
twice that of the figures used.

7.4 Electricity

7.4.1 European electricity

European electricity average corresponds to the production of electricity for the countries
within the EC and the base load in 1994. The sources are: Eurostat 1997 b & c controlled
against the Eurostat Energy Balance Sheets (Eurostat 1997a) and Energy Statistics of OECD
Countries, 1994-95 (OECD 1997). The emissions are principally based on CORINAIR
(1996). More detailed information are presented in appendix VII. This electricity average was
also used in the earlier LCA studies performed at Telia.

7.4.2 Swedish electricity

Detailed information on the Swedish electricity average used in this study regarding
emissions and references is presented in appendix VII.

7.4.3 Norwegian electricity

Norwegian electricity is assumed to consist mainly of hydroelectric power. In 1997
hydroelectric production made up 99.5 % of the total Norwegian power production of 112,008
MWh according to Statnett.

More detailed information on emissions and references can be found in appendix VII.
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7.5 Transports

The following statements and assumptions regarding type of transports and distances were
used in the study. All transports handled in the program LCAiT are of the type heavy truck,
highway (70 % load factor), except where otherwise noted.

7.5.1 Nera NL290 radio relay system

The Nera NL290 radio link is manufactured in Bergen, Norway. Data on the origin of the
different parts of the radio link are not available. The antennas are assembled in Bergen, but
are not altogether manufactured there. Parts of the antennas are manufactured in England, and
then shipped by boat to Bergen, a distance of 1500 km1. Another supplier is located in
Hungary, and the parts are transported with truck, 2000 km, to Bergen for final assembly.
There are also a few suppliers in Norway, in close proximity to the factory, 20 respectively 30
km by truck.
It is assumed that the radio link and antennas are transported with truck to Karlstad, 650 km,
and from there to the radio relay site. This transport is also made by truck, and the average
distance is estimated to 300 km.

7.5.2 Ericsson Mini-link E

Ericsson assembles the Mini-link E at a factory in Borås. Various suppliers build the parts for
Ericsson, and ship them to the factory. A Danish company manufactures the frame and
antennas. The parts are then transported by truck, 350 km, to Borås. Other parts are
manufactured in Småland, Sweden, and are then transported by truck, 125 km, to Borås.

After final assembly and testing, the Mini-link is transported directly to the site. The
estimated distance is 300 km, and the mode of conveyance is by truck.

7.5.3 Masts and towers

Both the mast and the tower share the same basic manufacturing process, and all transports of
material to the factories are nearly identical. Based on an average of where the suppliers are
located, and modes of transportation, an average transport of material to is composed of 420
km truck, 60 km train, and 100 km ship/ferry2.

The mast, 76/1000, is manufactured in a factory in Mora, Sweden. The mast elements are
transported directly to the building site with a truck. The estimated distance is 300 km.

AB WIBE manufactures the ALTA tower, in a factory outside of Mora, and like the 76/1000
it is transported directly to the building site from the factory. The distance to the site is
estimated to 300 km.

                                               
1 Ship, container.
2 Heavy truck, highway (70 %); train, el.; ship, container.
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The concrete foundations used for the tower and mast are made of cement and sand,
transported to a local concrete station by truck over a distance of 50 km. From the concrete
station, trucks take the mixed concrete to the construction site. This distance is assumed to be
50 km1.

7.5.4 Transmission equipment

Marconi manufactures the transmission equipment (ODF, STM/ADM-equipment) used for
optical signalling, and the systems are shipped from Latina, Italy to Nässjö, Sweden, the
central storage facility used by Telia. Roughly 50 % goes by train, and 50 % by truck.
The total distance is estimated to 2,400 km, that is 1,200 km by train and 1,200 km by truck2.
The transmission equipment is then taken to the station with truck, 300 km.

7.5.5 Optical fibre cable

The optical fibre cable is associated with a wide variety of transports, both in the
manufacturing and production phase. When laying the cable into the ground several types of
material are used to restore the location to its original state. Also, the optical fibre cable in
itself is embedded in new material in the ditch where it is laid.

The pipe is transported from the manufacturer to Nässjö with truck, 117 km and from Nässjö
to the construction site, a distance of 245 km3.

The asphalt starts out as oil, and is transported with ship from Venezuela to Göteborg or
Nynäshamn, a distance of 2,000 km4. It is then transformed into bitumen, and this is then
transported to an asphalt plant. This transport is assumed to be 100 km and made by truck.
The asphalt is taken from the plant, 60 km with truck, to the construction site5. There, it is
mixed with 94% rock gravel, taken from a nearby gravel pit.

The natural gravel used in the ditch and in the restoration of the ground is taken from a nearby
gravel pit, and transported to the construction site with truck 63.9 km. The rock gravel is
taken from a gravel pit/crushing mill to the construction site with truck, a distance of 53 km6.

Optical fibre cables are assumed to be manufactured by Ericsson Cables in Härnösand, but for
the purpose of this study, a Telia survey made by BTL in 1995 is used. The survey made an
inventory of the transports of an optical fibre cable in Sweden. It was assumed that the cable
started its journey in Göteborg, and was transported to Nässjö by truck, 191 km. From Nässjö,
the cable was transported out into the country another 284 km by truck7.

                                               
1 Medium truck, rural (50 %).
2 Train, diesel; heavy truck, highway (70 %).
3 In the former heavy truck, highway (full), and the latter heavy truck, highway (50 %).
4 Ship, bulk carrier.
5 Heavy truck, highway (50 %), and medium truck, rural (50 %).
6 In both cases medium truck, rural (70 %).
7 It was assumed that the cable was transported to Nässjö by a full truck, and that 20 km of the distance was in
urban areas: heavy truck, highway (full), and light truck, urban (full). From Nässjö to the site another 20 km of
the distance was in urban areas: heavy truck, highway (70 %), and light truck, urban (40 %).
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7.5.6 Ödåkra building and station site

The Ödåkra 2 buildings are manufactured in Grytgöl, Sweden, and are transported from the
factory by truck, 200 km, to the station site. The foundation and road is made from gravel, and
this is taken from a gravel pit/crushing mill near the construction site. This transport is made
by truck, and is assumed to be 50 km1.

7.5.7 Other transports

The dehydrators used are manufactured by Flair in Belgium. They are transported to Karlstad
with truck, 1,100 km, and from there to the radio relay site, 300 km by truck.

Elproman AB in Stockholm sells the waveguides and terminations to Telia, though they are
manufactured in Germany by RFS Kabelmetal. Hence, the waveguides are shipped to
Elproman 1,100 km by truck, and then transported to the radio relay site by truck over an
assumed distance of 300 km.

The fan is manufactured by PM LUFT AB, and is transported to the station by truck. The
distance is assumed to be 300 km.

Powec manufactures the PPS6 power supply system in Drammen, Norway. The unit is
transported with truck to Nässjö, a distance of 490 km with truck. From Nässjö it is taken to
the station by truck, 300 km.

The batteries are assumed to be manufactured by either Hawker Batteri AB or Tudor AB.
They are transported to the station by truck, a distance of 300 km.

Transports to a plant for the recycling of electronics are assumed to be by truck, 300 km2.

Metals that to be melted for reuse, are transported by truck, 300 km. Transports to
Rönnskärsverken are assumed to be 300 km and made by truck3.

Transports to waste incinerator plant is assumed to be 300 km and made by truck4.

Transports to district heating plant is assumed to be 300 km and made by truck5.

Transports to waste deposit is assumed to be 50 km and made by truck6.

                                               
1 Medium truck, rural (70%).
2 Heavy truck, highway (50 %).
3 In both cases, heavy truck, highway (50 %).
4 Heavy truck, highway (50 %).
5 Heavy truck, highway (50 %).
6 Heavy truck, highway (50 %).
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7.6 Manufacture of the systems and equipment

7.6.1 Radio relay systems

Data on the manufacturing process of the two radio relay systems in the study were supplied
by the concerned companies.
• Ericsson Microwave Systems AB supplied the data on the manufacturing and transports of

Mini-link E (Andersson, C.).
• Nera Electronics AS supplied information on the manufacturing of antennas (Heen, A.).
• Personnel at Nera Networks AS weighed, and supplied information on, the NL290 radio

link (Rødland, J.).
• The waveguides used for the different radio relay systems are manufactured by RFS

Kabelmetal in Germany. No data on the manufacture is available, but the Swedish
wholesaler, Elproman AB, supplied data on the material composition (Niskanen, M.).

7.6.2 Optical fibre cables

Data on the material composition of optical fibre cables were taken from earlier studies
performed at Telia (Hedén, 1998). The direct burial installation cable, GASLDV 24×10/125,
is manufactured by Ericsson Cables AB. The cable pipe, PE 32/26, A 952 7437, is also used,
and the data originates from an earlier report (Hedén, 1998).

7.6.3 Transmission equipment

The data gathered for earlier reports (Hedén, 1998) was used. This included information on
the material composition of network elements. The electronics used in the systems were based
on assumptions of a general electronics index prepared by Ericsson. For the rack, frames etc.
the information was supplied by the manufacturer Marconi, Italy.
The Msh11c STM/ADM-unit was slightly modified compared with that used in the earlier
studies, with new data on regarding the weight and size (Ostwald, M.). This information was
incorporated in the old data.

7.6.4 Masts and towers

AB WIBE supplied data on the manufacturing of the ALTA tower (Johansson, N., and
Larsson, F.). The mast, 76/1000, is manufactured using similar processes, and the data on the
ALTA tower was modified slightly to suit the 76/1000. The choice of towers and masts to be
used in the study was a decision based on conversations with personnel at Telia working with
infrastructure (Lorentzson, B.).

7.6.5 Ödåkra station building

Data on the manufacture of the Ödåkra station building is based on an earlier degree project
report (Tingstorp, 1998). This data is an identification of the materials in the construction
from drawings of the construction supplied by KL Industri AB, Grytgöl, Sweden.
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7.6.6 Station equipment

PM-LUFT AB manufactures the fan used for the cooling of the station, Telia fan LBTA-3-
250 (Hedén, 1998). The original data used in earlier reports was modified somewhat based on
new information from the manufacturer PM-LUFT (Falk, M.).

Powec manufactures the power supply system, PPS6.00, used in the stations. With the help of
catalogues the weight and materials were estimated, and by using data for a standard rack
with the same dimensions as the one used in the PPS6, a material composition could be
calculated.

The batteries used are of a type common for this type of installation. Ericsson supplied a
material composition for one of their batteries to be used in an earlier Telia LCA (Hedén,
1998), and this is used to approximate the batteries used in this study. This follows the
example set in earlier Telia LCA’s. Personnel at Telia helped with the choice of batteries to be
used in the specific cases, and the lifetime of the specific batteries. (Lundqvist, K.).

7.7 Production of infrastructure, cable burial and stations

Production in this study means the actual work done to place manufactured parts onto sites, or
into the ground. For instance, a mast is manufactured at a factory and is then transported to a
site. At this point the production ensues with the excavation of holes for the foundation,
raising of the mast with the help of a mobile crane, and also the restoration of the ground
when the site is demolished after its end-of-life. For the optical fibre cables, production means
the work required burying the cable in the ground, excavation, filling with gravel, and ground
restoration after the cable is removed after its end-of-life.

Telia Mobile AB gave estimations on the work required to raise an ALTA tower and a
76/1000 mast (Lundmark, K-I.). This included the excavations done for the foundations and
the road to the site. Other personnel at Telia Mobile AB confirmed these estimations
independently of the previous information supplied (Ståhlberg, B.).

Personnel at Ralling AB, Malmö, Sweden, supplied data on the fuel consumption for a typical
mobile crane.

The density of gravel was calculated based on information in literature (Stripple, H., 1995).

In an earlier report (Tingstorp, 1998), calculations on the burial of optical fibre cables in
earth, rock, and by ploughing, was based on data supplied by the contractors. This
information was used in this study, but filled out with new information on the dismantling of,
or removal of, the cable from the ground after its end-of-life (Andersson, P-A.).

The fuel consumption for the various heavy construction equipment used comes from Schakt
& Planering AB, and a table they use in the contact with customers. The figures for the fuel
consumption are average, and includes time for idle. The machines used in this study are the
Huddig 760 and 960 backhoe loaders and the excavator Åkerman ÅH7B.
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7.8 Operation of the systems and equipment

7.8.1 Radio relay systems

The power consumption for the two radio relay systems is based on information in catalogues
from the manufacturers, Nera and Ericsson.
According to personnel at Telia Mobile AB, the experience is that there is little discrepancy
between the data supplied by the manufacturers and the actual figures on the power
consumption (Forsberg, T.).

Telia Mobile AB estimated the power consumption for the dehydrators. Although it is
difficult to assess how high the power consumption is, as this is a function of the condition of
the waveguide, figures on a worst and best case consumption was discussed and agreed upon
(Rask, L.).

7.8.2 Transmission equipment

Earlier studies provided data on the power consumption of transmission elements (Hedén,
1998, Eriksson & Östermark, 1998.). However, this data was modified based on new
information supplied by personnel at Telia (Nyberg, M. and Lindahl, P.). The Msh11c ADM1
transmission element is a smaller and more modern version of the equipment used in the
earlier studies, and hence, the power consumption is lower.

7.8.3 Masts and towers

The mast and towers do not require any electricity per se, but the very nature of a high
structure makes it necessary to place low intensity obstruction lights at the top of the
constructions. Telia Mobile AB, was contacted and personnel supplied information on the
power consumption on such obstruction lights (Stenman, B-G.).
It was found that two types of light were used: one bulb type of older design and one LED
light that was used on trial. It was decided that the bulb type, RL30, could be used in the
worst cases scenarios, while the LED light, Obelux SSL-10, could be used in the best case
scenarios. The lights operate continuously, 24 hours per day, and the manufacturer catalogues
supplied figures on the power consumption.

7.8.4 Station equipment

The power consumption for the fan used for cooling of the station was given in catalogues,
but as the fan operates only when necessary, an average figure for a year had to be found.
Personnel at Telia were consulted on the average use of a fan (Petterson, P.). The fan starts
only when the temperature in the station reaches a certain predetermined figure. This means
that the number of hours a fan operates during a year is dependent upon many factors, such as
the location of the station, local climate (whether the station is in shadow most or the day,
wind etc.). It is assumed that the fan runs at full power for two months of a year. This is
probably a high estimate, but this is on purpose.
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The batteries for the backup power supply system are constantly recharged. Telia personnel
helped with the calculations on the power consumption for this recharging based on the
chosen batteries, and their capacity (Lundqvist, K.).

7.9 Waste management

Assumptions on the waste management of different fractions are based on the earlier Telia
reports (Hedén, 1998). The figures for recycling in those reports are based on data from
Lennart Edvinsson, Gotthard-Ragnsells Elektronikåtervinning AB.

Material Type of recycling Degree of recycling
Iron and steel Metal recycling, almost complete 100 %
Aluminium Metal recycling, almost complete 100 %
Zinc Metal recycling, almost complete 100 %
Copper Metal recycling, almost complete 100 %
Lead Metal recycling, almost complete 100 %
Silver Metal recycling, almost complete 100 %
Gold Metal recycling, almost complete 100 %
Other metals Metal recycling, almost complete 100 %
(not metals on
circuit boards)

Degree of
recycling/deposit

Plastics Burning in waste incinerator plant 100 %
Wood Burning in district heating plant 100 %
Filling material Deposit 100 %
Refilling
material

Refilled to ditch 100 %

Circuit boards
(plastics and
metal remains)

Burning in Rönnskärsverken, ash
deposited

100 %

Optical cable Granulated and burned 100 %

Other material
(unidentified)

Deposited 100 %

Table 7.2.  Degree of recycling, deposition, or burning for different alternatives of waste management.

In accordance with earlier studies conducted at Telia, integrated circuits for recycling and
hazardous waste are not specified. They represent a total mass of 1-2 % of the average
electronics scrap.
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Optical fibre cables are granulated and burned for reasons of safety. This is done with
consideration to the sharp glass fibre strands that would otherwise endanger people and
animals moving about on landfills. This process also eliminates the risk that old, faulty optic
fibre cables are reused without the knowledge and permission of the owner.

Metals such as steel, iron, aluminium, and zinc are assumed to be recycled in a smelting plant
for scrap metals. It is assumed that copper, lead, and silver is transported to Rönnskärsverket
in Skellefteå, Sweden, together with scrap metal and electronics and circuit board scrap.
Currently it is not possible to recycle tin.

7.9.1 Waste incineration

Burning of waste in waste incineration plants takes place in all scenarios, but also burning in
district heating plants. Mostly it is plastics that are burned, but also wood from the Ödåkra
buildings.

8 Results of inventory and calculations

8.1 Inventory of the six cases

Six cases are included in the study. To make it easier to read this report the results of the
inventory of each case are presented in tables in appendix III. These tables are the result of the
inventory of the manufacture, production, transports, operation, and waste management
phases of the systems. An interpretation of the results is made after the characterisation,
where the inventory results are expressed as potential environmental impacts for each impact
category.

9 Classification and characterisation

9.1 Introduction

In chapter 6 a short presentation on impact assessment was given, and the recommended
effect categories to be included in a LCA was listed in table 6.1. Only the effect categories
where data was available are included in the calculation of the characterisation. These effect
categories are presented in table 9.1 on the following page. The motivations to exclude certain
effect categories are discussed in chapter 6.5.
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Main category Subcategory Unit of the characterisation
factor

Resource depletion 1.1  Non-renewable energy and
material resources

1 / kg resource reserve

Ecological effects 2.1 Global warming potential (GWP100)
2.2 Ozone depletion potential (ODP)
2.3 Acidification (AP)
2.4 Eutrofication (EP)
2.5 Formation of photo-oxidants

g CO2-eq. / kg
g CFC11-eq. / kg
g SO2-eq. / kg
g NOx-eq. / kg
g ethene eq. / kg

Table 9.1.  Effect categories used for the classification and characterisation in this study.

9.2 Classification

The classification of different resources and emissions into effect categories are presented in
appendix II.

9.3 Characterisation

The factors used in the characterisation, and the effect categories are presented in tables in
appendix II.

9.4 Results of the characterisation

The characterisation results are presented in graphs for each case in appendix IV, and for all
cases together in appendix V.

9.5 Interpretation of the characterisation results

The results are interpreted and commented upon in this section.

9.5.1 Global warming potential

The results are presented in graphs 4.1, 4.6, 4.11, 4.16, 4.21, 4.26, 5.1-5.4.

When comparing global warming potential of the different transmission media, it is obvious
where the difference between radio relay systems and optical fibre cables lay. Whereas optical
fibre cables show a relatively small contribution from the manufacturing of cable and network
elements compared with the production phase, i.e. the laying of the cable into the ground,
radio relay systems emit the majority of greenhouse gases during the manufacturing phase.
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The best case scenario for optical fibre cable (Optimax) is only slightly better than the best
case radio relay scenario (NL290max), and no real conclusion can be drawn from the
difference. Overall, the differences between the optical fibre cases and the Nera radio relay
cases are not great. The Ericsson Mini-link E cases are the two that emit the most greenhouse
gases per functional unit, but again, the difference between the best case Mini-link scenario
(MLEmax), and the worst case optical fibre case (Optimin) is only marginal. This is a bit
surprising considering the difference in capacity (34 Mbps for the MLE compared to 155
Mbps for the cable).

When looking at the emission of greenhouse gases during operation, radio relay have a much
higher overall power consumption, and this is reflected on the operation phase. Optical fibre
cables only use a small circuit board with a laser on it, to transmit the signal over distances
such as in the cases in the study. Radio relay systems need to use a lot more energy to be able
to transmit the radio waves over the same distance. The difference between the best Nera
case, and the best optical fibre case is nearly 35 times in favour of the optical fibre. For the
Mini-link, there is a big difference between the best and worst case scenario and it can be seen
that for MLEmin, the station/site has a higher proportion than for the MLEmax. The same is
true for NL290min and NL290max. This is the result of the choice to incorporate the LED
obstruction light in the study. These light are only now being tested by Telia, but the low
power consumption, less than 8 W compared to 115 W for the traditional bulb lights, is
reflected in the lower value for global warming potential in the two cases where they are used.

Optimax and Optimin

The majority of greenhouse gases are produced when laying the cable and dismantling it.
Nearly two thirds of the total greenhouse gases come from the production phase together with
transports. Most of the transports are associated with the burial of, and dismantling of, cable.
Hence, the conclusion can be drawn that the use of fossil fuels in the production phase play a
major part in the case of optical cables used as a transmission media when global warming
potential is looked at. The greenhouse gases from the waste management phase come from the
burning of plastics from cable and Ödåkra buildings.

NL290max and NL290min

It is difficult to draw any absolute conclusions from the results obtained in the study regarding
the Nera NL290 and the global warming potential. The operation phase of the life cycle is not
very prominent when it comes to producing greenhouse gases.

MLEmax and MLEmin

No absolute conclusions can be drawn from the results obtained in the study regarding the
Mini-link cases and the global warming potential. It can be said that the operation phase is
small in comparison to the manufacturing and production phase, but that is all.
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9.5.2 Abiotic resource depletion potential

The results are presented in graphs 4.2, 4.7, 4.12, 4.17, 4.22, 4.27, 5.5, 5.6.

For this effect category, all cases show similar characteristics. The manufacturing phase is
dominant, and the waste management phase is apparent. When looking at the manufacturing
phase, it can be seen that it is the manufacturing of backup batteries for the power supply
units, that contributes the most to the depletion of resources. This is due to the use of lead and
selenium in the batteries. The difference between using free ventilated (FV) and ventilation
regulated (VR) batteries can be seen in this study, but is too small to draw any real conclusion
from. It can be noted, however, that the increased lifespan for FV-batteries mean that less
resources need to be used.

The waste management phase is showing a recovery of resources, and in the cases this comes
from recovered silver. No conclusion will be drawn on this, as there are some uncertainties as
to the accuracy of this calculation and the data it is based upon.

9.5.3 Acidification potential

The results are presented in graphs 4.3, 4.8, 4.13, 4.18, 4.23, 4.28, 5.7, 5.8.

This effect category shows large differences between the different transmission media as to
where the acidification originates. For radio relay systems, the main contributor is the
manufacturing phase. Masts and towers, station equipment and radio link all add to the
acidification. The manufacturing of components and circuit boards are dominant in the
manufacturing of radio systems and transmission elements. For optical fibre cables, the
production phase, with the laying of the cable into the ground, and subsequent removal of it at
its end-of-life, contribute the most to the acidification. The excavators, backhoe loaders, and
other machinery used in the production process run on diesel fuel, which results in release of
nitric and sulphuric oxide emissions. The other big contributor is the manufacturing of the
cable itself, and the plastic pipe it is buried in.

The difference between the two optical fibre cases is 16 times. The worst case is the MLEmin,
releasing fully 115 times as much SO2-equivalents as the best case, Optimax. The Nera cases
place themselves in the middle, better than the Mini-link cases and the worst of the two
optical cases, Optimin (though not by much), and a little worse than the Optimax case. The
differences are not large, though.

All systems use Swedish electricity during the operation phase. Since Swedish electricity is
based mostly on hydro and nuclear power, and only a few percent come from fossil fuels, the
release of nitric oxide and sulphuric oxide emissions is minor.

The waste management phase for the radio relay systems gives a negative contribution to the
acidification, and this is mostly due to recycling of steel and aluminium. The masts and
towers used are quite easily recycled after scrapping, and likewise the aluminium parts in the
antennas and cabinets. The optical fibre cases differ in the respect that the majority of waste
generated is filling material. This is either refilled or driven to dumping sites. This adds to the
acidification as the dumped material is taken care of.
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9.5.4 Eutrofication potential

The results are presented in graphs 4.4, 4.9, 4.14, 4.19, 4.24, 4.29, 5.9, 5.10.

The release of nitrogen and phosphorus as emissions lead to eutrofication of land and sea
ecosystems. When looking at the different systems, it is clear that they differ in where the
emissions originate. Comparing the three transmission media with each other, the optical fibre
cable, the Nera NL290 and the Mini-link E radio links, the only obvious case worse than the
others is the case of MLEmin. The optical fibre cases show the usual difference of around 16
times, but compared to the Nera cases they all fall within a difference of ten times.

For the Mini-link E radio relay systems, it is difficult to establish a particular phase in the
lifespan that contribute more than other phases. As has been noted before though, the
operation phase is quite small compared to the rest of the phases, and this is once again due to
the Swedish electricity being based on other forms of energy than fossil fuels. The transports
are quite prominent, but this is deceiving as they contribute to a smaller extent than both the
production and manufacturing of the systems. However, the difference is not large enough to
draw any conclusions from.

The Nera NL290 systems both show a large contribution from the manufacturing of the radio
link. In both cases this entry is clearly the biggest, and most important contributor to the
eutrofication. This is due to the high content of circuit boards in the systems. Circuit boards
and the components used are very energy consuming to manufacture, and this is reflected in
the results, and can also be seen when looking at the NL290max case, where the transmission
elements are more clearly visible than in the NL290min case. In the latter case, only one
ADM1 terminal is used, while in the former two are used. However, the numbers for the
transmission are not of such magnitude that any conclusions can be drawn from them.

Optical fibre cables require a much higher degree of work in the production phase. This is
when the cable is laid into the ground. Excavators, backhoe loaders and other equipment are
used to bury the cable and pipe. At the end-of-life, the cable is dismantled, using much of the
same technique that was used when it was first laid into the ground.
This use of construction equipment is clearly visible in the results, as the production phase is
by far the most prominent phase in the release of nitrogen.

9.5.5 Ozone depletion potential

The results are presented in graph 5.13.

The only contributing factor to the breaking down of atmospheric ozone is Halon-1301. This
is used when the circuit boards and the components are manufactured, most likely in the
cleaning process. As the data for the manufacturing of circuit boards is general in nature, it
may vary with different manufacturers. Currently, many manufacturers of circuit boards and
components are phasing out CFC's in the washing process, and replacing them with other
substances, such as water. It is, therefore, difficult to judge how relevant this particular impact
category is. Since it is all based on the emission of only one substance, and the fact that this
substance may, or may not, be used in the manufacturing process, perhaps it is best to
disregard this effect category.
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The results obtained can, however, be looked upon as a guide to the emissions that come from
the manufacturing of circuit boards, and components, and the relative importance of those
emissions when comparing different systems. This is true since the content of ozone depleting
gases are related directly to the percentage of circuit boards present in the complete systems.

9.5.6 Photo oxidant creation potential

The results are presented in graphs 4.5, 4.10, 4.15, 4.20, 4.25, 4.30, 5.11, 5.12.

The difference between the systems in the study when looking at this effect category, mainly
lie in the fact that while the optical fibre cases show only two major contributors,
manufacturing and production phase, the radio relay cases are less distinguished. The worst
case is yet again the MLEmin. The second worst case is the Optimin, 16 times larger than the
Optimax, and 28 respectively 10 times larger than the NL290max and NL290min cases. The
operation phase is not an important factor during the life cycle in this effect category.
Compared with other phases, the operation consumes a relatively small amount of energy, but
more important, the Swedish electricity used comes only to a small extent from the burning of
fossil fuels.

For the optical fibre cases, it is the manufacturing of the HDPE cable pipe that accounts for a
large percentage of the creation of photo oxidants during the manufacturing phase. The
contribution from the optical cable itself is almost negligible. After the manufacturing phase,
the production phase is prominent. The heavy construction machinery used emits
hydrocarbons when burning the diesel fuel they run on. Both the manufacturing of the cable
and the laying of the cable into the ground (production), are similar in both cases, and require
almost the same work per kilometre. This is reflected in the results, where the Optimin is 16
times worse than the Optimax, the very same ratio as the difference in capacity in the study,
155 Mbps versus 2.5 Gbps.

The Nera NL290 cases show similar characteristics in this effect category as in the earlier. It
is difficult to point to any single phase as being bigger than the rest, but it can be seen from
the results that the transports are contributing more in the NL290min case than in the
NL290max. This is the result of the 76/1000 mast having earth foundations in the NL290min
case, and rock foundations in the NL290max. The much larger reinforced concrete
foundations required when anchoring the mast and the guy ropes in earth, instead of on top of
rock, can be seen as an increased release of hydrocarbons in this effect category. This is of
course due to the larger volume of material used for the earth foundations. The NL290 radio
link is also standing out, but not more than could be expected considering its high content of
circuit boards.

The Ericsson Mini-link E radio link, as used in the cases in this study, is not a big contributor
to the release of photo oxidants in itself. However, overall the two Mini-link cases stand out
due to their lower capacity. In both cases the transports are a big factor. The gravel roads to
the station sites and the transports associated with the building of them, stand for nearly 50 %
of the total environmental load from transports in this effect category.
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10 Conclusion and discussion of the results

10.1 Assumptions and scenarios

10.1.1 Comparisons within the systems

The systems are compared with respect to the contribution from the system life cycle to the
environmental effect categories.

10.1.2 Functional unit

The choice of functional unit affects the study most profoundly. Since one of the parameters
in the functional unit is the capacity of the transmission media, systems with a high capacity
will spread the environmental load over a higher number of bits of data. This is significant, as
future transmission media might well have capacities in excess of Terabits per second.

In this study, the optical cases were given a fairly low capacity, but as they were compared
with radio relay systems, and that the two media were seen as alternatives to each other, this
was deemed fair. Even so, the capacity of the best case optical fibre case is eight times that of
the best radio relay case.

The argument could be made that the capacity is of limited use in a study like this, but in that
case only the distance covered by the transmission media would be of interest. How this
would affect the results can only be speculated upon. However, if a rough estimate is made it
shows that while the best optical fibre case would exhibit environmental loads around 2,500
times higher than the current, the Mini-link cases would rise with eight and 34 times
respectively. It is apparent that the burial of cables would then exhibit emission levels much
higher than the alternatives in the study

Changes to the assumed lifespan used for the equipment could affect the results on the
environmental impact over the life cycle of the different systems. It is, however, believed that
the lifespan used are plausible.

10.1.3 Scenarios used in the study

Six different scenarios are used to compare alternatives in the study. Whether these are
realistic or not is difficult to judge. The cases were all built up with the help of personnel
familiar with the use of the systems, and several independent sources confirmed the validity
of the cases. A station/site can vary greatly in its appearance, therefore, it was deemed
impossible to look a specific stations or sites, and instead likely scenarios were constructed.

Changes to the scenarios would affect the outcome of the study.
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10.1.4 Assumptions on electricity production

The assumption to use Swedish electricity average in the operation of equipment is not a
conclusion of the study.

The use of European electricity average in the manufacture of equipment could affect the
outcome of the results. This would have a greater consequence in the radio relay cases than in
the optical fibre cases, as the production phase of the latter is the important phase in terms of
environmental impact.

10.1.5 Assumptions on waste management

In the study, the degree of recycling is assumed to be 100 % (see section 7.9, Waste
management). While the entrepreneur responsible for the figure states that the degree of
recycling is almost total, this is not realistic, and thus the estimation is too high. This,
however, does not have a great effect on the outcome of the study, and the conclusion reached
remains.

10.2 Methodology

10.2.1 Inventory

Based on similar studies done, the choice to allocate according to the 50/50-method has little
effect on comparisons between the systems.

10.2.2 Environmental impact assessment

The depletion of natural resources is based on a method where known resource reserves
(reserve-to-base) are used. The alternative to this is to use the current rate of extraction of the
resource (reserve-to-use). The use of this method would not significantly change the outcome,
or any of the conclusions. In the case of energy, oil would increase in importance in
comparison to uranium.

The global warming potential is calculated for a 100-year perspective. The alternatives are to
use time scales of 20 or 500 years. In the 20-years time scale, the importance of other gases in
relation to carbon dioxide increase, while in the latter case they decrease.
In this study, carbon dioxide is the most prominent source for the greenhouse effect by far, so
little would change with the use of any of the two alternatives.
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10.3 Data gaps

10.3.1 Inventory

The optical fibre cases are based on an inventory made in an earlier report (Tingstorp, 1998).
Certain new information on the dismantling of cables was available at the time of this study,
and this new data was incorporated with the old data.
For the manufacturing of the Nera NL290 and Ericsson Mini-link E radio links no data other
than the composition of materials were available, except for some figures on the energy
consumption in the refining of Mini-link E components. This means that processes such as
machining, assembly, transforming are excluded. The manufacture of electronics in the
systems is based on data from Ericsson, and includes all steps in the manufacturing process.
Based on the data available, it can be assumed that the extraction and production of materials
is more important than the later stages in the manufacturing process.

For the towers and masts, data on the complete manufacturing process is available, and this
shows that the materials used are more important than the refining that takes place in the
factory.

10.4 Conclusion and discussion

Based on the above mentioned assumptions, the uncertainty assessment in section 7.3.1, and
the interpretation of the characterisation results, the following conclusions are reached:

Comparison of the three types of transmission method solutions

The difference between five of the cases is small, while the sixth case, MLEmin, exhibits
higher emissions overall than the others. The lowest contribution to each impact category
(with the exception of photo oxidant formation) comes from the Optimax case, also the
scenario with the highest capacity in the transmission method. The tendency for the radio
links is that higher capacity results in a lower environmental impact. Hardly a surprising
result, it does show, however, the similarity between the two radio link systems. Even the
much bulkier Nera link compensates for its size and weight with a high capacity.

The results are valid for the scenarios presented and analysed. The data on the operation of the
systems are in all cases much more reliable than the data on manufacture, transports,
production, and waste management.

The environmental impact from the operation phase, or the use of the systems, is negligible
for all transmission media used in this study in comparison to the manufacture, production
and transports.

Since no valuation is made in this study, that is no impact category carries more importance
than the other does, the results are not conclusive. Low capacity systems show a tendency
toward higher environmental impact, but most of this come from the manufacturing phase and
is the result of heavy use of infrastructure for a small system.
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The high capacity transmission methods, optical fibre cables radio links, are almost equal in
their performance, with a slight lean toward the optical fibre cables, but this is well within the
margin of error.

Hot spots for the different systems

An optical fibre cable is labour intensive to bury into the ground, and hence the production
phase is the most prominent feature of the environmental impact profile. Three types of burial
are used: burial of cable in earth, rock or with plough. Of these, ploughing a cable into the
ground is a lot less demanding than digging a trench to bury the cable in, whether the trench is
dug in earth or rock. The production/burial generates a lot of waste and transports. In this
study it is assumed that the cable is dismantled or taken out of the ground after its end-of-life.
If this is not necessary, only the actual burial of the cable will be included in the production,
resulting in an almost halving of the environmental impact from this phase. Second to the
production/burial phase come the manufacture of the cable and pipe.

Radio links exhibit similar characteristics in the environmental impact profile. It is difficult to
find one particular phase that is presents itself more than any other does. For the Nera radio
link, the high content of circuit boards present in the construction stand for a high degree of
the environmental load from the whole system.

Masts and towers are heavy and made of steel, This means that they are fairly demanding on
materials and energy, but they can be recycled as scrap metal. The use of concrete foundations
is necessary to securely anchor the antenna carrier, mast or tower, to the ground. If the
foundation is placed in earth, a hole is needed to accommodate the foundation, and the
foundation itself needs to be heavier. A rock foundation is anchored to the ground using the
concrete as adhesive and reinforcing iron in drilled holes to keep it in place. This means that
the foundation can be made smaller, as the rock in itself provides a steady base on which to
build.

The use of backup batteries in the power supply system in the stations can be seen in the
abiotic resource depletion category. Batteries, with their high content of lead and selenium,
are the single most important factor in regards to the use of non-renewable resources. This is
true for all six cases.

10.5 Suggested improvements

The identification of the phases and parts with the most environmental load leads to the
inevitable discussion on improvements in the systems:

• When planning new routes for optical fibre cables, the direction should be chosen so that
as much as possible of the cable can be buried with ploughing, since this requires the least
amount of work.

• For optical fibre cables, strive to build the cable together with other construction efforts,
such as roads, sewer systems, or installations for cable television.
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• Secure the cable installation for the long term, so that it can be left in the ground if
possible, after its end-of-life. The dismantling of a buried cable is as work intensive and
costly as the process of burying it in the first place.

• For radio links, use existing infrastructure to as high degree as possible. Masts can be
reinforced to handle additional antennas if necessary. Smaller radio links can be placed on
roofs of buildings.

• When building new infrastructure for radio relay or mobile phone sites, endeavour to
build the mast/tower on solid rock base, as the foundation can be made a lot smaller than
an equivalent foundation in earth.

The operation of equipment and systems is hardly of concern, but the use of less energy
demanding equipment should always be a goal. The low intensity obstruction lights in use on
masts and towers sometimes consume electricity than the radio links that are placed in the
station building below. In this study LED lights, currently on trial, showed that it is indeed
possible to save energy (1/12th power consumption) even on such small items as lights in
masts.

Smaller radio links are presently available, and this new generation is highly capable. Usually
they tend to made for shorter distances, but they could indeed be seen as alternatives to both
the older high capacity radio link systems, and optical fibre cable installation (if the demand
for capacity is relatively low).

The response from companies when approached with questions for this study varies, but
overall the response has been positive. The ongoing work with environmental issues in the
companies is probably the reason.
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Appendix I Flow diagrams

I.I   MLEmin flow diagram

Flow diagram I.a.  Process tree for the system MLEmin.
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I.II   MLEmax flow diagram

Flow diagram I.b.  Process tree for the system MLEmax.
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I.III   NL290min flow diagram

Flow diagram I.c.  Process tree for the system NL290min.
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I.IV   NL290max flow diagram

Flow diagram I.d.  Process tree for the system NL290max.
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I.V   Optimin flow diagram

Flow diagram I.e.  Process tree for the system Optimin.
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I.VI   Optimax flow diagram

Flow diagram I.f.  Process tree for the system Optimax.
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Appendix II Classification and characterisation tables

Classification

The table below states which resources and emissions that are classified in each respective
effect category.

Explanation to the abbreviations: 1, ADP (Abiotic resource Depletion Potential); 2, GWP
(Global Warming Potential); 3, ODP (Ozone Depletion Potential); 4, POCP (Photo Oxidant
Creation Potential); 5, Acidif P (Acidification Potential); 6, Eutrof P (Eutrofication Potential).

Parameter

1 2 3 4 5 6

Enriched uranium,
Sweden, MJ-1

x

Oil, MJ-1 x

Coal, MJ-1 x

Gas, MJ-1 x

Oil (r) x

Crude oil (r) x

Natural gas (r) x

Coal (r) x

Peat (r) x

Natural uranium (r) x

Uranium (r) x

Uranium (as pure U) (r) x

Uranium [as pure U] (r) x

U (r) x

Uranium (ore) (r) x

Crude oil, feedstock (r) x

Natural gas, feedstock (r) x

Coal, feedstock (r) x

LP-gas (r) x

Carbon (in) x

Diesel (r) x

Ag (r) x

Silver (in) x

Cd (r) x

Co (r) x

Cu (r) x

Cr (r) x

Fe (r) x

Mo (r) x

Ni (r) x

Ni (ore) (r) x

Nickel (ore) (r) x

Pb (r) x

Sb (r) x

Sn (r) x

Sn (ore) (r) x

Ti (r) x

W (r) x

Zn (r) x

Zn (ore) (r) x

Zr (r) x

Iron ore (r) x

Fe (ore) (r) x

Manganese ore (r) x

Manganese (r) x

Manganeese ore (r) x

Ferromanganese (r) x

Bauxite (r) x

Zinc oxide in ore (r) x

Mineral, Cu2S/Fe2S3 (r) x

Copper ore [0,35 % Cu] (r) x

Copper ore (40gAg/t] (r) x

Copper ore [0,7 % Cu] (r) x

Ore [1% Pb] (r) x

FeS2 (r) x
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Steel (in) x

Tin solder/soldering paste
(in)

x

CO2 x

NOx x x x

NO2 x x x

N2O x

SO2 x

SOx x

SO3 x

Acidification equivalent
(H+)

x

CH4 x x

HxCy except CH4 x x

Hydrocarbons (except
methane)

x x

HC x x

Hydrocarbons
(unspecified)

x x

VOC x x

NMVOC x x

CO x x

HCl x

H2SO4 x

H2S x

NH3 x x

SF6 x

HCl x

HF x

NH4+ x

CFC-11 x x

CFC-12 x x

CFC-13 x

CFC-14 x

CFC-113 x x

CFC-114 x x

CFC-115 x x

CFC-116 x

HCFC-22 x x

R 22 x x

HCFC-123 x x

HCFC-124 x x

HCFC-125 x

HCFC-134a x

HCFC 141b x x

HCFC-142b x x

HCFC-143a x

HCFC-152a x

HCFC-225ca x x

HCFC-225cb x x

Halon 1301 x x

Halon 1211 x

Halon 1202 x

Halon 2402 x

Halon 1201 x

Halon 2401 x

Halon 2311 x

HFC-23 x

HFC-32 x

HFC-41 x

HFC43-10mee x

HFC-125 x

HFC-134 x

HFC-134a x

HFC-152a x

HFC-143 x

HFC-143a x

HFC-227ea x

HFC-236fa x

HFC-245ca x

Perfluoromethane, CF4 x

Perfluoroethane, C2F6 x

Perfluoropropane, C3F8 x

Perfluorobutane, C4F10 x

Perfluorocyclobutane,
C4F8

x

Perfluoropentane, C5F12 x

Perfluorohexane, C6F14 x
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CCl4 x x x

CHCl3 x x x x

CH2Cl2 x x x

CH3Cl x x

CH3CCl3 x x x

EDC x x x x

VCM x x x

TRI x x x

Trichloroethene x

PER x x x x

Trichloroethane x x x

Cool media, R-407C x

Cool media, R404A x

Ethane x x

Propane x x

Propene x

Alkanes C>=4 x x

Alkane (unspecified) x x

Alkanes x x

Alkane x x

Acrolein x x

Acrylonitrile x x

Aldehydes x x

Benzene x x

Ethene x x

Ethylene x x

Alkenes C>=4 x x

Alkene (unspecified) x x

Acetylene (Ethyne) x x

Alkyne (unspecified) x x

Ethene oxide x x

Formaldehyde x x

in-propanol x x

Isobutane x x

Propene oxide x x

Propene x x

Pentane x x

Styrene x x

Toluene x x

Ethylbenzene x x

o-Xylene x x

m-Xylene x x

p-Xylene x x

Xylen x x

Xylene (unspecified) x x

Aromatics x x

Aromatic Hydrocarbons x x

Aromates (C9-C10) x x

Detyleneglycol monobu. x x

Dethyleneglycol monobu. x x

Dimethylformamide x x

Ethylenglycol x x

Ethylenglycol mono-n-b. x x

Ethyleneglycol mono-n-b. x x

Ethanol/IPA x x

Glycolether x x

Isopropanol x x

Isopropylalcohol x x

Ispropylalcohol x x

Metoxipropylacetat 100% x x

Metoxiprpylacetat 100% x x

Metoxipropylacetat 20% x x

Metoxipropanol x x

Metoxypropanol x x

Solvents x x

Solvents (no Cl) x x

Phenol x

Phenolics x

PAH x

N-tot (aq) x

N x

Tot-N (aq) x

Tot-N x

P-tot (aq) x

P (aq) x

Tot-P (aq) x
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Tot-P x

P2O5 (aq) x

MgPO4 (aq) x

Phosphate x

Phosphate (aq) x

Phosphate/nitrate x x

TOC x x

TOC (aq) x x

Organic C x x

BOD x x

BOD5 (aq) x x

BOD7 (aq) x x

COD x x

COD (aq) x x

CO (aq) x

NH3 (aq) x

NH4+ x

NH4+ (aq) x

HF (aq) x

NH4NO3 x x

Nitrites (aq) x x

NO2- (aq) x x

NO3- (aq) x x

Nitrates (aq) x x

Nitrates x x

HNO3 (aq) x x

Acid as H+ x

Acids (H+) (aq) x

H2SO4 (aq) x

H2SO4 x

H2S (aq) x

SO42- (aq) x

SO4 (aq) x

N2O (aq) x
NOx (aq) x
HCl x

CCl4 x x

CHCl3 x x x

CH2Cl2 x x

CH3CCl3 x x x
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Description of impact categories and valuation methods

A description of the different impact categories in the characterisation and the characterisation
factors used are given below. It should be noted, however, that the actual environmental effect
could not be described in this study. Instead, it is the potential contribution to different types
of environmental impact, based on an assumption of so called maximum contribution, where
differences in the recipient (receiving media) are not accounted for.

Depletion of non-renewable energy and material resources

It is only the non-renewable resources that are included in this study. The reason for this is
that in general, the environmental effect that come from the consumption of these resources
are much larger than the consumption of renewable. Also, it is only the non-renewable
resources that are in any danger of being impoverished. The renewable resources used for the
systems in the study are water power and biomass. They will not be subjected to any special
consideration in this study. The amounts used are small, and there can be found no real
reasons to include them.

Resources can be included in an environmental impact assessment by relating the amounts of
the different non-renewable resources to the total amount of extractable resource reserves, as
defined by World resources. This method is called “reserve to base” (Lindfors et al, 1995).

The characterisation factor for the “reserve to base” method are defined as follows:

Wij=1/Rij

where Rij is the supply of the worlds nature resource reserves worthy of extraction. The unit
for the characterisation factor is, therefore, kg-1. The unit for the effect category is then kg of
resource per kg of resource reserve (or g of resource per kg of resource reserve).

In this study the “reserve to base” method is used. With this method scarce metals will have a
greater impact than resources that are more abundant. The “reserve to use” method will have a
greater impact for the resources that are used the most, for example oil. By choosing the
“reserve to base” method, the consumption of scarce metals are made visible.

The following characterisation factors have been used:

Parameter (resource depletion) kg-1 Reference/comments
Uranium (ore) (r) 1,30E-11 Vattenfall 1996
Natural uranium (r) 5,96E-10 World resources 92-93
Uranium (r) 5,96E-10 World resources 92-93
Uranium (as pure U) (r) 5,96E-10 World resources 92-93
Oil (r) 8,09E-15 World resources 92-93
Crude oil (r) 8,09E-15 World resources 92-93
Crude oil, feedstock (r) 8,09E-15 World resources 92-93
Natural gas (r) 9,15E-15 World resources 92-93
Natural gas, feedstock (r) 9,15E-15 World resources 92-93
Coal (r) 7,00E-16 World resources 92-93
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Coal, feedstock (r) 7,00E-16 World resources 92-93
LP-gas (r) 9,15E-15 World resources 92-93
Diesel (r) 8,09E-15 World resources 92-93
Peat (r) 1,26E-14 See footnote1

Ag (r) 2,29E-09 calculated from the concentration in the
Earth’s crust

Cu (r) 2,86E-12 World resources 92-93
Copper ore [0,35 % Cu] (r) 1,03E-14 calculated from the value for Cu (r)
Copper ore (40gAg/t] (r) 9,16E-14 calculated from the value for Cu (r)
Copper ore [0,7 % Cu] (r) 2,00E-14 calculated from the value for Cu (r)
Fe (r) 3,05E-15 calculated from the concentration in the

Earth’s crust
Fe (ore) (r) 1,02E-15 33% Fe in Fe (ore) assumed
Steel (in) 3,05E-15 same value as for Fe (r) was used
Ni (r) 1,85E-11 World resources 92-93
Ni (ore) (r) 1,85E-13 same value as for Fe (r) was used
Pb (r) 1,23E-11 World resources 92-93
Sn (r) 7,46E-11 World resources 92-93
Sn (ore) (r) 7,46E-13 same value as for Sn (r) was used
Zn (r) 2,45E-12 World resources 92-93
Zn (ore) (r) 2,45E-14 same value as for Zn (r) was used
Manganese ore (r) 1,90E-15 same value as for Manganese (r) was used
Manganese (r) 1,90E-15 calculated from the concentration in the

Earth’s crust
Ferromanganese (r) 9,00E-14 calculated from the concentration of Mn in

the Earth’s crust
Bauxite (r) 6,93E-15 World resources 92-93
FeS2 (r) 1,43E-15 assumed to consist of 47 % Fe
Tin solder/soldering paste (in) 4,70E-11 assumed to consist of 60% Sn and 40% Pb

Global warming

The contribution to the global warming by different gases can be calculated with the help of
“Global Warming Potentials”, GWP, expressed as CO2-equivalents. These are calculated by
taking into consideration the different gases capacity to absorb thermal radiation, and their
lifespan in the atmosphere. This contribution to the change in radiation balance is then
compared to that of carbon dioxide. Since different gases have different lifespans, the CO2-
equivalents will vary slightly depending on the choice of time perspective. In this study 100
years was chosen (hence the name GWP100).

                                               
1 The value stems from an earlier work. During the project it was judged that peat was better estimated using
coal. This resulted in a characterisation factor 7,00E-16. This change does not affect the outcome of the study’s
results or conclusions. The used characterisation factor leads to a contribution that is less than per mil of the total
resource depletion for all systems in the study.
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The unit for the characterisation factor is g CO2-equivalents per kg of the current emission.
Therefore, the unit for the effect category is g CO2-equivalents.

Parameter (GWP) g CO2-eq Reference/comments
CO2 1 IPCC 1995
NOx 7 Naturvårdsverket 1992
NO2 7 Naturvårdsverket 1992
N2O 310 IPCC 1995
CH4 21 IPCC 1995
HxCy except CH4 11 IPCC 1995
Hydrocarbons (except methane) 11 Houghton et al. 1990
HC 11 Houghton et al. 1990
Hydrocarbons (unspecified) 11 Houghton et al. 1990
VOC 11 Heijungs et al. 1992
VOC, diesel engines 11 Heijungs et al. 1992
VOC, petrol engines 11 Heijungs et al. 1992
VOC, power plants 11 Heijungs et al. 1992
VOC, coal combustion 11 Heijungs et al. 1992
VOC, oil combustion 11 Heijungs et al. 1992
VOC, natural gas combustion 11 Heijungs et al. 1992
NMVOC 11 Heijungs et al. 1992
NMVOC, diesel engines 11 Heijungs et al. 1992
NMVOC, petrol engines 11 Heijungs et al. 1992
NMVOC, power plants 11 Heijungs et al. 1992
NMVOC, coal combustion 11 Heijungs et al. 1992
NMVOC, oil combustion 11 Heijungs et al. 1992
NMVOC, natural gas combustion 11 Heijungs et al. 1992
CO 3 Houghton et al. 1990
CFC-11 4000 IPCC 1995
CFC-12 8500 IPCC 1995
CFC-13 11700 IPCC 1995
CFC-14 4500 IPCC 1995
CFC-113 5000 IPCC 1995
CFC-114 9300 IPCC 1995
CFC-115 9300 IPCC 1995
CFC-116 6200 IPCC 1995
HCFC-22 1700 IPCC 1995
R 22 1600 IPCC 1995
R22 1600 IPCC 1995
R-22 1600 IPCC 1995
Cool media, R-22 1600 IPCC 1995
HCFC-123 93 IPCC 1995
HCFC-124 480 IPCC 1995
HCFC-125 3400 IPCC 1995
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HCFC-134a 1200 IPCC 1995
HCFC 141b 630 IPCC 1995
HCFC-142b 2000 IPCC 1995
HCFC-143a 3800 IPCC 1995
HCFC-152a 150 IPCC 1995
HCFC-225ca 170 IPCC 1995
HCFC-225cb 530 IPCC 1995
Halon 1301 5600 IPCC 1995
HFC-23 11700 IPCC 1995
HFC-32 650 IPCC 1995
HFC-41 150 IPCC 1995
HFC43-10mee 1300 IPCC 1995
HFC-125 2800 IPCC 1995
HFC-134 1000 IPCC 1995
HFC-134a 1300 IPCC 1995
HFC-152a 140 IPCC 1995
HFC-143 300 IPCC 1995
HFC-143a 3800 IPCC 1995
HFC-227ea 2900 IPCC 1995
HFC-236fa 6300 IPCC 1995
HFC-245ca 560 IPCC 1995
Perfluoromethane, CF4 6500 IPCC 1995
Perfluoroethane, C2F6 9200 IPCC 1995
Perfluoropropane, C3F8 7000 IPCC 1995
Perfluorobutane, C4F10 7000 IPCC 1995
Perfluorocyclobutane, C4F8 8700 IPCC 1995
Perfluoropentane, C5F12 7500 IPCC 1995
Perfluorohexane, C6F14 7400 IPCC 1995
CCl4 1400 IPCC 1995
CHCl3 5 IPCC 1995
CH2Cl2 9 IPCC 1995
CH3Cl IPCC 1995
CH3CCl3 110 IPCC 1995
EDC 11 IPCC 1995
VCM 11 IPCC 1995
TRI 11 IPCC 1995
PER 11 IPCC 1995
Trichloroethane 100 IPCC 1995
Cool media, R-407C 1600 CADDET 1997
Cool media, R404A 3700 CADDET 1997
Ethane 11 Heijungs et al. 1998
Propane 11 Heijungs et al. 1998
Propene 11 Heijungs et al. 1998
Alkanes C>=4 11 Heijungs et al. 1998
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Alkane (unspecified) 11 Heijungs et al. 1998
Alkanes 11 Heijungs et al. 1998
Alkane 11 Heijungs et al. 1998
Aldehydes 11 Heijungs et al. 1998
Benzene 11 Heijungs et al. 1998
Ethene 11 Heijungs et al. 1998
Ethylene 11 Heijungs et al. 1998
Alkenes C>=4 11 Heijungs et al. 1998
Alkene (unspecified) 11 Heijungs et al. 1998
Acetylene (Ethyne) 11 Heijungs et al. 1998
Alkyne (unspecified) 11 Heijungs et al. 1998
Ethene oxide 11 Heijungs et al. 1998
Formaldehyde 11 Heijungs et al. 1998
in-propanol 11 Heijungs et al. 1998
Isobutane 11 Heijungs et al. 1998
Propene oxide 11 Heijungs et al. 1998
Propene 11 Heijungs et al. 1998
Pentane 11 Heijungs et al. 1998
Styrene 11 Heijungs et al. 1998
Toluene 11 Heijungs et al. 1998
Ethylbenzene 11 Heijungs et al. 1998
o-Xylene 11 Heijungs et al. 1998
m-Xylene 11 Heijungs et al. 1998
p-Xylene 11 Heijungs et al. 1998
Xylen 11 Heijungs et al. 1998
Xylene (unspecified) 11 Heijungs et al. 1998
Aromatics 11 Heijungs et al. 1998
Aromatic Hydrocarbons (unspecified) 11 Heijungs et al. 1998
Aromates (C9-C10) 11 Heijungs et al. 1998
Detyleneglycol monobu. 11 Heijungs et al. 1998
Dethyleneglycol monobu. 11 Heijungs et al. 1998
Dimethylformamide 11 Heijungs et al. 1998
Ethylenglycol 11 Heijungs et al. 1998
Ethylenglycol mono-n-b. 11 Heijungs et al. 1998
Ethyleneglycol mono-n-b. 11 Heijungs et al. 1998
Ethanol/IPA 11 Heijungs et al. 1998
Glycolether 11 Heijungs et al. 1998
Isopropanol 11 Heijungs et al. 1998
Isopropylalcohol 11 Heijungs et al. 1998
Ispropylalcohol 11 Heijungs et al. 1998
Metoxipropylacetat 100% 11 Heijungs et al. 1998
Metoxiprpylacetat 100% 11 Heijungs et al. 1998
Metoxipropylacetat 20% 2 Heijungs et al. 1998
Metoxipropanol 11 Heijungs et al. 1998
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Metoxypropanol 11 Heijungs et al. 1998
Solvents 11 Heijungs et al. 1998
Solvents (no Cl) 11 Heijungs et al. 1998
PAH 11 Heijungs et al. 1998
TOC 6,8625 Baumann et al. 1993
TOC (aq) 6,8625 Baumann et al. 1993
Organic C 6,8625 Baumann et al. 1993
BOD 2,2875 Baumann et al. 1993
BOD5 (aq) 2,2875 Baumann et al. 1993
BOD7 (aq) 2,2875 Baumann et al. 1993
COD 2,2875 Baumann et al. 1993
COD (aq) 2,2875 Baumann et al. 1993
CO (aq) 3 Houghton et al. 1990
N2O (aq) 310 IPCC 1995
NOx (aq) 7 Naturvårdsverket 1992
CH3CCl3 110 IPCC 1995

Ozone depletion

This effect category concerns substances that contribute to the breaking down of stratospheric
ozone. The contribution from different gases can be calculated with the help of “Ozone
Depletion Potentials”, ODP, expressed as CFC-11-equivalents.  This characterisation factor
expresses the different gases potential to break down ozone compared to a common technical
freon, CFC-11. In this study, the ODP-values used for different gases correspond to a “steady
state”, that is a very long time perspective.

The unit for the characterisation factor is g CFC-11-equivalents per kg of the current
emission. Therefore, the unit for the effect category is g CFC-11-equivalents.

Parameter (ozone depletion) CFC-11-eq Reference/comments
CFC-11 1 WMO 1992
CFC-12 1 WMO 1992
CFC-113 1,07 WMO 1992
CFC-114 0,8 WMO 1992
CFC-115 0,5 WMO 1992
HCFC-22 0,055 WMO 1992
R 22 0,055 WMO 1992
HCFC-123 0,02 WMO 1992
HCFC-124 0,022 WMO 1992
HCFC 141b 0,11 WMO 1992
HCFC-142b 0,065 WMO 1992
HCFC-225ca 0,025 WMO 1992
HCFC-225cb 0,033 WMO 1992
Halon 1301 16 WMO 1992
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Halon 1211 4 WMO 1992
Halon 1202 1,25 WMO 1992
Halon 2402 7 WMO 1992
Halon 1201 1,4 WMO 1992
Halon 2401 0,25 WMO 1992
Halon 2311 0,14 WMO 1992
CCl4 1,08 WMO 1992
CHCl3 0,005 WMO 1992
CH2Cl2 0,0043 WMO 1992
CH3Cl 0,024 WMO 1992
CH3CCl3 0,12 WMO 1992
EDC 0,005 WMO 1992
PER 0,005 WMO 1992
Trichloroethane 0,12 WMO 1992
CCl4 1,1 WMO 1992
CHCl3 0,005 WMO 1992
CH2Cl2 0,0043 WMO 1992
CH3CCl3 0,12 WMO 1992
EDC 0,005 WMO 1992
PER 0,005 WMO 1992

Acidification

This effect category concerns those substances that contribute to the acidification of land, sea,
and lakes. The characterisation factor used is the amount of released protons, measured as the
capacity of 1 gram of the current substance to release hydrogen ions, compared to the same
capacity from 1 gram SO2. The unit is g SO2-equivalents.

The acidification lowers the pH-value in land- and water systems. The substances that
contribute the most are SO2, NOx, NH3, HCl and other acids.

The characterisation method used is the “maximum” method (Lindfors et al, 1995), where the
maximum theoretical effect is assumed. In the study, the difference between ground
characteristics in different areas is neglected.

In the table below, the used characterisation factors for the contributing emissions are shown.

Parameter (acidification) g SO2-eq Reference/comments
NOx 0,695652174 Heijungs 1992
NO2 0,695652174 Heijungs 1992
SO2 1 Heijungs 1992
SOx 1 Heijungs 1992
SO3 1 Heijungs 1992
HCl 0,876712329 Heijungs 1992
H2SO4 0,653061224 value for SO42- (aq) used
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H2S 2 stoichiometric formation of H+
NH3 1,882352941 Heijungs 1992
HF 1,6 Heijungs 1992
Phosphate/nitrate 0,7 value for HNO3 (aq) used (rounded off)
NH3 (aq) 1,88 same value as for NH3 used
NH4NO3 0,7 value for HNO3 (aq) used (rounded off)
Nitrites (aq) 0,7 value for HNO3 (aq) used (rounded off)
NO2- (aq) 0,7 value for HNO3 (aq) used (rounded off)
NO3- (aq) 0,7 value for HNO3 (aq) used (rounded off)
Nitrates (aq) 0,7 value for HNO3 (aq) used (rounded off)
Nitrates 0,7 value for HNO3 (aq) used (rounded off)
HNO3 (aq) 0,732 stoichiometric formation of H+
Acid as H+ 0,032 stoichiometric formation of H+
H2SO4 (aq) 0,653 value for SO42- (aq) used
H2SO4 0,653 value for SO42- (aq) used
H2S (aq) 2 stoichiometric formation of H+
SO42- (aq) 0,653 stoichiometric formation of H+
SO4 (aq) 0,653 value for SO42- (aq) used

Eutrofication

Eutrofication occurs when the nutritional balance is disrupted in a way that increases the
amount of nutritious substances. In aquatic ecosystems this leads to an increased production
of biomass, which can result in shortage of oxygen and death on the bottom. In terrestrial
systems deposition of substances containing nitrogen leads to an increased concentration of
nitrogen, which can lead to a change in the composition of species. When the addition of
nitrogen becomes larger than what the plants can consume, nitrate will leak out into the
subsoil water, causing particularly serious imbalances in the ecosystem.

The potential contribution to the eutrofication is expressed as NOx-equivalents (Nitrogen
oxide equivalents). This states the capacity to support biomass growth of 1 gram of the
current emission compared to the same capacity of 1 gram of nitrogen oxides.

In this study it is assumed that substances containing phosphorus also contribute to
eutrofication. The method where the maximum theoretical effect is assumed is used. No
difference is made between whether the recipient is limited to nitrogen or phosphorus, as such
information is not included in the inventory (Lindfors et al, 1995).

The unit for the characterisation factor is g NOx-equivalents per kg of the current emission.
Therefore, the unit for the effect category is g NOx-equivalents. The different characterisation
factors for the contributing emissions are presented in the table below.

Parameter (eutrofication) g NOx-eq Reference/comments
NOx 1 calculated from Heijungs 1992
NO2 1 calculated from Heijungs 1992
NH3 2,705882353 calculated from Heijungs 1992
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N-tot (aq) 3,285714286 calculated from Heijungs 1992
N 3,285714286 calculated from Heijungs 1992
P-tot (aq) 23,54 calculated from Heijungs 1992
P2O5 (aq) 10,28698 calculated from Heijungs 1992
MgPO4 (aq) 7,692 calculated from Heijungs 1992
Phosphate 7,692 value for MgPO4 was used
Phosphate (aq) 7,692 value for MgPO4 was used
Phosphate/nitrate 7,692 value for Phosphate was used
TOC 0,651 Bauman 1993
TOC (aq) 0,651 Bauman 1993
Organic C 0,651 Bauman 1993
BOD 0,169 Bauman 1993
BOD5 (aq) 0,169 Bauman 1993
BOD7 (aq) 0,169 Bauman 1993
COD 0,169 Bauman 1993
COD (aq) 0,169 Bauman 1993
NH4+ 2,54 calculated from Heijungs 1992
NH4+ (aq) 2,54 calculated from Heijungs 1992
NH4NO3 0,769 value for NO3- was used
Nitrites (aq) 0,769 value for NO3- was used
NO2- (aq) 0,769 value for NO3- was used
NO3- (aq) 0,769 calculated from Heijungs 1992
Nitrates (aq) 0,769 value for NO3- was used
Nitrates 0,769 value for NO3- was used
HNO3 (aq) 0,769 value for NO3- was used

Creation of photo chemical oxidants

The concentration of tropospheric ozone and other photo-oxidants has increased over the last
century. Low atmospheric ozone have a toxic effect on man and nature, and it is judged to be
one of the leading causes to the damage on forests in, amongst others, Scandinavia, West
Germany, the Alp countries, and the United States.

High concentrations of the low atmospheric ozone and other photo-oxidants are created in
chemical-atmospheric reactions with contribution of sunlight. High concentrations are
connected to the discharge of hydrocarbons in close association with the presence of NOx. If
the background levels of NOx are low, NOx could be the limiting factor to the creation of low
atmospheric ozone.

The potential contribution to the creation of photo-oxidants is expressed as C2H2(ethene)-
equivalents and is a measure of the current emissions capacity to create photo-oxidants
compared with the same capacity of ethene.

One problem when trying to quantify the contribution to the low atmospheric ozone is that
different hydrocarbons often are accounted, and presented, only as “hydrocarbons” when
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measured. The amount of specific hydrocarbons is therefore unknown. Herein lie
uncertainties, since the capacity to create ozone differ from different hydrocarbons.

The unit for the characterisation factor is g C2H2-equivalents per kg of the current emission.
Therefore, the unit for the effect category is g C2H2-equivalents. The different characterisation
factors for the contributing emissions are presented in the table below.

Parameter (photo-oxidant form.) g ethene eq Reference/comments
CH4 0,007  Heijungs 1992
HxCy except CH4 0,4 value for HC incl CH4 used; Heijungs 1992
Hydrocarbons (except methane) 0,4 value for HC incl CH4 used; Heijungs 1992
HC 0,4  Heijungs 1992
Hydrocarbons (unspecified) 0,4 value for HC incl CH4 used; Heijungs 1992
VOC 0,4 value for HC incl CH4 used; Heijungs 1992
NMVOC 0,4 value for HC incl CH4 used; Heijungs 1992
CO 0,04 Andersson-Sköld 1992
Ethane 0,126 Andersson-Sköld 1992

Propane 0,503 Andersson-Sköld 1992
Alkanes C>=4 0,41 Andersson-Sköld 1992 (value for n-butane

used)
Aldehydes 0,443 Heijungs 1992
Benzene 0,402 Andersson-Sköld 1992
Ethene 1 Andersson-Sköld 1992
Alkenes C>=4 0,43 Andersson-Sköld 1992 (average value of 8 C4-

C5 alkenes)
Formaldehyde 0,26 Andersson-Sköld 1992
Pentane 0,3 Andersson-Sköld 1992
Toluene 0,47 Finnveden 1992
Ethylbenzene 0,47 same value as for Toluene antas
o-Xylene 0,167 Finnveden 1992
m-Xylene 0,474 Finnveden 1992
p-Xylene 0,472 Finnveden 1992
Aromatics 0,761  Heijungs 1992
Aromates (C9-C10) 0,761  Heijungs 1992
Detyleneglycol monobu. 0,4 value for HC incl CH4 used; Heijungs 1992
Dethyleneglycol monobu. 0,4 value for HC incl CH4 used; Heijungs 1992
Dimethylformamide 0,4 value for HC incl CH4 used; Heijungs 1992
Ethylenglycol 0,4 value for HC incl CH4 used; Heijungs 1992
Ethylenglycol mono-n-b. 0,4 value for HC incl CH4 used; Heijungs 1992
Ethyleneglycol mono-n-b. 0,4 value for HC incl CH4 used; Heijungs 1992
Ethanol/IPA 0,4 value for HC incl CH4 used; Heijungs 1992
Glycolether 0,4 value for HC incl CH4 used; Heijungs 1992
Isopropanol 0,4 value for HC incl CH4 used; Heijungs 1992
Isopropylalcohol 0,4 value for HC incl CH4 used; Heijungs 1992
Ispropylalcohol 0,4 value for HC incl CH4 used; Heijungs 1992
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Metoxipropylacetat 100% 0,4 value for HC incl CH4 used; Heijungs 1992
Metoxipropylacetat 100% 0,4 value for HC incl CH4 used; Heijungs 1992
Metoxipropylacetat 20% 0,08  Heijungs 1992
Metoxipropanol 0,4 value for HC incl CH4 used; Heijungs 1992
Metoxypropanol 0,4 value for HC incl CH4 used; Heijungs 1992
Solvents 0,4 value for HC incl CH4 used; Heijungs 1992
Solvents (no Cl) 0,4 value for HC incl CH4 used; Heijungs 1992
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Appendix III Inventory results

MLEmin

Table III.I. Emissions, inflows not followed to the cradle, outflows not followed to the grave,
and internal energy carriers from the MLEmin life cycle.

Name Value Unit
CO2 1,09E+04 g
CO 14,264 g
NOx 66,363 g
SO2 24,787 g
NMVOC 3,665 g
CH4 31,389 g
NH3 9,90E-03 g
N2O 0,801 g
HCl 0,216 g
H2S 9,18E-04 g
HF 0,134 g
Particulates 8,506 g
CN- 4,52E-05 g
COD (aq) 0,491 g
BOD5 (aq) 1,69E-02 g
Tot-N (aq) 0,278 g
Phosphate (aq) 1,42E-03 g
H2S (aq) 4,17E-06 g
Co (aq) -2,68E-03 g
Cl- (aq) 54,458 g
SO42- (aq) 2,962 g
CN- (aq) 1,29E-04 g
Crude oil (r) 2,54E+03 g
Natural gas (r) 178,6 g
Peat (r) -3,84E-04 g
Hard coal (r) 549,916 g
Brown coal (r) 126,556 g
Uranium (as pure U)
(r)

0,483 g

Hydro power-water (r) 5,28E+04 g
NMVOC, diesel
engines

1,845 g

Diesel, heavy &
medium truck

9,622 MJ

(highway)
HC 5,882 g
Phenol (aq) 1,06E-03 g
COD 0,196 g
Diesel 21,8 MJ
Crude oil, feedstock
(r)

60,229 g

Coal (r) 20,091 g
Coal, feedstock (r) 2,766 g
Bauxite (r) 109,308 g
Iron ore (r) 5,31E+03 g
NH4+ (aq) 4,25E-02 g
HC (aq) 1,75E-02 g
LP-gas (r) 4,82E-03 g
Na2CO3 (r) 2,95E-02 g
NH4NO3 6,83E-03 g
HNO3 (aq) 3,44E-04 g
NH3 (aq) 1,01E-03 g
NO3- (aq) 3,38E-02 g
Na+ (aq) 2,4 g
Aldehydes 6,01E-04 g
Fluorides 2,84E-02 g
Na2SO4 (in) 1,52E-03 g
PAH 2,41E-03 g
VOC 0,945 g
H2SO4 (aq) 2,37E-02 g
Chloride (aq) 7,87E-02 g
Carbon (in) 0,907 g
Manganeese ore (r) 62,087 g
Olivine (r) 115,304 g
Co 2,62E-04 g
NO2- (aq) 1,04E-03 g
Tot-P -5,85E-04 g
NMVOC, oil
combustion

1,321 g



Telia                                                                      Life cycle assessment of radio relay systems

69

Benzene 5,81E-03 g
Cr3+ -3,22E-04 g
PO43- (aq) 4,56E-04 g
Cr3+ (aq) 1,11E-04 g
VOC, natural gas
combustion

1,72E-10 g

VOC, coal combustion 2,59E-03 g
VOC, diesel engines 6,10E-02 g
NMVOC, power
plants

4,75E-02 g

NMVOC, natural gas
combustion

2,75E-03 g

NMVOC, petrol
engines

1,64E-11 g

Benzo(a)pyrene 2,09E-07 g
Aromates (C9-C10) 1,36E-03 g
Organics 3,12E-03 g
BOD (aq) 8,30E-04 g
DOC (aq) 1,17E-11 g
NO3-N (aq) 1,11E-05 g
NH4-N (aq) 2,32E-03 g
Nitrogen (aq) 6,60E-04 g
H+ (aq) 5,16E-03 g
Aromates (C9-C10)
(aq)

2,99E-04 g

Fuel, unspecified [MJ]
(r)

1,09E-05 g

CaCO3 (r) 6,00E-03 g
Al (r) 3,41E-03 g
Fe (r) 3,57E-03 g
Mn (r) 2,11E-05 g
Propane 1,39E-03 g
Alkanes 2,19E-03 g
Alkenes 7,21E-04 g
Toluene 2,38E-04 g
Pentane 1,56E-04 g
Butane 9,26E-05 g
Acetaldehyde 8,88E-07 g
Ca 2,69E-03 g
Sr 3,43E-05 g
B 3,35E-03 g
U 5,27E-07 g
Tl 9,44E-08 g

Th 5,46E-07 g
COS 0,234 g
CF4 2,11E-02 g
C2F6 2,34E-03 g
Hard coal, feedstock
(r)

2,73E+03 g

Ethane 1,96E-03 g
Ethene 3,90E-03 g
Acetylene 6,49E-04 g
Propene 6,33E-04 g
Tot-P (aq) 1,54E-03 g
TOC (aq) 2,59E-04 g
Natural gas, feedstock 1,573 MJ
Gasoline 5,59E-03 MJ
Oil, heavy fuel 3,725 MJ
Oil, heavy fuel,
feedstock

1,815 MJ

Hard coal, feedstock 47,211 MJ
Fuel oil, ship (2-
stroke)

1,675 MJ

Electricity, European
average

2,444 MJ

Natural gas (<100 kW) 2,483 MJ
Oil, light fuel 1,126 MJ
Diesel, light truck
(urban)

0,43 MJ

Diesel, heavy &
medium truck (rural)

11,076 MJ

Diesel, ship (4-stroke) -1,718 MJ
LPG, thermal 6,66E-02 MJ
Copper ore [0.35 %
Cu] (r)

4,89E+03 g

Ar (r) 0,95 g
BaSO4 (r) 2,22E-02 g
Copper ore (0.7% Cu)
(r)

37,719 g

Dichloro Silane (DCS)
(r)

6,16E-03 g

CH3CCl2F 2,28E-02 g
Ferric Chloride
(FeCl3) (r)

0,317 g

CaF2 ore (r) 0,317 g
HBr (r) 1,72E-02 g
N2O (r) 5,42E-02 g
SiO2 ore (r) 2,077 g
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FeS2 ore (r) 0,498 g
AOX 1,70E-06 g
Acetic acid (aq) 7,27E-09 g
N (aq) 9,52E-02 g
Ba (aq) 4,04E-04 g
Barytes (aq) 5,61E-04 g
Ca (aq) 7,72E-03 g
Nitrates (aq) 0,237 g
K+ (aq) 3,17E-04 g
Na (aq) 0,769 g
Trichloro Silane (TCS)
(r)

2,21E-03 g

Alcohols 3,17E-04 g
Cl2 (aq) 1,12E-06 g
Ethylene 3,39E-05 g
HALON-1301 8,10E-07 g
Silicates 1,15E-04 g
Kalin ore (r) 0,671 g
U (r) 1,90E-03 g
Acetic acid 8,89E-11 g
Cl2 8,04E-09 g
NO2 6,64E-02 g
P2O5 1,17E-07 g
Na2SO4 3,17E-06 g
B (aq) 8,20E-05 g
P (aq) 0,543 g
P2O5 (aq) 1,98E-03 g
Electricity, no EF 22,7 MJ
Rn-222 [Bq] 1,76E+06 g
Hydro power [MJel]
(r)

62,123 g

Wind power [MJel] (r) 0,134 g
Lead ore (1% Pb) (r) 0,457 g
H2SO4 (in) 2,873 g
Electricity, Swedish
average

135,496 MJ

Natural uranium (r) 4,46E-04 g
Zn (r) 81,183 g
Phenol 3,327 g
Tot-N -4,95E-02 g
Xylene 1,32E-04 g
Be 1,51E-05 g
Hard coal 3,143 MJ

HCl (aq) 32,422 g
Natural gas, feedstock
(r)

31,79 g

SOx 0,843 g
BOD 5,94E-02 g
Nitrates 3,42E-05 g
Ferromanganese (r) 2,60E-05 g
Acid as H+ 4,62E-03 g
Other nitrogen 4,25E-02 g
Phosphate/nitrate 3,31E-04 g
Phosphate 2,11E-04 g
Ionics (aq) 1,57E-02 g
NH4+ 3,65E-06 g
Electricity 0,411 MJ
Electricity, hydro
power [MJel]

1,12E-02 MJ

Electricity, nuclear
power [MJel]

4,43E-02 MJ

Natural gas (>100 kW) -0,383 MJ
Lödtenn/lodpasta (in) 1,70E-02 g
Cu (r) 0,278 g
Ag (r) -3,71E-02 g
Au (r) -4,14E-02 g
Guld (in) 7,68E-02 g
Silver (in) 7,79E-02 g
Wood chips 7,988 MJ
Biomass (in) -90,636 g
Peat (in) -42,367 g
Other heat [MJheat]
(in)

-3,067 g

District heat, Swedish
average

-10,539 MJ

Hydrocarbons 4,11E-02 g
Organo-Cl 2,72E-03 g
Aromatic-HC's 7,32E-04 g
CFC/HCFC 1,64E-05 g
H2 1,98E-03 g
Acid as H+ (aq) 3,20E-04 g
Hydrocarbons (aq) 4,10E-04 g
Ca2+ (aq) 3,86E-03 g
Fe2+/Fe3+ (aq) 6,89E-04 g
Mg 2+ (aq) 2,46E-05 g
Other nitrogen (aq) 7,39E-05 g
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CO32- (aq) 0,214 g
Detergent/oil (aq) 6,26E-04 g
Organo-Cl (aq) 1,64E-05 g
Calcium sulphate (r) 1,15E-04 g
Iron (r) 7,72E-03 g
Pb (r) 73,177 g
KCl (r) 4,93E-05 g
S, bonded (r) 1,89E-02 g
S, elemental (r) 3,78E-02 g
Coal, metallurgical (r) 2,79E-03 g
Kolväten, CH 3,328 g
Sn (r) 19,957 g
S (r) 1,77E-02 g
S, feedstock (r) 1,77E-02 g
H2 (r) [MJ] 4,77E-03 g
Recovered energy (r)
[MJ]

1,54E-02 g

Organics (air) 0,1 g
Fe2+ (aq) 9,58E-09 g
THC 2,83E-02 g
Tot-CN -4,07E-04 g
Uranium [as pure U]
(r)

-1,87E-04 g

CF4 + C2F6 -1,16E-02 g
Organic C (aq) -5,80E-05 g
Diesel (r) -0,154 g
Cybernite (r) 4,762 g
Cl- 1,08E-04 g
Renewable fuel 0,951 MJ
Rock (r) 1,46E+05 g
Forested area
[m2*year] (r)

3,15 g

Waste, industrial 161,878 g
Waste, hazardous 39,46 g
Waste, highly
radioactive

1,657 g

Waste, rocks 1,21E+04 g
Waste, sludge 105,206 g
Waste, red mud 31,332 g
Solid waste 4,449 g
Waste, ashes 26,967 g
Waste, refractory 0,337 g
Waste, carbon 0,225 g

Waste, inert residues 3,218 g
Waste, dross fines 6,21E-02 g
Waste, LD-sludge 47,987 g
Waste, LD-dust 1,06 g
Waste, LD-slag 60,653 g
Waste, scrap 23,669 g
Waste, granite 2,45E+03 g
Waste, radioactive 2,98E-02 g
Waste, non-magnetic 35,678 g
Waste, mineral 1,366 g
Waste, slags & ashes
(waste incin.)

1,39E-05 g

Waste, slags & ashes
(energy prod.)

12,872 g

Waste, slags & ashes 0,49 g
Waste, bulky 946,585 g
Waste, rubber 1,09E-03 g
Waste, chemical 7,18E-03 g
Waste, copper ore 1,84E+03 g
Waste, sand 1,58E+04 g
Waste, demolition
(inactive)

1,201 g

Waste, dust 20,566 g
Water, chemically
polluted (aq)

563,919 g

Waste, other 1,90E+03 g
Waste, high. radioact.
[cm3]

1,03E-05 g

Waste, med. radioact.
[cm3]

1,70E-04 g

Waste, low radioact.
[cm3]

1,69E-04 g

Waste, inert chemicals 6,90E-03 g
Waste, regulated
chemicals

1,15E-05 g

Industrial waste 0,528 g
Waste, mineral ores 193,206 g
Mineral waste 0,616 g
Special waste 1,57E-02 g
Waste, fillingmtrl 1,62E+05 g
Kalkslam 0,237 g
Miljöfarligt avfall 4,93E-02 g
Waste, packagings 0,308 g
Waste, high. 1,49E-03 g
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radioactive
Sludge 3,63E-02 g
Waste, inert chemical 7,15E-03 g
Waste, regulated
chemical

8,21E-02 g

Waste, unspecified 1,72E-04 g
Waste, construction 9,04E-05 g
Waste, metals 1,55E-04 g
Waste, to incineration 3,70E-03 g
Mixed industrial waste 3,77E-02 g
Waste, steel 1,33E+03 g
Waste, plastics 1,64E-05 g
Waste, plastic 70,861 g
Waste, Övrigt 127,632 g
Waste 2,006 g
Waste, slag 138,465 g
Waste, Al 29,007 g
Waste, Cu 15,747 g
Waste, salt mine 0,548 g
Waste, industry 0,216 g
Waste, Ö.Metall 26,521 g
Waste, Au 4,14E-02 g
Waste, Zink 80,392 g
Waste, salt 7,339 g
Waste, Ag 4,14E-02 g
Waste, bricks 2,083 g
Waste, oxide scale 14,214 g
Waste, iron 75,833 g
Ashes 0,493 g
Oil (aq) 0,652 g
Organics (aq) 0,566 g
Radioactive emissions
[kBq] (aq)

-3,95E+03 g

Al (aq) 2,59E-02 g
As (aq) 5,86E-04 g
Cd (aq) 6,07E-05 g
Cr (aq) 5,08E-04 g
Cu (aq) 0,544 g
Ni (aq) 6,56E-04 g
Pb (aq) 1,34E-03 g
Sb (aq) 4,56E-07 g
V (aq) 1,07E-04 g

Sn (aq) 3,35E-02 g
Zn (aq) 2,74E-03 g
F- (aq) 3,29E-02 g
Metals (aq) 4,41E-02 g
PAH (aq) 7,49E-04 g
Tot-F (aq) 2,95E-05 g
Mn (aq) 7,53E-03 g
Suspended solids (aq) 1,109 g
Dissolved solids (aq) 1,939 g
Fe (aq) 0,152 g
Sr (aq) 8,92E-03 g
Salt (aq) 0,478 g
Tot-CN (aq) 1,03E-03 g
Hg (aq) 1,44E-05 g
Alcohols (aq) 5,18E-07 g
Benzene (aq) 3,39E-06 g
Inorganic Dissolved
Matter (aq)

6,84E-02 g

Mg (aq) 1,43E-03 g
Toluene (aq) 2,11E-05 g
Dissolved solids 3,11E-02 g
Suspended solids 5,35E-02 g
Dissolved organics 0,143 g
Fungicides 8,26E-05 g
Hydrogen 1,48E-02 g
Toxic chemicals 2,60E-05 g
Non toxic chemicals 0,555 g
Other organics 3,29E-03 g
Non-toxic chemicals 3,36E-04 g
Regulated chemicals 1,40E-03 g
Inert chemicals 1,75E-02 g
Dioxine 1,00E-10 g
Dioxin 2,40E-09 g
Radioactivity
(different nuclides)
[Bq]

-0,521 g

Radioactive emissions
[kBq]

-4,21E+05 g

As 3,09E-02 g
Cd 22,466 g
Cr 1,95E-03 g
Hg 0,666 g
Ni 4,55E-03 g
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Pb 0,386 g
Cu 4,83E-03 g
Se 1,42E-04 g
Zn 0,852 g
Sn 2,06E-05 g
Metals 8,86E-04 g
Dust 0,559 g
Fe 0,34 g
Mn 9,05E-04 g
V 9,82E-03 g
Sb 6,75E-05 g
Na 2,21E-03 g
Heavy metals 8,04E-18 g
Formaldehyde 1,44E-03 g
Mo 2,37E-04 g
Sea water (r) 5,119 g
Ground water (r) 8,08E-05 g
Surface water (r) 1,64E-06 g
Rocksalt (r) 0,253 g
Wood (r) 0,576 g
Clay (r) 5,36E-03 g
Limestone (r) 4,56E+03 g
NaCl (r) 21,593 g
Water (r) 1,13E+07 g
Caliche (r) 21,491 g
Dolomite (r) 32,799 g
Feldspar (r) 1,87E-02 g
Sand (r) 37,675 g
Biomass (r) 323,322 g
Salt (r) 1,592 g
Betonite (r) 16,056 g
Softwood (r) 0,952 g
Bentonite (r) 0,19 g
Lignite (r) 3,987 g
Natural gravel (r) 1,19E+04 g
Mineral Ores (r) 4,88E-02 g
Seawater (r) 24,21 g
Subsoil water (r) 11,089 g
Processgases (in) 7,992 g
Mineralull (in) 2,191 g
Additives (in) 2,686 g
Minerals, explosives 0,211 g

(in)
Processchemicals (in) 0,833 g
Minerals (ground) 2,72E-03 g
Chemicals (ground) 1,28E-04 g
Metals (ground) 2,90E-02 g
Miljöfarliga utsl. (air) 5,93E-02 g
Miljöfarliga utsl. (aq) 2,59E-04 g
Dissolved organics
(aq)

4,44E-03 g

Gravel (r) 2,46E-05 g
Air (r) 6,653 g
Oxygen (r) 0,214 g
Shale (r) 3,20E-04 g
Water, public supply
(r)

68,185 g

Water, river/canal (r) 288,129 g
Water, sea (r) 524,967 g
Water, unspecified (r) 155,378 g
Water, well (r) 3,696 g
Unspecified (r) [MJ] 2,46E-04 g
Other organics (aq) 2,96E-04 g
Nitrogen (r) 2,135 g
Land use II-IV [m2y] 6,57E-07 g
Land use II-III [m2y] 2,17E-06 g
Emulsifying agent (in) 0,14 g
Aluminium powder
(in)

0,408 g

Solvey soda (in) 2,95E-02 g
Skimmings and dross
for recycling (out)

0,355 g

Steel scrap (out) 0,18 g
Refractory materials
(in)

0,254 g

Benzene (out) 11,079 g
Carbon reused as fuel
(out)

0,491 g

Aluminium hydroxide
(in)

0,346 g

Calcium fluoride (in) 0,751 g
Sulphuric acid (in) 0,869 g
Steel (in) 0,18 g
Aluminium (in) 3,43 g
Blast furnace gas
[Nm3] (out)

1,683 g
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Coke dust (out) 106,255 g
Coke gas [Nm3] (out) 7,45E-02 g
LD-gas [Nm3] (out) 0,168 g
Pig iron (out) 58,746 g
Raw steel (out) 312,186 g
Slag (out) 347,345 g
Sulphur (out) 2,089 g
Lime (in) 1,724 g

Tar (out) 38,324 g
Oxygen (in) 20,043 g
Steam -2,15E-02 MJ
Paper (in) 9,37 g
Cu (out) 0,152 g
Aluminium scrap (in) 33,358 g
PBDE (in) 2,192 g
CuZn34Pb8Sn6 (in) 1,808 g

MLEmax

Table III.II. Emissions, inflows not followed to the cradle, outflows not followed to the grave,
and internal energy carriers from the MLEmax life cycle.

Name Value Unit
CO2 964,959 g
CO 1,668 g
NOx 6,288 g
SO2 2,589 g
NMVOC 0,396 g
CH4 2,856 g
NH3 1,12E-03 g
N2O 0,103 g
HCl 2,55E-02 g
H2S 1,42E-04 g
HF 1,38E-02 g
Particulates 0,935 g
CN- 5,18E-06 g
COD (aq) 8,05E-02 g
BOD5 (aq) 3,12E-03 g
Tot-N (aq) 3,08E-02 g
Phosphate (aq) 1,67E-04 g
H2S (aq) 4,54E-07 g
Co (aq) -3,72E-04 g
Cl- (aq) 5,479 g
SO42- (aq) 0,323 g
CN- (aq) 1,42E-05 g
Crude oil (r) 255,267 g
Natural gas (r) 23,703 g
Peat (r) -5,34E-05 g

Hard coal (r) 58,166 g
Brown coal (r) 14,882 g
Uranium (as pure U)
(r)

4,75E-02 g

Hydro power-water (r) 6,68E+03 g
NMVOC, diesel
engines

0,202 g

Diesel, heavy &
medium truck
(highway)

1,078 MJ

HC 0,601 g
Phenol (aq) 1,24E-04 g
COD 2,16E-02 g
Diesel 1,996 MJ
Crude oil, feedstock
(r)

6,922 g

Coal (r) 2,474 g
Coal, feedstock (r) 0,545 g
Bauxite (r) 21,539 g
Iron ore (r) 529,83 g
NH4+ (aq) 4,29E-03 g
HC (aq) 1,79E-03 g
LP-gas (r) 6,43E-04 g
Na2CO3 (r) 3,38E-03 g
NH4NO3 7,83E-04 g
HNO3 (aq) 3,94E-05 g
NH3 (aq) 6,53E-05 g
NO3- (aq) 3,83E-03 g
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Na+ (aq) 0,287 g
Aldehydes 6,96E-05 g
Fluorides 5,60E-03 g
Na2SO4 (in) 1,75E-04 g
PAH 4,38E-04 g
VOC 9,04E-02 g
H2SO4 (aq) 4,67E-03 g
Chloride (aq) 1,55E-02 g
Carbon (in) 0,179 g
Manganeese ore (r) 7,334 g
Olivine (r) 11,513 g
Co 3,14E-05 g
NO2- (aq) 1,04E-04 g
Tot-P -8,01E-05 g
NMVOC, oil
combustion

0,151 g

Benzene 7,16E-04 g
Cr3+ -3,69E-05 g
PO43- (aq) 5,22E-05 g
Cr3+ (aq) 1,27E-05 g
VOC, natural gas
combustion

1,49E-11 g

VOC, coal combustion 2,24E-04 g
VOC, diesel engines 5,30E-03 g
NMVOC, power
plants

4,16E-03 g

NMVOC, natural gas
combustion

1,68E-04 g

NMVOC, petrol
engines

1,43E-12 g

Benzo(a)pyrene 2,10E-08 g
Aromates (C9-C10) 1,24E-04 g
Organics 6,00E-04 g
BOD (aq) 9,24E-05 g
DOC (aq) 1,02E-12 g
NO3-N (aq) 9,71E-07 g
NH4-N (aq) 2,40E-04 g
Nitrogen (aq) 5,82E-05 g
H+ (aq) 8,77E-04 g
Aromates (C9-C10)
(aq)

2,64E-05 g

Fuel, unspecified [MJ]
(r)

9,92E-07 g

CaCO3 (r) 5,24E-04 g

Al (r) 2,98E-04 g
Fe (r) 3,11E-04 g
Mn (r) 1,84E-06 g
Propane 1,78E-04 g
Alkanes 2,47E-04 g
Alkenes 9,47E-05 g
Toluene 2,20E-05 g
Pentane -2,41E-05 g
Butane -1,39E-05 g
Acetaldehyde 6,77E-08 g
Ca 3,58E-04 g
Sr 4,44E-06 g
B 4,33E-04 g
U 6,80E-08 g
Tl 1,22E-08 g
Th 7,05E-08 g
COS 4,62E-02 g
CF4 4,16E-03 g
C2F6 4,62E-04 g
Hard coal, feedstock
(r)

229,987 g

Ethane 2,65E-04 g
Ethene 5,27E-04 g
Acetylene 8,77E-05 g
Propene 8,58E-05 g
Tot-P (aq) 1,76E-04 g
TOC (aq) 3,15E-05 g
Natural gas, feedstock 0,133 MJ
Gasoline 5,59E-04 MJ
Oil, heavy fuel 0,393 MJ
Oil, heavy fuel,
feedstock

0,168 MJ

Hard coal, feedstock 3,982 MJ
Fuel oil, ship (2-
stroke)

0,232 MJ

Electricity, European
average

0,315 MJ

Natural gas (<100
kW)

0,152 MJ

Oil, light fuel 0,14 MJ
Diesel, light truck
(urban)

7,53E-02 MJ

Diesel, heavy &
medium truck (rural)

1,18 MJ



Telia                                                                      Life cycle assessment of radio relay systems

76

Diesel, ship (4-stroke) -0,238 MJ
LPG, thermal 6,94E-03 MJ
Copper ore [0.35 %
Cu] (r)

1,32E+03 g

Ar (r) 0,187 g
BaSO4 (r) 4,37E-03 g
Copper ore (0.7% Cu)
(r)

3,793 g

Dichloro Silane (DCS)
(r)

1,21E-03 g

CH3CCl2F 4,50E-03 g
Ferric Chloride
(FeCl3) (r)

6,26E-02 g

CaF2 ore (r) 6,26E-02 g
HBr (r) 3,39E-03 g
N2O (r) 1,07E-02 g
SiO2 ore (r) 0,41 g
FeS2 ore (r) 9,83E-02 g
AOX 3,36E-07 g
Acetic acid (aq) 1,43E-09 g
N (aq) 1,88E-02 g
Ba (aq) 7,97E-05 g
Barytes (aq) 1,11E-04 g
Ca (aq) 1,52E-03 g
Nitrates (aq) 4,68E-02 g
K+ (aq) 6,26E-05 g
Na (aq) 0,152 g
Trichloro Silane
(TCS) (r)

4,36E-04 g

Alcohols 6,26E-05 g
Cl2 (aq) 2,21E-07 g
Ethylene 6,69E-06 g
HALON-1301 1,60E-07 g
Silicates 2,26E-05 g
Kalin ore (r) 0,132 g
U (r) 3,75E-04 g
Acetic acid 1,75E-11 g
Cl2 1,59E-09 g
NO2 1,31E-02 g
P2O5 2,31E-08 g
Na2SO4 6,26E-07 g
B (aq) 1,62E-05 g
P (aq) 0,107 g

P2O5 (aq) 2,34E-04 g
Electricity, no EF 3,941 MJ
Rn-222 [Bq] 1,72E+05 g
Hydro power [MJel]
(r)

6,075 g

Wind power [MJel] (r) 1,31E-02 g
Lead ore (1% Pb) (r) 4,48E-02 g
H2SO4 (in) 0,281 g
Electricity, Swedish
average

13,349 MJ

Natural uranium (r) 5,26E-05 g
Zn (r) 12,376 g
Phenol 0,392 g
Tot-N -6,77E-03 g
Xylene 1,78E-05 g
Be 1,92E-06 g
Hard coal 0,342 MJ
HCl (aq) 4,835 g
Natural gas, feedstock
(r)

2,514 g

SOx 5,51E-02 g
BOD 8,02E-03 g
Nitrates 2,44E-06 g
Ferromanganese (r) 1,45E-06 g
Acid as H+ 5,76E-04 g
Other nitrogen 2,41E-03 g
Phosphate/nitrate 1,75E-05 g
Phosphate 1,20E-05 g
Ionics (aq) 8,34E-04 g
NH4+ 4,30E-07 g
Electricity 4,52E-02 MJ
Electricity, hydro
power [MJel]

1,86E-03 MJ

Electricity, nuclear
power [MJel]

5,33E-03 MJ

Natural gas (>100
kW)

3,68E-02 MJ

Lödtenn/lodpasta (in) 2,00E-03 g
Cu (r) 3,28E-02 g
Ag (r) -4,02E-03 g
Au (r) -4,52E-03 g
Guld (in) 9,05E-03 g
Silver (in) 9,37E-03 g
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Wood chips 0,94 MJ
Biomass (in) -10,361 g
Peat (in) -4,893 g
Other heat [MJheat]
(in)

-0,354 g

District heat, Swedish
average

-1,217 MJ

Hydrocarbons 4,87E-03 g
Organo-Cl 3,22E-04 g
Aromatic-HC's 8,69E-05 g
CFC/HCFC 1,95E-06 g
H2 2,34E-04 g
Acid as H+ (aq) 3,80E-05 g
Hydrocarbons (aq) 4,87E-05 g
Ca2+ (aq) 4,58E-04 g
Fe2+/Fe3+ (aq) 8,17E-05 g
Mg 2+ (aq) 2,92E-06 g
Other nitrogen (aq) 8,77E-06 g
CO32- (aq) 2,53E-02 g
Detergent/oil (aq) 9,92E-05 g
Organo-Cl (aq) 1,95E-06 g
Calcium sulphate (r) 1,36E-05 g
Iron (r) 9,14E-04 g
Pb (r) 3,778 g
KCl (r) 5,85E-06 g
S, bonded (r) 2,24E-03 g
S, elemental (r) 4,48E-03 g
Coal, metallurgical (r) 3,31E-04 g
Kolväten, CH 0,392 g
Sn (r) 1,025 g
S (r) 2,10E-03 g
S, feedstock (r) 2,10E-03 g
H2 (r) [MJ] 5,65E-04 g
Recovered energy (r)
[MJ]

1,82E-03 g

Organics (air) 2,35E-02 g
Fe2+ (aq) 1,52E-09 g
THC 1,45E-03 g
Tot-CN -5,56E-05 g
Uranium [as pure U]
(r)

-2,19E-05 g

CF4 + C2F6 -2,28E-03 g
Organic C (aq) -1,14E-05 g

Diesel (r) -3,02E-02 g
Cybernite (r) 0,937 g
Cl- 2,36E-05 g
Renewable fuel 0,112 MJ
Rock (r) 1,72E+04 g
Forested area
[m2*year] (r)

0,371 g

Waste, industrial 19,029 g
Waste, hazardous 3,483 g
Waste, highly
radioactive

0,177 g

Waste, rocks 1,43E+03 g
Waste, sludge 14,136 g
Waste, red mud 6,178 g
Solid waste 0,457 g
Waste, ashes 3,538 g
Waste, refractory 6,64E-02 g
Waste, carbon 4,43E-02 g
Waste, inert residues 0,634 g
Waste, dross fines 1,22E-02 g
Waste, LD-sludge 4,763 g
Waste, LD-dust 0,105 g
Waste, LD-slag 6,02 g
Waste, scrap 2,877 g
Waste, granite 245,243 g
Waste, radioactive 3,60E-03 g
Waste, non-magnetic 3,541 g
Waste, mineral 0,159 g
Waste, slags & ashes
(waste incin.)

1,22E-06 g

Waste, slags & ashes
(energy prod.)

1,445 g

Waste, slags & ashes 6,01E-02 g
Waste, bulky 82,153 g
Waste, rubber 9,48E-05 g
Waste, chemical 6,27E-04 g
Waste, copper ore 218,507 g
Waste, sand 1,87E+03 g
Waste, demolition
(inactive)

0,118 g

Waste, dust 2,812 g
Water, chemically
polluted (aq)

111,256 g
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Waste, other 185,825 g
Waste, high. radioact.
[cm3]

8,42E-07 g

Waste, med. radioact.
[cm3]

1,81E-05 g

Waste, low radioact.
[cm3]

1,81E-05 g

Waste, inert chemicals 8,12E-04 g
Waste, regulated
chemicals

1,36E-06 g

Industrial waste 2,81E-02 g
Waste, mineral ores 22,755 g
Mineral waste 8,61E-02 g
Special waste 8,34E-04 g
Waste, fillingmtrl 1,77E+04 g
Kalkslam 2,80E-02 g
Miljöfarligt avfall 5,80E-03 g
Waste, packagings 3,63E-02 g
Waste, high.
radioactive

1,75E-04 g

Sludge 4,28E-03 g
Waste, inert chemical 8,47E-04 g
Waste, regulated
chemical

9,74E-03 g

Waste, unspecified 2,05E-05 g
Waste, construction 1,07E-05 g
Waste, metals 1,85E-05 g
Waste, to incineration 4,38E-04 g
Mixed industrial waste 8,83E-03 g
Waste, steel 167,609 g
Waste, plastics 1,95E-06 g
Waste, plastic 7,705 g
Waste, Övrigt 6,708 g
Waste 0,162 g
Waste, slag 18,889 g
Waste, Al 5,711 g
Waste, Cu 3,445 g
Waste, salt mine 0,108 g
Waste, industry 2,54E-02 g
Waste, Ö.Metall 3,807 g
Waste, Au 4,53E-03 g
Waste, Zink 11,603 g
Waste, salt 1,445 g

Waste, Ag 4,53E-03 g
Waste, bricks 0,284 g
Waste, oxide scale 1,939 g
Waste, iron 8,884 g
Ashes 4,35E-02 g
Oil (aq) 7,15E-02 g
Organics (aq) 6,59E-02 g
Radioactive emissions
[kBq] (aq)

-211,807 g

Al (aq) 3,45E-03 g
As (aq) 6,97E-05 g
Cd (aq) 6,93E-06 g
Cr (aq) 5,66E-05 g
Cu (aq) 0,107 g
Ni (aq) 8,04E-05 g
Pb (aq) 1,52E-04 g
Sb (aq) 4,96E-08 g
V (aq) 1,16E-05 g
Sn (aq) 3,63E-03 g
Zn (aq) 3,13E-04 g
F- (aq) 5,69E-03 g
Metals (aq) 5,23E-03 g
PAH (aq) 1,48E-04 g
Tot-F (aq) 5,82E-06 g
Mn (aq) 7,30E-04 g
Suspended solids (aq) 0,212 g
Dissolved solids (aq) 0,171 g
Fe (aq) 2,03E-02 g
Sr (aq) 7,94E-04 g
Salt (aq) 5,45E-02 g
Tot-CN (aq) 1,18E-04 g
Hg (aq) 1,85E-06 g
Alcohols (aq) 1,02E-07 g
Benzene (aq) 6,69E-07 g
Inorganic Dissolved
Matter (aq)

1,35E-02 g

Mg (aq) 2,82E-04 g
Toluene (aq) 4,16E-06 g
Dissolved solids 3,42E-03 g
Suspended solids 4,12E-03 g
Dissolved organics 3,30E-02 g
Fungicides 4,38E-06 g
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Hydrogen 7,86E-04 g
Toxic chemicals 1,45E-06 g
Non toxic chemicals 3,00E-02 g
Other organics 3,90E-04 g
Non-toxic chemicals 3,95E-05 g
Regulated chemicals 3,28E-04 g
Inert chemicals 4,10E-03 g
Dioxine 2,20E-11 g
Dioxin 2,65E-10 g
Radioactivity
(different nuclides)
[Bq]

-6,10E-02 g

Radioactive emissions
[kBq]

-2,25E+04 g

As 2,47E-03 g
Cd 2,644 g
Cr 2,26E-04 g
Hg 7,84E-02 g
Ni 5,05E-04 g
Pb 3,59E-02 g
Cu 6,64E-04 g
Se 1,75E-05 g
Zn 0,128 g
Sn 1,12E-06 g
Metals 1,40E-04 g
Dust 0,103 g
Fe 3,48E-02 g
Mn 1,14E-04 g
V 1,03E-03 g
Sb 9,11E-06 g
Na 2,23E-04 g
Heavy metals 1,04E-18 g
Formaldehyde 1,45E-04 g
Mo 2,90E-05 g
Sea water (r) 0,534 g
Ground water (r) 7,06E-06 g
Surface water (r) 1,44E-07 g
Rocksalt (r) 2,98E-02 g
Wood (r) 6,77E-02 g
Clay (r) 8,36E-04 g
Limestone (r) 157,674 g
NaCl (r) 3,661 g
Water (r) 1,44E+06 g

Caliche (r) 2,464 g
Dolomite (r) 4,474 g
Feldspar (r) 2,14E-03 g
Sand (r) 10,231 g
Biomass (r) 31,676 g
Salt (r) 0,314 g
Betonite (r) 1,603 g
Softwood (r) 8,39E-02 g
Bentonite (r) 1,89E-02 g
Lignite (r) 0,619 g
Natural gravel (r) 352,9 g
Mineral Ores (r) 2,59E-03 g
Seawater (r) 2,851 g
Subsoil water (r) 1,306 g
Processgases (in) 0,941 g
Mineralull (in) 0,258 g
Additives (in) 0,142 g
Minerals, explosives
(in)

2,49E-02 g

Processchemicals (in) 9,81E-02 g
Minerals (ground) 3,20E-04 g
Chemicals (ground) 1,51E-05 g
Metals (ground) 3,42E-03 g
Miljöfarliga utsl. (air) 6,98E-03 g
Miljöfarliga utsl. (aq) 3,05E-05 g
Dissolved organics
(aq)

5,26E-04 g

Gravel (r) 2,92E-06 g
Air (r) 0,789 g
Oxygen (r) 2,53E-02 g
Shale (r) 3,80E-05 g
Water, public supply
(r)

8,094 g

Water, river/canal (r) 34,101 g
Water, sea (r) 62,356 g
Water, unspecified (r) 18,512 g
Water, well (r) 0,438 g
Unspecified (r) [MJ] 2,92E-05 g
Other organics (aq) 3,51E-05 g
Nitrogen (r) 0,253 g
Land use II-IV [m2y] 3,39E-08 g
Land use II-III [m2y] 1,12E-07 g
Emulsifying agent (in) 1,61E-02 g
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Aluminium powder
(in)

4,68E-02 g

Solvey soda (in) 3,38E-03 g
Skimmings and dross
for recycling (out)

6,99E-02 g

Steel scrap (out) 3,56E-02 g
Refractory materials
(in)

5,01E-02 g

Benzene (out) 1,107 g
Carbon reused as fuel
(out)

9,68E-02 g

Aluminium hydroxide
(in)

6,82E-02 g

Calcium fluoride (in) 0,148 g
Sulphuric acid (in) 0,171 g
Steel (in) 3,56E-02 g
Aluminium (in) 0,341 g
Blast furnace gas 0,168 g

[Nm3] (out)
Coke dust (out) 10,618 g
Coke gas [Nm3] (out) 7,45E-03 g
LD-gas [Nm3] (out) 1,67E-02 g
Pig iron (out) 5,87 g
Raw steel (out) 30,987 g
Slag (out) 34,709 g
Sulphur (out) 0,209 g
Lime (in) 0,169 g
Tar (out) 3,83 g
Oxygen (in) 1,964 g
Steam -1,14E-03 MJ
Paper (in) 0,481 g
Cu (out) 1,79E-02 g
Aluminium scrap (in) 6,567 g
PBDE (in) 0,113 g
CuZn34Pb8Sn6 (in) 9,28E-02 g

NL290min

Table III.III. Emissions, inflows not followed to the cradle, outflows not followed to the
grave, and internal energy carriers from the NL290min life cycle.

Name Value Unit
CO2 456,594 g
CO 0,715 g
NOx 2,088 g
SO2 1,255 g
NMVOC 0,107 g
CH4 1,207 g
NH3 3,58E-04 g
N2O 4,70E-02 g
HCl 9,38E-03 g
H2S 1,48E-04 g
HF 4,03E-03 g
Particulates 0,442 g
CN- 1,78E-06 g
COD (aq) 7,56E-02 g
BOD5 (aq) 3,49E-03 g
Tot-N (aq) 8,24E-03 g
Phosphate (aq) 6,92E-05 g

H2S (aq) 1,13E-07 g
Co (aq) -4,77E-05 g
Cl- (aq) 2,173 g
SO42- (aq) 0,196 g
CN- (aq) 3,84E-06 g
Crude oil (r) 118,364 g
Natural gas (r) 20,019 g
Peat (r) -7,31E-06 g
Hard coal (r) 36,728 g
Brown coal (r) 11,911 g
Uranium (as pure U)
(r)

3,06E-02 g

Hydro power-water (r) 5,72E+03 g
NMVOC, diesel
engines

5,27E-02 g

Diesel, heavy &
medium truck
(highway)

0,25 MJ

HC 0,212 g
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Phenol (aq) 4,20E-05 g
COD 5,31E-03 g
Diesel 0,545 MJ
Crude oil, feedstock
(r)

3,51 g

Coal (r) 0,48 g
Coal, feedstock (r) 0,342 g
Bauxite (r) 13,65 g
Iron ore (r) 148,819 g
NH4+ (aq) 1,51E-03 g
HC (aq) 7,73E-04 g
LP-gas (r) 2,12E-04 g
Na2CO3 (r) 1,22E-03 g
NH4NO3 2,83E-04 g
HNO3 (aq) 1,43E-05 g
NH3 (aq) 3,32E-05 g
NO3- (aq) 1,36E-03 g
Na+ (aq) 9,92E-02 g
Aldehydes 2,42E-05 g
Formaldehyde 2,65E-05 g
Fluorides 3,51E-03 g
Na2SO4 (in) 6,33E-05 g
Steel (in) 2,23E-02 g
PAH 3,22E-04 g
VOC 4,59E-02 g
H2SO4 (aq) 2,93E-03 g
Chloride (aq) 9,77E-03 g
Carbon (in) 0,112 g
Manganeese ore (r) 1,48 g
Olivine (r) 3,232 g
Co 7,60E-06 g
NO2- (aq) 2,95E-05 g
Tot-P -9,09E-06 g
NMVOC, oil
combustion

5,25E-02 g

Benzene 3,53E-04 g
Cr3+ -2,79E-06 g
PO43- (aq) 1,80E-05 g
Cr3+ (aq) 4,99E-06 g
VOC, natural gas
combustion

6,04E-12 g

VOC, coal combustion 8,93E-05 g
VOC, diesel engines 2,14E-03 g

NMVOC, power
plants

1,76E-03 g

NMVOC, natural gas
combustion

2,02E-04 g

NMVOC, petrol
engines

5,77E-13 g

Benzo(a)pyrene 6,90E-09 g
Aromates (C9-C10) 4,22E-05 g
Organics 7,11E-04 g
BOD (aq) 3,68E-05 g
DOC (aq) 4,07E-13 g
NO3-N (aq) 3,94E-07 g
NH4-N (aq) 1,59E-04 g
Nitrogen (aq) 2,41E-05 g
H+ (aq) 9,62E-04 g
Aromates (C9-C10)
(aq)

1,10E-05 g

Fuel, unspecified [MJ]
(r)

4,62E-07 g

CaCO3 (r) 2,10E-04 g
Al (r) 1,19E-04 g
Fe (r) 1,25E-04 g
Mn (r) 7,32E-07 g
Propane 4,78E-05 g
Alkanes 7,97E-05 g
Alkenes 2,32E-05 g
Toluene 9,95E-06 g
Pentane 1,79E-05 g
Butane 1,05E-05 g
Acetaldehyde 2,66E-08 g
Ca 5,13E-05 g
Sr 4,18E-06 g
B 4,07E-04 g
U 6,39E-08 g
Tl 1,15E-08 g
Th 6,63E-08 g
COS 2,92E-02 g
CF4 2,63E-03 g
C2F6 2,92E-04 g
Hard coal, feedstock
(r)

86,281 g

Ethane 6,49E-05 g
Ethene 1,30E-04 g
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Acetylene 2,17E-05 g
Propene 2,18E-05 g
Tot-P (aq) 3,79E-05 g
TOC (aq) 1,14E-05 g
Natural gas, feedstock 5,95E-02 MJ
Gasoline 1,57E-04 MJ
Oil, heavy fuel 7,80E-02 MJ
Oil, heavy fuel,
feedstock

7,27E-02 MJ

Hard coal, feedstock 1,495 MJ
Fuel oil, ship (2-
stroke)

8,81E-02 MJ

Electricity, European
average

0,297 MJ

Natural gas (<100 kW) 7,60E-02 MJ
Oil, light fuel 4,27E-02 MJ
Diesel, light truck
(urban)

1,89E-02 MJ

Diesel, heavy &
medium truck (rural)

0,278 MJ

Diesel, ship (4-stroke) -3,27E-02 MJ
LPG, thermal 2,15E-03 MJ
Copper ore [0.35 %
Cu] (r)

371,436 g

Ar (r) 0,225 g
BaSO4 (r) 5,24E-03 g
Copper ore (0.7% Cu)
(r)

2,566 g

Dichloro Silane (DCS)
(r)

1,45E-03 g

CH3CCl2F 5,39E-03 g
Ferric Chloride
(FeCl3) (r)

7,50E-02 g

CaF2 ore (r) 7,50E-02 g
HBr (r) 4,06E-03 g
N2O (r) 1,28E-02 g
SiO2 ore (r) 0,491 g
FeS2 ore (r) 0,118 g
AOX 4,04E-07 g
Acetic acid (aq) 1,72E-09 g
N (aq) 2,25E-02 g
Ba (aq) 9,54E-05 g
Barytes (aq) 1,32E-04 g
Ca (aq) 1,82E-03 g

Nitrates (aq) 5,62E-02 g
K+ (aq) 7,52E-05 g
Na (aq) 0,182 g
Trichloro Silane (TCS)
(r)

5,23E-04 g

Alcohols 7,52E-05 g
Cl2 (aq) 2,66E-07 g
Ethylene 8,04E-06 g
HALON-1301 1,91E-07 g
Silicates 2,71E-05 g
Kalin ore (r) 0,159 g
U (r) 4,49E-04 g
Acetic acid 2,10E-11 g
Cl2 1,90E-09 g
NO2 1,57E-02 g
P2O5 2,77E-08 g
Na2SO4 7,52E-07 g
B (aq) 1,94E-05 g
P (aq) 0,128 g
P2O5 (aq) 8,13E-05 g
Electricity, no EF 0,672 MJ
Rn-222 [Bq] 1,10E+05 g
Hydro power [MJel]
(r)

6,919 g

Wind power [MJel] (r) 8,30E-03 g
Lead ore (1% Pb) (r) 4,50E-02 g
H2SO4 (in) 0,178 g
Electricity, Swedish
average

8,336 MJ

Natural uranium (r) 8,47E-06 g
Zn (r) 1,964 g
Phenol 4,28E-02 g
Tot-N -9,61E-04 g
Xylene 4,30E-06 g
Be 3,91E-07 g
Hard coal 8,91E-02 MJ
HCl (aq) 0,749 g
Natural gas, feedstock
(r)

1,189 g

SOx 4,11E-02 g
BOD 1,39E-03 g
Nitrates 1,45E-06 g
Ferromanganese (r) 8,42E-07 g
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Acid as H+ 2,03E-04 g
Other nitrogen 1,26E-03 g
Phosphate/nitrate 1,01E-05 g
Phosphate 6,90E-06 g
Ionics (aq) 4,81E-04 g
NH4+ 4,70E-08 g
Electricity 9,47E-03 MJ
Electricity, hydro
power [MJel]

3,029 MJ

Electricity, nuclear
power [MJel]

1,87E-03 MJ

Natural gas (>100 kW) -1,56E-03 MJ
Lödtenn/lodpasta (in) 2,18E-04 g
Cu (r) 3,58E-03 g
Ag (r) -5,52E-04 g
Au (r) -4,04E-04 g
Guld (in) 9,87E-04 g
Silver (in) 1,07E-03 g
Wood chips 0,103 MJ
Biomass (in) -1,525 g
Peat (in) -0,653 g
Other heat [MJheat]
(in)

-4,73E-02 g

District heat, Swedish
average

-0,163 MJ

Hydrocarbons 1,69E-03 g
Organo-Cl 1,12E-04 g
Aromatic-HC's 3,01E-05 g
CFC/HCFC 6,76E-07 g
H2 8,12E-05 g
Acid as H+ (aq) 1,32E-05 g
Hydrocarbons (aq) 1,69E-05 g
Ca2+ (aq) 1,59E-04 g
Fe2+/Fe3+ (aq) 2,84E-05 g
Mg 2+ (aq) 1,01E-06 g
Other nitrogen (aq) 3,04E-06 g
CO32- (aq) 8,79E-03 g
Detergent/oil (aq) 3,07E-05 g
Organo-Cl (aq) 6,76E-07 g
Calcium sulphate (r) 4,73E-06 g
Iron (r) 3,18E-04 g
Pb (r) 2,28 g
KCl (r) 2,03E-06 g

S, bonded (r) 7,80E-04 g
S, elemental (r) 1,56E-03 g
Coal, metallurgical (r) 1,15E-04 g
Kolväten, CH 4,28E-02 g
Sn (r) 0,623 g
S (r) 7,26E-04 g
S, feedstock (r) 7,26E-04 g
H2 (r) [MJ] 1,96E-04 g
Recovered energy (r)
[MJ]

6,31E-04 g

Organics (air) 6,42E-03 g
Fe2+ (aq) 2,82E-10 g
THC 8,77E-04 g
Tot-CN -7,90E-06 g
Uranium [as pure U]
(r)

-3,10E-06 g

CF4 + C2F6 -1,46E-03 g
Organic C (aq) -7,30E-06 g
Diesel (r) -1,93E-02 g
Cybernite (r) 0,599 g
Cl- 6,12E-06 g
Renewable fuel 1,22E-02 MJ
Rock (r) 3,26E+03 g
Forested area
[m2*year] (r)

4,05E-02 g

Waste, industrial 14,896 g
Waste, hazardous 1,936 g
Waste, highly
radioactive

7,21E-02 g

Waste, rocks 541,69 g
Waste, sludge 2,664 g
Waste, red mud 3,889 g
Solid waste 0,112 g
Waste, ashes 0,623 g
Waste, refractory 4,17E-02 g
Waste, carbon 2,78E-02 g
Waste, inert residues 0,399 g
Waste, dross fines 7,68E-03 g
Waste, LD-sludge 1,364 g
Waste, LD-dust 3,01E-02 g
Waste, LD-slag 1,724 g
Waste, scrap 0,544 g
Waste, granite 68,623 g
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Waste, radioactive 3,06E-03 g
Waste, non-magnetic 1,014 g
Waste, mineral 5,45E-02 g
Waste, slags & ashes
(waste incin.)

4,83E-07 g

Waste, slags & ashes
(energy prod.)

1,121 g

Waste, slags & ashes 3,51E-02 g
Waste, bulky 33,085 g
Waste, rubber 3,78E-05 g
Waste, chemical 2,49E-04 g
Waste, copper ore 82,751 g
Waste, sand 709,91 g
Waste, demolition
(inactive)

7,46E-02 g

Waste, dust 0,47 g
Water, chemically
polluted (aq)

133,649 g

Waste, other 193,214 g
Waste, high. radioact.
[cm3]

3,50E-07 g

Waste, med. radioact.
[cm3]

6,71E-06 g

Waste, low radioact.
[cm3]

6,70E-06 g

Waste, inert chemicals 8,86E-05 g
Waste, regulated
chemicals

1,48E-07 g

Industrial waste 1,64E-02 g
Waste, mineral ores 2,484 g
Mineral waste 3,01E-02 g
Special waste 4,81E-04 g
Waste, fillingmtrl 3,97E+03 g
Kalkslam 3,05E-03 g
Miljöfarligt avfall 6,33E-04 g
Waste, packagings 3,96E-03 g
Waste, high.
radioactive

1,91E-05 g

Sludge 4,67E-04 g
Waste, inert chemical 2,94E-04 g
Waste, regulated
chemical

3,38E-03 g

Waste, unspecified 7,12E-06 g
Waste, construction 3,72E-06 g
Waste, metals 6,45E-06 g

Waste, to incineration 1,52E-04 g
Mixed industrial waste 2,42E-03 g
Waste, steel 28,128 g
Waste, plastics 6,76E-07 g
Waste, plastic 1,662 g
Waste, Övrigt 5,39 g
Waste 0,101 g
Waste, slag 2,684 g
Waste, Al 3,648 g
Waste, Cu 0,892 g
Waste, salt mine 6,89E-02 g
Waste, industry 2,78E-03 g
Waste, Ö.Metall 2,067 g
Waste, Au 4,05E-04 g
Waste, Zink 1,743 g
Waste, salt 0,923 g
Waste, Ag 6,08E-04 g
Waste, bricks 4,04E-02 g
Waste, oxide scale 0,276 g
Waste, iron 1,256 g
Ashes 1,86E-02 g
Oil (aq) 2,10E-02 g
Organics (aq) 2,54E-02 g
Radioactive emissions
[kBq] (aq)

577,254 g

Al (aq) 2,30E-03 g
As (aq) 2,74E-05 g
Cd (aq) 2,35E-06 g
Cr (aq) 1,87E-05 g
Cu (aq) 0,128 g
Ni (aq) 5,09E-05 g
Pb (aq) 7,08E-05 g
Sb (aq) 1,24E-08 g
V (aq) 2,91E-06 g
Sn (aq) 9,37E-04 g
Zn (aq) 1,46E-04 g
F- (aq) 6,20E-03 g
Metals (aq) 4,89E-03 g
PAH (aq) 1,10E-04 g
Tot-F (aq) 3,66E-06 g
Mn (aq) 2,24E-04 g
Suspended solids (aq) 0,242 g
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Dissolved solids (aq) 7,48E-02 g
Fe (aq) 1,95E-02 g
Sr (aq) 3,47E-04 g
Salt (aq) 4,30E-02 g
Tot-CN (aq) 2,54E-05 g
Hg (aq) 9,94E-07 g
Alcohols (aq) 1,23E-07 g
Benzene (aq) 8,04E-07 g
Inorganic Dissolved
Matter (aq)

1,62E-02 g

Mg (aq) 3,38E-04 g
Toluene (aq) 4,99E-06 g
Dissolved solids 1,10E-03 g
Suspended solids -1,24E-03 g
Dissolved organics 9,06E-03 g
Fungicides 2,53E-06 g
Hydrogen 4,52E-04 g
Toxic chemicals 3,91E-06 g
Non toxic chemicals 1,71E-02 g
Other organics 1,35E-04 g
Non-toxic chemicals 2,89E-05 g
Regulated chemicals 8,98E-05 g
Inert chemicals 1,14E-03 g
Dioxine 5,69E-12 g
Dioxin 7,68E-11 g
Radioactivity
(different nuclides)
[Bq]

-8,63E-03 g

Radioactive emissions
[kBq]

6,15E+04 g

As 9,13E-04 g
Cd 0,289 g
Cr 5,08E-05 g
Hg 8,58E-03 g
Ni 1,46E-04 g
Pb 1,11E-02 g
Cu 2,08E-04 g
Se 8,53E-06 g
Zn 2,07E-02 g
Sn 7,13E-07 g
Metals 1,31E-04 g
Dust 6,28E-02 g
Fe 9,39E-03 g

Mn 2,69E-05 g
V 2,68E-04 g
Sb 2,57E-06 g
Na 3,58E-05 g
Heavy metals 9,82E-19 g
Mo 6,13E-06 g
Sea water (r) 0,139 g
Ground water (r) 2,81E-06 g
Surface water (r) 5,72E-08 g
Rocksalt (r) 3,25E-03 g
Wood (r) 2,75E-02 g
Clay (r) 8,85E-04 g
Limestone (r) 200,751 g
NaCl (r) 3,622 g
Water (r) 1,32E+06 g
Caliche (r) 0,892 g
Dolomite (r) 0,636 g
Feldspar (r) 7,75E-04 g
Sand (r) 12,839 g
Biomass (r) 20,087 g
Salt (r) 0,198 g
Betonite (r) 0,45 g
Softwood (r) 3,49E-02 g
Bentonite (r) 1,16E-02 g
Lignite (r) 0,526 g
Natural gravel (r) 528,912 g
Mineral Ores (r) 1,49E-03 g
Seawater (r) 0,311 g
Subsoil water (r) 0,143 g
Processgases (in) 0,103 g
Mineralull (in) 2,82E-02 g
Additives (in) 8,21E-02 g
Minerals, explosives
(in)

2,71E-03 g

Processchemicals (in) 1,07E-02 g
Minerals (ground) 3,49E-05 g
Chemicals (ground) 1,65E-06 g
Metals (ground) 3,73E-04 g
Miljöfarliga utsl. (air) 7,62E-04 g
Miljöfarliga utsl. (aq) 3,33E-06 g
Dissolved organics
(aq)

1,83E-04 g



Telia                                                                      Life cycle assessment of radio relay systems

86

Gravel (r) 1,01E-06 g
Air (r) 0,274 g
Oxygen (r) 8,79E-03 g
Shale (r) 1,32E-05 g
Water, public supply
(r)

2,807 g

Water, river/canal (r) 11,859 g
Water, sea (r) 21,644 g
Water, unspecified (r) 6,448 g
Water, well (r) 0,152 g
Unspecified (r) [MJ] 1,01E-05 g
Other organics (aq) 1,22E-05 g
Nitrogen (r) 8,79E-02 g
Land use II-IV [m2y] 2,05E-08 g
Land use II-III [m2y] 6,77E-08 g
Emulsifying agent (in) 5,83E-03 g
Aluminium powder
(in)

1,69E-02 g

Solvey soda (in) 1,22E-03 g
Skimmings and dross
for recycling (out)

4,39E-02 g

Steel scrap (out) 2,23E-02 g
Refractory materials
(in)

3,15E-02 g

Benzene (out) 0,311 g
Carbon reused as fuel
(out)

6,07E-02 g

Aluminium hydroxide
(in)

4,28E-02 g

Calcium fluoride (in) 9,29E-02 g
Sulphuric acid (in) 0,108 g
Aluminium (in) 9,75E-02 g
Blast furnace gas
[Nm3] (out)

4,72E-02 g

Coke dust (out) 2,978 g
Coke gas [Nm3] (out) 2,09E-03 g
LD-gas [Nm3] (out) 4,78E-03 g
Pig iron (out) 1,647 g
Raw steel (out) 8,873 g
Slag (out) 9,735 g
Sulphur (out) 5,85E-02 g
Lime (in) 0,107 g
Tar (out) 1,074 g
Oxygen (in) 1,245 g
Steam -6,58E-04 MJ
Paper (in) 0,291 g
Cu (out) 1,96E-03 g
Aluminium scrap (in) 4,195 g
PBDE (in) 6,80E-02 g
CuZn34Pb8Sn6 (in) 5,61E-02 g
Other organics (air) 2,23E-07 g
Diesel, train 2,00E-03 MJ
Thinner (in) 3,16E-03 g
Zakk-paint (in) 3,43E-02 g
Markeringstråd (in) 4,29E-05 g
Vävd fiber (in) 1,70E-03 g
Svällbar vävd fiber
(in)

5,48E-03 g

Färg (in) 1,32E-04 g
Bläck (in) 7,82E-06 g
Vaselin (in) 3,44E-02 g
Smältlim (in) 1,83E-03 g
PET-garn (in) 8,76E-04 g
Spole (in) 4,29E-03 g

NL290max

Table III.IV. Emissions, inflows not followed to the cradle, outflows not followed to the
grave, and internal energy carriers from the NL290max life cycle.

Name Value Unit
CO2 155,684 g

CO 0,29 g
NOx 0,618 g
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SO2 0,738 g
NMVOC 2,98E-02 g
CH4 0,397 g
NH3 1,18E-04 g
N2O 2,00E-02 g
HCl 5,23E-03 g
H2S 6,21E-05 g
HF 9,42E-04 g
Particulates 0,168 g
CN- 1,26E-06 g
COD (aq) 3,16E-02 g
BOD5 (aq) 1,49E-03 g
Tot-N (aq) 2,43E-03 g
Phosphate (aq) 2,43E-05 g
H2S (aq) 3,09E-08 g
Co (aq) -1,53E-05 g
Cl- (aq) 0,828 g
SO42- (aq) 0,187 g
CN- (aq) 1,11E-06 g
Crude oil (r) 36,088 g
Natural gas (r) 9,774 g
Peat (r) -2,34E-06 g
Hard coal (r) 26,135 g
Brown coal (r) 15,904 g
Uranium (as pure U)
(r)

9,97E-03 g

Hydro power-water (r) 8,12E+03 g
NMVOC, diesel
engines

1,53E-02 g

Diesel, heavy &
medium truck
(highway)

6,81E-02 MJ

HC 6,19E-02 g
Phenol (aq) 1,79E-05 g
COD 1,81E-03 g
Diesel 0,102 MJ
Crude oil, feedstock
(r)

1,411 g

Coal (r) 0,263 g
Coal, feedstock (r) 0,169 g
Bauxite (r) 6,722 g
Iron ore (r) 28,676 g
NH4+ (aq) 4,27E-04 g

HC (aq) 2,73E-04 g
LP-gas (r) 8,27E-05 g
Na2CO3 (r) 4,21E-04 g
NH4NO3 9,74E-05 g
HNO3 (aq) 4,90E-06 g
NH3 (aq) 6,91E-06 g
NO3- (aq) 4,54E-04 g
Na+ (aq) 5,93E-02 g
Aldehydes 1,38E-05 g
Formaldehyde 6,16E-06 g
Fluorides 1,74E-03 g
Na2SO4 (in) 2,17E-05 g
Steel (in) 1,10E-02 g
PAH 1,48E-04 g
VOC 1,38E-02 g
H2SO4 (aq) 1,45E-03 g
Chloride (aq) 4,84E-03 g
Carbon (in) 5,56E-02 g
Manganeese ore (r) 0,355 g
Olivine (r) 0,622 g
Co 3,22E-06 g
NO2- (aq) 5,76E-06 g
Tot-P 2,96E-07 g
NMVOC, oil
combustion

3,73E-02 g

Benzene 1,95E-04 g
Cr3+ 1,87E-06 g
PO43- (aq) 1,27E-05 g
Cr3+ (aq) 3,67E-06 g
VOC, natural gas
combustion

2,02E-12 g

VOC, coal combustion 2,79E-05 g
VOC, diesel engines 7,16E-04 g
NMVOC, power
plants

7,35E-04 g

NMVOC, natural gas
combustion

1,99E-04 g

NMVOC, petrol
engines

1,93E-13 g

Benzo(a)pyrene 4,49E-09 g
Aromates (C9-C10) 1,61E-05 g
Organics 3,05E-04 g
BOD (aq) 2,08E-05 g
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DOC (aq) 1,36E-13 g
NO3-N (aq) 1,46E-07 g
NH4-N (aq) 1,78E-04 g
Nitrogen (aq) 9,93E-06 g
H+ (aq) 4,10E-04 g
Aromates (C9-C10)
(aq)

4,57E-06 g

Fuel, unspecified [MJ]
(r)

2,86E-07 g

CaCO3 (r) 7,21E-05 g
Al (r) 4,10E-05 g
Fe (r) 4,28E-05 g
Mn (r) 2,45E-07 g
Propane 1,26E-05 g
Alkanes 2,31E-05 g
Alkenes 6,28E-06 g
Toluene 2,31E-06 g
Pentane 2,10E-06 g
Butane 1,24E-06 g
Acetaldehyde 5,44E-09 g
Ca 1,58E-05 g
Sr 6,16E-06 g
B 5,98E-04 g
U 9,39E-08 g
Tl 1,69E-08 g
Th 9,77E-08 g
COS 1,45E-02 g
CF4 1,31E-03 g
C2F6 1,45E-04 g
Hard coal, feedstock
(r)

13,943 g

Ethane 1,81E-05 g
Ethene 3,60E-05 g
Acetylene 6,00E-06 g
Propene 5,95E-06 g
Tot-P (aq) 8,72E-06 g
TOC (aq) 3,72E-06 g
Natural gas, feedstock 1,94E-02 MJ
Gasoline 3,02E-05 MJ
Oil, heavy fuel 2,32E-02 MJ
Oil, heavy fuel,
feedstock

2,34E-02 MJ

Hard coal, feedstock 0,242 MJ

Fuel oil, ship (2-
stroke)

3,60E-02 MJ

Electricity, European
average

0,436 MJ

Natural gas (<100 kW) 1,37E-02 MJ
Oil, light fuel 1,48E-02 MJ
Diesel, light truck
(urban)

8,65E-03 MJ

Diesel, heavy &
medium truck (rural)

7,06E-02 MJ

Diesel, ship (4-stroke) -1,05E-02 MJ
LPG, thermal 5,28E-04 MJ
Copper ore [0.35 %
Cu] (r)

206,77 g

Ar (r) 9,64E-02 g
BaSO4 (r) 2,25E-03 g
Copper ore (0.7% Cu)
(r)

0,778 g

Dichloro Silane (DCS)
(r)

6,24E-04 g

CH3CCl2F 2,31E-03 g
Ferric Chloride
(FeCl3) (r)

3,22E-02 g

CaF2 ore (r) 3,22E-02 g
HBr (r) 1,74E-03 g
N2O (r) 5,50E-03 g
SiO2 ore (r) 0,211 g
FeS2 ore (r) 5,06E-02 g
AOX 1,73E-07 g
Acetic acid (aq) 7,37E-10 g
N (aq) 9,66E-03 g
Ba (aq) 4,10E-05 g
Barytes (aq) 5,69E-05 g
Ca (aq) 7,83E-04 g
Nitrates (aq) 2,41E-02 g
K+ (aq) 3,21E-05 g
Na (aq) 7,81E-02 g
Trichloro Silane (TCS)
(r)

2,25E-04 g

Alcohols 3,21E-05 g
Cl2 (aq) 1,14E-07 g
Ethylene 3,44E-06 g
HALON-1301 8,21E-08 g
Silicates 1,16E-05 g
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Kalin ore (r) 6,81E-02 g
U (r) 1,93E-04 g
Acetic acid 8,99E-12 g
Cl2 8,16E-10 g
NO2 6,74E-03 g
P2O5 1,19E-08 g
Na2SO4 3,21E-07 g
B (aq) 8,33E-06 g
P (aq) 5,51E-02 g
P2O5 (aq) 4,86E-05 g
Electricity, no EF 4,45E-02 MJ
Rn-222 [Bq] 3,18E+04 g
Hydro power [MJel]
(r)

2,33 g

Wind power [MJel] (r) 2,39E-03 g
Lead ore (1% Pb) (r) 1,48E-02 g
H2SO4 (in) 5,15E-02 g
Electricity, Swedish
average

2,405 MJ

Natural uranium (r) 3,92E-06 g
Zn (r) 0,671 g
Phenol 1,28E-02 g
Tot-N -3,01E-04 g
Xylene 1,21E-06 g
Be 1,13E-07 g
Hard coal 2,49E-02 MJ
HCl (aq) 0,233 g
Natural gas, feedstock
(r)

0,372 g

SOx 1,37E-02 g
BOD 5,80E-04 g
Nitrates 4,88E-07 g
Ferromanganese (r) 1,57E-07 g
Acid as H+ 8,01E-05 g
Other nitrogen 2,13E-04 g
Phosphate/nitrate 1,68E-06 g
Phosphate 1,33E-06 g
Ionics (aq) 7,97E-05 g
NH4+ 1,41E-08 g
Electricity 4,32E-03 MJ
Electricity, hydro
power [MJel]

1,209 MJ

Electricity, nuclear 1,04E-03 MJ

power [MJel]
Natural gas (>100 kW) 1,13E-02 MJ
Lödtenn/lodpasta (in) 1,31E-04 g
Cu (r) 2,15E-03 g
Ag (r) -2,88E-04 g
Au (r) -3,21E-04 g
Guld (in) 5,93E-04 g
Silver (in) 6,45E-04 g
Wood chips 3,08E-02 MJ
Biomass (in) -0,491 g
Peat (in) -0,206 g
Other heat [MJheat]
(in)

-1,49E-02 g

District heat, Swedish
average

-5,13E-02 MJ

Hydrocarbons 1,01E-03 g
Organo-Cl 6,69E-05 g
Aromatic-HC's 1,80E-05 g
CFC/HCFC 4,05E-07 g
H2 4,86E-05 g
Acid as H+ (aq) 7,91E-06 g
Hydrocarbons (aq) 1,01E-05 g
Ca2+ (aq) 9,53E-05 g
Fe2+/Fe3+ (aq) 1,70E-05 g
Mg 2+ (aq) 6,07E-07 g
Other nitrogen (aq) 1,82E-06 g
CO32- (aq) 5,26E-03 g
Detergent/oil (aq) 1,78E-05 g
Organo-Cl (aq) 4,05E-07 g
Calcium sulphate (r) 2,83E-06 g
Iron (r) 1,90E-04 g
Pb (r) 0,374 g
KCl (r) 1,21E-06 g
S, bonded (r) 4,67E-04 g
S, elemental (r) 9,31E-04 g
Coal, metallurgical (r) 6,88E-05 g
Kolväten, CH 1,28E-02 g
Sn (r) 0,102 g
S (r) 4,35E-04 g
S, feedstock (r) 4,35E-04 g
H2 (r) [MJ] 1,17E-04 g
Recovered energy (r)
[MJ]

3,78E-04 g
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Organics (air) 3,57E-03 g
Fe2+ (aq) 1,23E-10 g
THC 1,42E-04 g
Tot-CN -2,47E-06 g
Uranium [as pure U]
(r)

-1,18E-06 g

CF4 + C2F6 -7,28E-04 g
Organic C (aq) -3,64E-06 g
Diesel (r) -9,64E-03 g
Cybernite (r) 0,299 g
Cl- 3,38E-06 g
Renewable fuel 3,67E-03 MJ
Rock (r) 978,424 g
Forested area
[m2*year] (r)

1,22E-02 g

Waste, industrial 10,443 g
Waste, hazardous 1,372 g
Waste, highly
radioactive

2,07E-02 g

Waste, rocks 198,749 g
Waste, sludge 0,742 g
Waste, red mud 1,927 g
Solid waste 2,60E-02 g
Waste, ashes 0,166 g
Waste, refractory 2,06E-02 g
Waste, carbon 1,38E-02 g
Waste, inert residues 0,197 g
Waste, dross fines 3,80E-03 g
Waste, LD-sludge 0,258 g
Waste, LD-dust 5,69E-03 g
Waste, LD-slag 0,326 g
Waste, scrap 0,137 g
Waste, granite 13,241 g
Waste, radioactive 4,26E-03 g
Waste, non-magnetic 0,192 g
Waste, mineral 3,16E-02 g
Waste, slags & ashes
(waste incin.)

1,62E-07 g

Waste, slags & ashes
(energy prod.)

1,444 g

Waste, slags & ashes 4,07E-02 g
Waste, bulky 10,914 g
Waste, rubber 1,26E-05 g

Waste, chemical 8,32E-05 g
Waste, copper ore 30,415 g
Waste, sand 260,813 g
Waste, demolition
(inactive)

2,15E-02 g

Waste, dust 0,159 g
Water, chemically
polluted (aq)

57,217 g

Waste, other 64,067 g
Waste, high. radioact.
[cm3]

9,31E-08 g

Waste, med. radioact.
[cm3]

2,33E-06 g

Waste, low radioact.
[cm3]

2,33E-06 g

Waste, inert chemicals 2,66E-05 g
Waste, regulated
chemicals

4,46E-08 g

Industrial waste 2,81E-03 g
Waste, mineral ores 1,493 g
Mineral waste 1,28E-02 g
Special waste 7,97E-05 g
Waste, fillingmtrl 1,04E+03 g
Kalkslam 1,83E-03 g
Miljöfarligt avfall 3,81E-04 g
Waste, packagings 2,38E-03 g
Waste, high.
radioactive

1,15E-05 g

Sludge 2,80E-04 g
Waste, inert chemical 1,76E-04 g
Waste, regulated
chemical

2,02E-03 g

Waste, unspecified 4,26E-06 g
Waste, construction 2,23E-06 g
Waste, metals 3,86E-06 g
Waste, to incineration 9,12E-05 g
Mixed industrial waste 1,34E-03 g
Waste, steel 7,872 g
Waste, plastics 4,05E-07 g
Waste, plastic 0,568 g
Waste, Övrigt 1,307 g
Waste 3,35E-02 g
Waste, slag 0,841 g
Waste, Al 1,821 g
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Waste, Cu 0,493 g
Waste, salt mine 3,44E-02 g
Waste, industry 8,35E-04 g
Waste, Ö.Metall 0,803 g
Waste, Au 3,21E-04 g
Waste, Zink 0,541 g
Waste, salt 0,461 g
Waste, Ag 3,21E-04 g
Waste, bricks 1,26E-02 g
Waste, oxide scale 8,63E-02 g
Waste, iron 0,477 g
Ashes 5,59E-03 g
Oil (aq) 8,53E-03 g
Organics (aq) 1,04E-02 g
Radioactive emissions
[kBq] (aq)

214,113 g

Al (aq) 9,09E-04 g
As (aq) 1,03E-05 g
Cd (aq) 9,19E-07 g
Cr (aq) 5,77E-06 g
Cu (aq) 5,51E-02 g
Ni (aq) 2,06E-05 g
Pb (aq) 2,42E-05 g
Sb (aq) 3,38E-09 g
V (aq) 7,92E-07 g
Sn (aq) 2,54E-04 g
Zn (aq) 9,08E-05 g
F- (aq) 2,66E-03 g
Metals (aq) 1,96E-03 g
PAH (aq) 5,22E-05 g
Tot-F (aq) 1,81E-06 g
Mn (aq) 5,21E-05 g
Suspended solids (aq) 0,104 g
Dissolved solids (aq) 2,47E-02 g
Fe (aq) 2,56E-02 g
Sr (aq) 1,20E-04 g
Salt (aq) 5,57E-02 g
Tot-CN (aq) 5,85E-06 g
Hg (aq) 3,92E-07 g
Alcohols (aq) 5,26E-08 g
Benzene (aq) 3,44E-07 g
Inorganic Dissolved 6,94E-03 g

Matter (aq)
Mg (aq) 1,45E-04 g
Toluene (aq) 2,14E-06 g
Dissolved solids 3,95E-04 g
Suspended solids -8,73E-04 g
Dissolved organics 5,00E-03 g
Fungicides 4,19E-07 g
Hydrogen 7,50E-05 g
Toxic chemicals 1,73E-06 g
Non toxic chemicals 2,97E-03 g
Other organics 8,10E-05 g
Non-toxic chemicals 1,11E-05 g
Regulated chemicals 4,99E-05 g
Inert chemicals 6,33E-04 g
Dioxine 3,14E-12 g
Dioxin 3,43E-11 g
Radioactivity
(different nuclides)
[Bq]

-3,28E-03 g

Radioactive emissions
[kBq]

2,29E+04 g

As 1,91E-04 g
Cd 8,68E-02 g
Cr 1,25E-05 g
Hg 2,58E-03 g
Ni 8,12E-05 g
Pb 2,54E-03 g
Cu 8,81E-05 g
Se 9,71E-06 g
Zn 7,02E-03 g
Sn 2,38E-07 g
Metals 5,52E-05 g
Dust 3,11E-02 g
Fe 1,85E-03 g
Mn 1,25E-05 g
V 1,93E-04 g
Sb 1,34E-06 g
Na 8,41E-06 g
Heavy metals 1,44E-18 g
Mo 2,40E-06 g
Sea water (r) 2,80E-02 g
Ground water (r) 9,38E-07 g
Surface water (r) 1,92E-08 g
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Rocksalt (r) 1,95E-03 g
Wood (r) 9,58E-03 g
Clay (r) 3,74E-04 g
Limestone (r) 20,518 g
NaCl (r) 1,596 g
Water (r) 1,92E+06 g
Caliche (r) 0,306 g
Dolomite (r) 0,199 g
Feldspar (r) 2,66E-04 g
Sand (r) 5,66 g
Biomass (r) 5,796 g
Salt (r) 9,79E-02 g
Betonite (r) 8,67E-02 g
Softwood (r) 1,45E-02 g
Bentonite (r) 3,52E-03 g
Lignite (r) 0,241 g
Natural gravel (r) 49,093 g
Mineral Ores (r) 2,47E-04 g
Seawater (r) 0,187 g
Subsoil water (r) 8,57E-02 g
Processgases (in) 6,17E-02 g
Mineralull (in) 8,46E-03 g
Additives (in) 1,36E-02 g
Minerals, explosives
(in)

1,63E-03 g

Processchemicals (in) 6,43E-03 g
Minerals (ground) 2,10E-05 g
Chemicals (ground) 9,92E-07 g
Metals (ground) 2,24E-04 g
Miljöfarliga utsl. (air) 4,58E-04 g
Miljöfarliga utsl. (aq) 2,00E-06 g
Dissolved organics
(aq)

1,09E-04 g

Gravel (r) 6,07E-07 g
Air (r) 0,164 g
Oxygen (r) 5,26E-03 g
Shale (r) 7,91E-06 g
Water, public supply
(r)

1,68 g

Water, river/canal (r) 7,098 g
Water, sea (r) 12,955 g
Water, unspecified (r) 3,859 g
Water, well (r) 9,11E-02 g

Unspecified (r) [MJ] 6,07E-06 g
Other organics (aq) 7,29E-06 g
Nitrogen (r) 5,26E-02 g
Land use II-IV [m2y] 3,36E-09 g
Land use II-III [m2y] 1,11E-08 g
Emulsifying agent (in) 2,00E-03 g
Aluminium powder
(in)

5,82E-03 g

Solvey soda (in) 4,21E-04 g
Skimmings and dross
for recycling (out)

2,17E-02 g

Steel scrap (out) 1,10E-02 g
Refractory materials
(in)

1,56E-02 g

Benzene (out) 5,98E-02 g
Carbon reused as fuel
(out)

3,01E-02 g

Aluminium hydroxide
(in)

2,12E-02 g

Calcium fluoride (in) 4,60E-02 g
Sulphuric acid (in) 5,32E-02 g
Aluminium (in) 1,84E-02 g
Blast furnace gas
[Nm3] (out)

9,09E-03 g

Coke dust (out) 0,574 g
Coke gas [Nm3] (out) 4,02E-04 g
LD-gas [Nm3] (out) 9,02E-04 g
Pig iron (out) 0,317 g
Raw steel (out) 1,676 g
Slag (out) 1,875 g
Sulphur (out) 1,13E-02 g
Lime (in) 3,09E-02 g
Tar (out) 0,207 g
Oxygen (in) 0,359 g
Steam -1,09E-04 MJ
Paper (in) 4,70E-02 g
Cu (out) 1,18E-03 g
Aluminium scrap (in) 2,094 g
PBDE (in) 1,10E-02 g
CuZn34Pb8Sn6 (in) 9,06E-03 g
Other organics (air) 1,33E-07 g
Diesel, train 6,85E-04 MJ
Thinner (in) 1,89E-03 g
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Zakk-paint (in) 2,05E-02 g
Markeringstråd (in) 1,71E-05 g
Vävd fiber (in) 6,78E-04 g
Svällbar vävd fiber
(in)

2,19E-03 g

Färg (in) 5,30E-05 g

Bläck (in) 3,12E-06 g
Vaselin (in) 1,37E-02 g
Smältlim (in) 7,31E-04 g
PET-garn (in) 3,52E-04 g
Spole (in) 1,71E-03 g

Optimin

Table III.V. Emissions, inflows not followed to the cradle, outflows not followed to the grave,
and internal energy carriers from the Optimin life cycle.

Name Value Unit
CO2 1070 g
CO 1,659 g
NOx 11,121 g
SO2 1,619 g
NMVOC 0,242 g
CH4 0,623 g
NH3 0,000521 g
N2O 0,0422 g
HCl 0,0057 g
H2S 8,34E-05 g
HF 0,00185 g
CN- 1,76E-05 g
COD (aq) 0,0158 g
BOD5 (aq) 0,000676 g
Tot-N (aq) 0,0169 g
Phosphate (aq) 0,000116 g
H2S (aq) 3,65E-07 g
Organics (aq) 0,0828 g
Cl- (aq) 4,044 g
SO42- (aq) 0,22 g
CN- (aq) 1,12E-05 g
Crude oil (r) 230,537 g
Natural gas (r) 45,137 g
Hard coal (r) -0,663 g
Brown coal (r) 4,84 g
Uranium (as pure U)
(r)

0,00503 g

Hydro power-water (r) 2760 g
NMVOC, diesel
engines

0,147 g

Diesel, heavy &
medium truck

0,529 MJ

(highway)
Natural uranium (r) 6,75E-06 g
Hydro power [MJel]
(r)

0,549 g

Crude oil, feedstock (r) 154,021 g
Natural gas, feedstock
(r)

101,939 g

Coal (r) 15,162 g
Coal, feedstock (r) 0,0719 g
Bauxite (r) 0,973 g
Ferromanganese (r) 1,27E-05 g
Iron ore (r) 21,445 g
SOx 1,088 g
HC 4,303 g
Hydrogen 0,000753 g
VOC 0,00799 g
COD 0,061 g
BOD 0,0149 g
Acid as H+ 0,015 g
Tot-N -0,00029 g
Nitrates 0,00123 g
NH3 (aq) 3,75E-05 g
NH4+ (aq) 0,00202 g
Phosphate 0,000221 g
HC (aq) 0,0208 g
Metals (aq) 0,0496 g
Ionics (aq) 0,000652 g
Additives (in) 0,111 g
PAH (aq) 9,8E-06 g
H2SO4 (aq) 0,00019 g
Chloride (aq) 0,000658 g
LP-gas (r) 8,02E-05 g
NH4NO3 0,000124 g
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HNO3 (aq) 6,23E-06 g
NO3- (aq) 0,000568 g
Na+ (aq) 0,0426 g
Emulsifying agent (in) 0,00254 g
Aluminium powder
(in)

0,00739 g

Solvey soda (in) 0,0241 g
Na2SO4 (in) 0,00125 g
Aldehydes 3,68E-07 g
Fluorides 0,000227 g
Phenol (aq) 3,45E-05 g
Aluminium hydroxide
(in)

0,00276 g

Calcium fluoride (in) 0,006 g
Sulphuric acid (in) 0,00695 g
Refractory materials
(in)

0,00203 g

Steel (in) 0,00144 g
Carbon (in) 0,00726 g
Manganeese ore (r) 0,299 g
Olivine (r) 0,465 g
NO2- (aq) 4,19E-06 g
Tot-P -2,9E-06 g
Mn (aq) 3,16E-05 g
Aluminium (in) 0,0121 g
Epoxylim (in) 1,56E-07 g
PBTP (in) 6,23E-07 g
NMVOC, oil
combustion

0,515 g

Benzene 0,0016 g
Cr3+ -7,9E-05 g
PO43- (aq) 0,000178 g
Cr3+ (aq) 4,72E-05 g
VOC, natural gas
combustion

1,82E-13 g

VOC, coal combustion 2,29E-06 g
VOC, diesel engines 6,49E-05 g
NMVOC, power plants 8,21E-05 g
NMVOC, natural gas
combustion

-0,00019 g

NMVOC, petrol
engines

1,75E-14 g

Benzo(a)pyrene 3,5E-08 g
Aromates (C9-C10) 0,000146 g
BOD (aq) -3,6E-05 g
DOC (aq) 5,69E-14 g
Dissolved solids (aq) 0,0036 g
NO3-N (aq) 5,65E-08 g

NH4-N (aq) 3,58E-05 g
Nitrogen (aq) 3,56E-06 g
H+ (aq) 0,000131 g
Aromates (C9-C10)
(aq)

1,63E-06 g

Fe (aq) 0,00475 g
Sr (aq) 1,47E-05 g
Fuel, unspecified [MJ]
(r)

7,87E-08 g

Al (r) 1,68E-05 g
Fe (r) 1,75E-05 g
Mn (r) 1,02E-07 g
Mo 1,98E-05 g
Sr 1,1E-06 g
B 0,000107 g
U 1,68E-08 g
Tl 3,02E-09 g
Th 1,74E-08 g
Sn 6,47E-07 g
COS 0,00267 g
CF4 0,000241 g
C2F6 2,68E-05 g
Propane -0,00021 g
Alkanes 0,000285 g
Alkenes -8E-05 g
Toluene -2,8E-05 g
Formaldehyde 0,000468 g
Pentane -0,00019 g
Butane -0,00011 g
Acetaldehyde 2,16E-08 g
Ca 0,000105 g
Na 0,000842 g
Hard coal, feedstock
(r)

8,504 g

Ethane -0,00029 g
Ethene -0,0006 g
Acetylene -0,0001 g
Propene -0,00011 g
Tot-P (aq) 7,34E-06 g
TOC (aq) 1,9E-06 g
Tot-CN (aq) 4,92E-06 g
Electricity 0,323 MJ
Diesel 5,425 MJ
Natural gas, feedstock 4,552 MJ
Steam -0,00089 MJ
Gasoline 2,23E-05 MJ
Electricity, European
average

0,0783 MJ



Telia                                                                      Life cycle assessment of radio relay systems

95

Natural gas (<100 kW) 0,0775 MJ
Oil, heavy fuel 1,584 MJ
Oil, heavy fuel,
feedstock

5,829 MJ

Diesel, ship (4-stroke) -0,0103 MJ
Hard coal 0,451 MJ
Hard coal, feedstock 0,149 MJ
Electricity, hydro
power [MJel]

0,052 MJ

Electricity, nuclear
power [MJel]

0,11 MJ

Fuel oil, ship (2-
stroke)

0,0136 MJ

Diesel, heavy &
medium truck (rural)

1,262 MJ

Oil, light fuel 0,00753 MJ
LPG, thermal 0,000442 MJ
Diesel, light truck
(urban)

0,00685 MJ

Peat (r) -2E-06 g
Rn-222 [Bq] 17200 g
Phenol 0,0428 g
Copper ore [0.35 %
Cu] (r)

-3,111 g

Hg (aq) 3,29E-07 g
Zn (r) 0,126 g
Copper ore (0.7% Cu)
(r)

0,476 g

Lead ore (1% Pb) (r) 0,00522 g
H2SO4 (in) 0,0348 g
Oxygen (in) 0,243 g
NH4+ 4,13E-06 g
Xylene -1,8E-05 g
Be 1,35E-07 g
Natural gas (>100 kW) 1,656 MJ
Wind power [MJel] (r) 0,00138 g
Electricity, Swedish
average

1,395 MJ

Diesel, train 0,00329 MJ
Sn (r) 0,625 g
Lödtenn/lodpasta (in) 0,000219 g
Cu (r) 0,00359 g
Ag (r) -0,00044 g
Au (r) -0,00049 g
Guld (in) 0,000992 g
Silver (in) 0,000992 g
Wood chips 0,103 MJ
Biomass (in) -32,505 g

Peat (in) -10,017 g
Other heat [MJheat]
(in)

-0,725 g

District heat, Swedish
average

-2,492 MJ

Fe2+ (aq) 8,06E-11 g
Pb (r) 2,313 g
THC 0,000881 g
PBDE (in) 0,0683 g
CuZn34Pb8Sn6 (in) 0,0564 g
Tot-CN -2,4E-06 g
Nitrates (aq) 0,00765 g
Uranium [as pure U]
(r)

-2,8E-06 g

CF4 + C2F6 -0,00017 g
Organic C (aq) -8,7E-07 g
Diesel (r) -0,00229 g
Aluminium scrap (in) 0,497 g
Dioxine 1,10E-12 g
Cl- 1,19E-06 g
Gas 2,75E-05 MJ
Cl2 3,66E-05 g
Chlorinated organics 0,0132 g
Chlorinated organics
(aq)

0,000183 g

Detergent/oil (aq) 5,61E-06 g
H2 9,04E-06 g
Sulphur (aq) 4,2E-06 g
Electricity, no EF 0,5 MJ
Renewable fuel 0,0122 MJ
Kolväten, CH 0,0428 g
Ar (r) 0,0306 g
CH3CCl2F 0,000733 g
CaF2 ore (r) 0,0102 g
HBr (r) 0,000553 g
Lignite (r) 0,0596 g
N2O (r) 0,00175 g
SiO2 ore (r) 0,0669 g
FeS2 ore (r) 0,016 g
AOX 5,49E-08 g
Acetic acid (aq) 2,34E-10 g
Alcohols (aq) 1,67E-08 g
N (aq) 0,00306 g
Ba (aq) 0,000013 g
Barytes (aq) 1,81E-05 g
Benzene (aq) 1,09E-07 g
Ca (aq) 0,000247 g
Mg (aq) 4,61E-05 g
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K+ (aq) 1,02E-05 g
Na (aq) 0,0248 g
Toluene (aq) 6,79E-07 g
Alcohols 1,02E-05 g
Cl2 (aq) 3,62E-08 g
Ethylene 1,09E-06 g
HALON-1301 2,61E-08 g
Silicates 3,69E-06 g
U (r) 6,12E-05 g
Acetic acid 2,86E-12 g
NO2 0,00214 g
P2O5 3,78E-09 g
Na2SO4 1,02E-07 g
B (aq) 2,63E-06 g
P (aq) 0,0175 g
P2O5 (aq) 1,22E-08 g
Water, chemically
polluted (aq)

18,153 g

Fillingmtrl 6840 g
Waste, industrial 4,755 g
Waste, hazardous -0,854 g
Waste, highly
radioactive

0,0546 g

Mixed industrial waste 0,000983 g
Waste, carbon black 0,000141 g
Waste, Al 0,433 g
Waste, slag 0,841 g
Waste, Cu 0,173 g
Waste, salt mine 0,00817 g
Waste, Au 0,000493 g
Waste, Zink 0,173 g
Waste, Ö.Metall 0,865 g
Waste, industry 0,00278 g
Waste, steel 11,939 g
Waste, bricks 0,0126 g
Waste, plastic 66,357 g
Waste, salt 0,109 g
Waste, oxide scale 0,0863 g
Waste, iron 1,125 g
Waste, Övrigt 29,415 g
Waste 0,0559 g
Waste, mineral ores 2,495 g
Waste, high.
radioactive

1,92E-05 g

Waste, fillingmtrl 10300 g
Waste, demolition
(inactive)

0,0145 g

Waste, packagings 0,00398 g

Waste, other 21,531 g
Waste, copper ore 39,659 g
Waste, slags & ashes 0,00596 g
Waste, sand 340,428 g
Waste, inert chemicals 0,000089 g
Waste, regulated
chemicals

1,49E-07 g

Waste, dust 0,159 g
Waste, mineral 0,000978 g
Waste, radioactive 0,00109 g
Waste, ashes -0,405 g
Waste, slags & ashes
(waste incin.)

6,75E-08 g

Waste, high. radioact.
[cm3]

4,13E-07 g

Waste, carbon 0,00179 g
Waste, slags & ashes
(energy prod.)

0,253 g

Waste, non-magnetic 0,126 g
Waste, low radioact.
[cm3]

5,01E-06 g

Waste, med. radioact.
[cm3]

5,04E-06 g

Waste, rocks 260,539 g
Waste, granite 9,905 g
Waste, scrap 0,12 g
Waste, red mud 0,263 g
Waste, LD-slag 0,214 g
Waste, dross fines 0,000496 g
Waste, inert residues 0,0264 g
Waste, LD-dust 0,00375 g
Waste, LD-sludge 0,17 g
Special waste 0,000652 g
Waste, sludge 0,145 g
Ashes 1,519 g
Waste, refractory 0,00269 g
Mineral waste 3,509 g
Solid waste 0,0252 g
Industrial waste 0,442 g
Waste, bulky 0,969 g
Waste, rubber 5,26E-06 g
Waste, chemical 3,49E-05 g
Land use II-IV [m2y] 2,08E-08 g
Land use II-III [m2y] 6,87E-08 g
F- (aq) 0,00162 g
Tot-F (aq) 2,36E-07 g
Al (aq) 0,0017 g
Oil (aq) 0,103 g
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As (aq) 2,24E-05 g
Cd (aq) 6,25E-06 g
Cr (aq) 3,61E-05 g
Cu (aq) 0,0175 g
Ni (aq) 4,01E-05 g
Pb (aq) 5,11E-05 g
Sb (aq) 3,99E-08 g
Sn (aq) 0,00259 g
V (aq) 9,35E-06 g
Zn (aq) 7,35E-05 g
As 0,000724 g
Cd 0,289 g
Cr 0,000034 g
Hg 0,00857 g
Ni 0,00085 g
Pb 0,00756 g
Cu 0,000122 g
Se 8,7E-06 g
Zn 0,00172 g
Fe 0,00148 g
Mn 8,61E-06 g
V 0,00289 g
Suspended solids 0,0714 g
Dissolved solids 0,0834 g
Dissolved organics 0,0223 g
Benzene (out) 0,0442 g
Carbon reused as fuel
(out)

0,00392 g

Skimmings and dross
for recycling (out)

0,00283 g

Steel scrap (out) 0,00144 g
Blast furnace gas
[Nm3] (out)

0,00671 g

Coke dust (out) 0,424 g
Coke gas [Nm3] (out) 0,000297 g
LD-gas [Nm3] (out) 0,000594 g
Pig iron (out) 0,234 g
Raw steel (out) 1,104 g
Cu (out) 0,00196 g
Slag (out) 1,385 g
Sulphur (out) 0,00833 g
Tar (out) 0,153 g
Sb -8,4E-06 g
Kalkslam 0,00307 g
Rock (r) 12400 g
Gravel, nature (r) 4670 g
Waste, Ag 0,000493 g
Sludge 0,000469 g

Dust 0,00463 g
Sand (r) 1,417 g
Wood (r) 0,0473 g
Clay (r) 0,00274 g
Limestone (r) 1,816 g
Water (r) 346000 g
Caliche (r) 0,389 g
Biomass (r) 3,416 g
Dolomite (r) 0,22 g
Feldspar (r) 0,0153 g
Salt (r) 0,0133 g
Betonite (r) 0,0647 g
Sea water (r) 0,0205 g
Softwood (r) 0,00517 g
Ground water (r) 3,92E-07 g
Surface water (r) 7,98E-09 g
Natural gravel (r) 0,855 g
CaCO3 (r) 2,94E-05 g
Na2CO3 (r) 0,0241 g
Bentonite (r) 0,00186 g
Rocksalt (r) 0,00326 g
Seawater (r) 0,313 g
Subsoil water (r) 0,143 g
Forested area
[m2*year] (r)

0,0405 g

Cybernite (r) 0,071 g
BaSO4 (r) 0,000713 g
Dichloro Silane (DCS)
(r)

0,000198 g

Ferric Chloride
(FeCl3) (r)

0,0102 g

Trichloro Silane (TCS)
(r)

7,13E-05 g

Kalin ore (r) 0,0216 g
Particulates 1,128 g
Radioactive emissions
[kBq]

-792000 g

Radioactive emissions
[kBq] (aq)

-7450 g

NaCl (r) 13,689 g
Mineral Ores (r) 0,00202 g
Metals 0,000225 g
Dioxin 3,88E-10 g
Toxic chemicals 0,00491 g
Non toxic chemicals 0,78 g
Suspended solids (aq) 0,0326 g
Heavy metals 2,57E-19 g
Organics 9,68E-05 g
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Other nitrogen 0,00248 g
Phosphate/nitrate 1,37E-05 g
Fungicides 3,42E-06 g
Salt (aq) 0,0105 g
Non-toxic chemicals 0,00446 g
Mineralull (in) 0,0283 g
Lime (in) 0,0209 g
Other organics (air) 0,000614 g
Miljöfarligt avfall 0,000636 g
Minerals, explosives
(in)

0,00273 g

Processgases (in) 0,103 g
Processchemicals (in) 0,0107 g
Minerals (ground) 3,51E-05 g

Chemicals (ground) 1,66E-06 g
Metals (ground) 0,000375 g
Miljöfarliga utsl. (air) 0,000765 g
Miljöfarliga utsl. (aq) 3,35E-06 g
Radioactivity
(different nuclides)
[Bq]

-0,00773 g

Inert chemicals 0,257 g
Inorganic Dissolved
Matter (aq)

0,0022 g

Regulated chemicals 0,022 g
Paper (in) 0,292 g
Other organics 9,04E-06 g
Organics (air) 0,00261 g

Optimax

Table III.VI. Emissions, inflows not followed to the cradle, outflows not followed to the
grave, and internal energy carriers from the Optimax life cycle.

Name Value Unit
CO2 65,21 g
CO 0,102 g
NOx 0,686 g
SO2 0,093 g
NMVOC 0,0149 g
CH4 0,0345 g
NH3 2,85E-05 g
N2O 0,0024 g
HCl 0,000285 g
H2S 4,65E-06 g
HF 9,94E-05 g
Particulates 0,0691 g
CN- 1,08E-06 g
COD (aq) 0,000866 g
BOD5 (aq) 3,69E-05 g
Tot-N (aq) 0,00102 g
Phosphate (aq) 7,08E-06 g
H2S (aq) 2,25E-08 g
Organics (aq) 0,00506 g
Cl- (aq) 0,244 g
SO42- (aq) 0,0123 g
CN- (aq) 6,88E-07 g
Crude oil (r) 14,216 g
Natural gas (r) 2,734 g

Hard coal (r) -0,29 g
Brown coal (r) 0,189 g
Uranium (as pure U)
(r)

0,0003 g

Hydro power-water (r) 114,977 g
NMVOC, diesel
engines

0,009 g

Diesel, heavy &
medium truck
(highway)

0,0321 MJ

Natural uranium (r) 2,47E-07 g
Hydro power [MJel]
(r)

0,0339 g

Crude oil, feedstock
(r)

9,575 g

Natural gas, feedstock
(r)

6,332 g

Coal (r) 0,942 g
Coal, feedstock (r) 0,0045 g
Bauxite (r) 0,0631 g
Ferromanganese (r) 7,46E-07 g
Iron ore (r) 0,818 g
SOx 0,0663 g
HC 0,268 g
VOC 0,000306 g
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COD 0,00367 g
BOD 0,000912 g
Acid as H+ 0,00093 g
Tot-N -1,1E-05 g
Nitrates 7,69E-05 g
NH3 (aq) 6,92E-07 g
NH4+ (aq) 9,53E-05 g
Other nitrogen 8,13E-05 g
Phosphate/nitrate 2,52E-07 g
Phosphate 1,35E-05 g
HC (aq) 0,00128 g
Additives (in) 0,00204 g
PAH 1,74E-06 g
LP-gas (r) 1,55E-06 g
Na2CO3 (r) 0,00148 g
NH4NO3 2,2E-06 g
HNO3 (aq) 1,11E-07 g
NO3- (aq) 1,04E-05 g
Na+ (aq) 0,00277 g
Emulsifying agent (in) 4,52E-05 g
Aluminium powder
(in)

0,000132 g

Solvey soda (in) 0,00148 g
Na2SO4 (in) 7,66E-05 g
Aldehydes 3,69E-08 g
Fluorides 1,44E-05 g
Aluminium hydroxide
(in)

0,000176 g

Calcium fluoride (in) 0,000381 g
Sulphuric acid (in) 0,000441 g
Refractory materials
(in)

0,000129 g

Steel (in) 9,15E-05 g
Carbon (in) 0,000461 g
Manganeese ore (r) 0,0114 g
Olivine (r) 0,0177 g
Co 1,01E-06 g
NO2- (aq) 1,62E-07 g
Tot-P -1,2E-07 g
Aluminium (in) 0,00047 g
Benzene (out) 0,0017 g
Blast furnace gas
[Nm3] (out)

0,000258 g

Coke dust (out) 0,0163 g
Coke gas [Nm3] (out) 1,14E-05 g
LD-gas [Nm3] (out) 0,000023 g
Pig iron (out) 0,009 g
Raw steel (out) 0,0427 g

Slag (out) 0,0532 g
Sulphur (out) 0,00032 g
Tar (out) 0,00587 g
Epoxylim (in) 6,41E-09 g
PBTP (in) 2,56E-08 g
NMVOC, oil
combustion

0,0315 g

Benzene 0,000097 g
Cr3+ -4,8E-06 g
VOC, natural gas
combustion

-1,48E-14 g

VOC, coal combustion -2,3E-07 g
VOC, diesel engines -5,2E-06 g
NMVOC, power
plants

-3,2E-06 g

NMVOC, natural gas
combustion

-1,7E-05 g

NMVOC, petrol
engines

-1,41E-15 g

Benzo(a)pyrene 2,08E-09 g
Aromates (C9-C10) 8,71E-06 g
Organics 4,96E-06 g
BOD (aq) -2,2E-06 g
DOC (aq) 1,72E-15 g
NO3-N (aq) 1,69E-09 g
NH4-N (aq) 8,83E-07 g
Nitrogen (aq) 1,05E-07 g
H+ (aq) 6,61E-06 g
Aromates (C9-C10)
(aq)

4,78E-08 g

Fuel, unspecified [MJ]
(r)

2,17E-09 g

CaCO3 (r) 8,88E-07 g
Al (r) 5,06E-07 g
Fe (r) 5,27E-07 g
Mn (r) 3,10E-09 g
B 2,5E-06 g
U 3,93E-10 g
Tl 7,06E-11 g
Th 4,09E-10 g
COS 0,000124 g
CF4 1,12E-05 g
C2F6 1,24E-06 g
Propane -1,4E-05 g
Alkanes 1,68E-05 g
Alkenes -5,3E-06 g
Toluene -2E-06 g
Formaldehyde 2,83E-05 g
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Pentane -1,3E-05 g
Butane -7,5E-06 g
Acetaldehyde 2,28E-10 g
Ca 6,03E-06 g
Na 5,13E-05 g
Hard coal, feedstock
(r)

0,328 g

Ethane -1,9E-05 g
Ethene -3,9E-05 g
Acetylene -6,6E-06 g
Propene -7,4E-06 g
Tot-P (aq) 2,79E-07 g
TOC (aq) 8,19E-08 g
Tot-CN (aq) 1,87E-07 g
Electricity 0,02 MJ
Diesel 0,337 MJ
Natural gas, feedstock 0,283 MJ
Steam -1,6E-05 MJ
Gasoline 8,57E-07 MJ
Electricity, European
average

0,00184 MJ

Natural gas (<100
kW)

0,00103 MJ

Oil, heavy fuel 0,0968 MJ
Oil, heavy fuel,
feedstock

0,362 MJ

Diesel, ship (4-stroke) -0,00039 MJ
Hard coal 0,0259 MJ
Hard coal, feedstock 0,00576 MJ
Electricity, hydro
power [MJel]

0,00325 MJ

Electricity, nuclear
power [MJel]

0,0069 MJ

Fuel oil, ship (2-
stroke)

0,00063 MJ

Diesel, heavy &
medium truck (rural)

0,0781 MJ

Oil, light fuel 0,000263 MJ
LPG, thermal 2,04E-05 MJ
Diesel, light truck
(urban)

0,000417 MJ

Peat (r) -8,54E-08 g
Rn-222 [Bq] 1060 g
Phenol 0,00161 g
Copper ore [0.35 %
Cu] (r)

2,112 g

Zn (r) 0,00604 g
Copper ore (0.7% Cu) 0,029 g

(r)
Lead ore (1% Pb) (r) 0,000321 g
H2SO4 (in) 0,00214 g
Lime (in) 0,00129 g
Oxygen (in) 0,015 g
NH4+ 2,57E-07 g
Xylene -1,2E-06 g
Be 1,97E-09 g
Natural gas (>100
kW)

0,105 MJ

Wind power [MJel] (r) 8,49E-05 g
Electricity, Swedish
average

0,0854 MJ

Diesel, train 0,000148 MJ
Other organics (air) 3,84E-05 g
Sn (r) 0,00666 g
Lödtenn/lodpasta (in) 8,31E-06 g
Cu (out) 7,45E-05 g
Cu (r) 0,000136 g
Ag (r) 5,19E-07 g
Au (r) -1,6E-05 g
Guld (in) 3,76E-05 g
Silver (in) 3,76E-05 g
Wood chips 0,0039 MJ
Biomass (in) -1,992 g
Peat (in) -0,609 g
Other heat [MJheat]
(in)

-0,0441 g

District heat, Swedish
average

-0,152 MJ

Fe2+ (aq) 2,46E-12 g
Pb (r) 0,0221 g
THC 8,98E-06 g
Paper (in) 0,00298 g
PBDE (in) 0,000696 g
CuZn34Pb8Sn6 (in) 0,000574 g
Tot-CN -9,13E-08 g
Nitrates (aq) 0,000393 g
Uranium [as pure U]
(r)

-1,2E-07 g

CF4 + C2F6 -6,4E-06 g
Organic C (aq) -3,2E-08 g
Diesel (r) -8,5E-05 g
Cybernite (r) 0,00263 g
Aluminium scrap (in) 0,0184 g
Cl- 3,66E-08 g
Gas 1,72E-06 MJ
Cl2 2,29E-06 g
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Chlorinated organics 0,000824 g
Chlorinated organics
(aq)

1,14E-05 g

Organics (air) 0,000163 g
Detergent/oil (aq) 3,7E-07 g
H2 6,59E-07 g
Other organics 7,22E-07 g
Sulphur (aq) 2,63E-07 g
Electricity, no EF 0,0254 MJ
Renewable fuel 0,000459 g
Hydrocarbons, CH 0,00161 g
Ar (r) 0,00157 g
BaSO4 (r) 3,66E-05 g
Dichloro Silane (DCS)
(r)

1,02E-05 g

CH3CCl2F 3,77E-05 g
Ferric Chloride
(FeCl3) (r)

0,000524 g

CaF2 ore (r) 0,000524 g
HBr (r) 2,84E-05 g
Lignite (r) 0,00316 g
N2O (r) 8,97E-05 g
SiO2 ore (r) 0,00343 g
FeS2 ore (r) 0,000824 g
AOX 2,82E-09 g
Acetic acid (aq) 1,21E-11 g
Alcohols (aq) 8,55E-10 g
N (aq) 0,000157 g
Ba (aq) 6,68E-07 g
Barytes (aq) 9,27E-07 g
K+ (aq) 5,24E-07 g
Na (aq) 0,00127 g
Trichloro Silane
(TCS) (r)

3,65E-06 g

Alcohols 5,24E-07 g
Cl2 (aq) 1,86E-09 g
Ethylene 5,61E-08 g
HALON-1301 1,34E-09 g
Silicates 1,89E-07 g
Kalin ore (r) 0,00111 g
U (r) 3,14E-06 g
Acetic acid 1,46E-13 g
NO2 0,00011 g
P2O5 1,93E-10 g
Na2SO4 5,24E-09 g
B (aq) 1,36E-07 g
P (aq) 0,000898 g
P2O5 (aq) 9,49E-08 g

Other nitrogen (aq) 3,54E-09 g
Zinc oxide in ore (r) 1,32E-08 g
Ammonia (out) 7,76E-10 g
Hydrocarbons 1,97E-06 g
Organo-Cl 1,29E-07 g
Aromatic-HC's 3,5E-08 g
CFC/HCFC 7,86E-10 g
Acid as H+ (aq) 1,54E-08 g
Hydrocarbons (aq) 1,97E-08 g
Ca2+ (aq) 1,85E-07 g
Fe2+/Fe3+ (aq) 3,3E-08 g
Mg 2+ (aq) 1,17E-09 g
CO32- (aq) 1,02E-05 g
Organo-Cl (aq) 7,86E-10 g
Air (r) 0,000318 g
Calcium sulphate (r) 5,50E-09 g
Iron (r) 3,7E-07 g
Nitrogen (r) 0,000102 g
Oxygen (r) 1,02E-05 g
KCl (r) 2,36E-09 g
Shale (r) 1,54E-08 g
S, bonded (r) 9,05E-07 g
S, elemental (r) 1,8E-06 g
Coal, metallurgical (r) 1,34E-07 g
S (r) 8,46E-07 g
S, feedstock (r) 8,46E-07 g
H2 (r) [MJ] 2,27E-07 g
Recovered energy (r)
[MJ]

7,35E-07 g

Unspecified (r) [MJ] 1,17E-08 g
Waste, hazardous -0,0719 g
Waste, highly
radioactive

0,00332 g

Solid waste 0,000946 g
Industrial waste 0,0267 g
Mineral waste 0,219 g
Special waste 0,000012 g
Ashes 0,0943 g
Waste, high. radioact.
[cm3]

7,45E-09 g

Waste, med. radioact.
[cm3]

1,03E-07 g

Waste, low radioact.
[cm3]

1,02E-07 g

Waste, red mud 0,0172 g
Dust 0,000271 g
Waste, refractory 0,000171 g
Waste, carbon 0,000114 g
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Waste, inert residues 0,0017 g
Waste, sludge 0,00556 g
Waste, LD-sludge 0,00657 g
Waste, LD-dust 0,000145 g
Waste, mineral 9,26E-05 g
Waste, LD-slag 0,0083 g
Waste, scrap 0,00456 g
Waste, dross fines 3,15E-05 g
Waste, slags & ashes
(waste incin.)

2,04E-09 g

Waste, mineral ores 0,0946 g
Hazardous waste 2,41E-05 g
Waste, slags & ashes
(energy prod.)

0,00536 g

Waste, copper ore 0,671 g
Waste, steel 0,294 g
Waste, Al 0,016 g
Waste, Cu 0,00534 g
Waste, fillingmtrl 629,643 g
Waste, slag 0,0318 g
Waste, misc. metal 0,0107 g
Waste, bricks 0,000478 g
Waste, salt mine 0,000303 g
Waste, carbon black 8,83E-06 g
Lime sludge 0,000116 g
Waste, salt 0,00405 g
Waste, Au 0,000016 g
Waste, inert chemical 3,42E-07 g
Waste, plastics 7,86E-10 g
Waste, to incineration 1,77E-07 g
Waste, regulated
chemical

3,93E-06 g

Waste, unspecified 8,26E-09 g
Waste, construction 4,33E-09 g
Waste, metals 7,47E-09 g
Waste, solvents 1,70E-11 g
Waste, cutting fluid 7,22E-09 g
Waste, granite 0,377 g
Waste, rocks 4,408 g
Waste, non-magnetic 0,00489 g
Waste, industry 0,000104 g
Waste, radioactive 3,73E-05 g
Waste, bulky -0,0823 g
Waste, rubber 1,61E-07 g
Waste, chemical 1,05E-06 g
Waste, slags & ashes 0,000154 g
Waste, ashes -0,0268 g
Mixed industrial waste 6,14E-05 g

Al (aq) 0,000102 g
As (aq) 8,93E-07 g
Cd (aq) 3,62E-07 g
Cr (aq) 2,21E-06 g
Cu (aq) 0,000899 g
Ni (aq) 2,32E-06 g
Oil (aq) 0,00631 g
Pb (aq) 2,98E-06 g
Sb (aq) 2,46E-09 g
Sn (aq) 0,00016 g
V (aq) 5,75E-07 g
Zn (aq) 2,81E-06 g
F- (aq) 9,04E-05 g
Radioactive emissions
[kBq] (aq)

-457,63 g

Metals (aq) 0,00306 g
Ionics (aq) 0,000012 g
Tot-F (aq) 1,49E-08 g
PAH (aq) 5,61E-07 g
H2SO4 (aq) 0,000012 g
Chloride (aq) 4,31E-05 g
Mn (aq) 1,15E-06 g
Suspended solids (aq) 0,00167 g
PO43- (aq) 1,09E-05 g
Cr3+ (aq) 2,89E-06 g
Dissolved solids (aq) -4,6E-05 g
Fe (aq) 0,000122 g
Sr (aq) -4,7E-07 g
Salt (aq) 0,000253 g
Hg (aq) 7,56E-09 g
Waste, sand 5,763 g
Waste, dust 0,00505 g
Waste, inert chemicals 3,38E-06 g
Waste, plastic 4,101 g
Waste, oxide scale 0,00326 g
Waste, regulated
chemicals

5,65E-09 g

Dissolved organics
(aq)

2,13E-07 g

Other organics (aq) 1,42E-08 g
Ca (aq) 1,27E-05 g
Inorganic Dissolved
Matter (aq)

0,000113 g

Water, chemically
polluted (aq)

0,932 g

Mg (aq) 2,36E-06 g
Toluene (aq) 3,48E-08 g
Benzene (aq) 5,61E-09 g
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Waste, iron 0,0465 g
Waste, Zink 0,00534 g
Fillingmtrl 427,574 g
Dioxin 2,38E-11 g
Radioactive emissions
[kBq]

-48700 g

As 7,79E-06 g
Cd 0,0109 g
Cr 1,6E-06 g
Hg 0,000322 g
Ni 5,11E-05 g
Pb 8,44E-05 g
Wood (r) 0,00289 g
Cu 5,01E-06 g
Se 4,36E-07 g
Zn 7,05E-05 g
Clay (r) 0,000169 g
Limestone (r) 0,0694 g
Mineral Ores (r) 3,72E-05 g
NaCl (r) 0,85 g
Water (r) 8190 g
Hydrogen 2,01E-05 g
Metals 1,35E-05 g
Suspended solids 0,00443 g
Dissolved solids 0,00519 g
Dissolved organics 0,00139 g
Fungicides 6,29E-08 g
Toxic chemicals 0,000307 g
Non toxic chemicals 0,0478 g
Caliche (r) 0,00693 g
Dolomite (r) 0,00879 g
Feldspar (r) 0,000939 g
Salt (r) 0,000873 g
Softwood (r) 0,000152 g
Biomass (r) 0,21 g
Sand (r) 0,0993 g
Carbon reused as fuel
(out)

0,000249 g

Skimmings and dross
for recycling (out)

0,00018 g

Steel scrap (out) 9,15E-05 g
Phenol (aq) 2,1E-06 g
Betonite (r) 0,00246 g
Sea water (r) 0,000787 g
Fe 6,15E-05 g
Mn 1,41E-07 g
V 0,000175 g
Ground water (r) 1,19E-08 g

Surface water (r) 2,41E-10 g
Sb -5,6E-07 g
Mo 1,12E-06 g
Heavy metals 6,01E-21 g
Sr 2,57E-08 g
Natural gravel (r) 0,00892 g
Waste, demolition
(inactive)

0,000893 g

Sn 7,20E-09 g
Waste, other 1,324 g
Mineralull (in) 0,00107 g
Non-toxic chemicals 0,000279 g
Bentonite (r) 0,000114 g
Rocksalt (r) 0,000124 g
Subsoil water (r) 0,00543 g
Seawater (r) 0,0119 g
Minerals, explosives
(in)

0,000103 g

Processgases (in) 0,00391 g
Processchemicals (in) 0,000408 g
Minerals (ground) 1,33E-06 g
Chemicals (ground) 6,29E-08 g
Metals (ground) 1,42E-05 g
Sludge 1,78E-05 g
Waste, packagings 0,000151 g
Land use II-IV [m2y] 1,99E-10 g
Land use II-III [m2y] 6,57E-10 g
Waste, high.
radioactive

7,28E-07 g

Waste, Övrigt 1,634 g
Waste 0,000732 g
Inert chemicals 0,0161 g
Waste, Ag 1,6E-06 g
Miljöfarliga utsl. (air) 0,000029 g
Miljöfarliga utsl. (aq) 1,27E-07 g
Radioactivity
(different nuclides)
[Bq]

-0,00032 g

Regulated chemicals 0,00138 g
Dioxine 3,41E-14 g
Rock (r) 763,592 g
Gravel, nature (r) 292,051 g
Gravel (r) 1,17E-09 g
Grease (r) 5,23E-09 g
Forested area
[m2*year] (r)

0,00152 g

Waste, industrial 0,18 g
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Water, public supply
(r)

0,00326 g

Water, river/canal (r) 0,0138 g
Water, sea (r) 0,0252 g
Water, unspecified (r) 0,00747 g
Water, well (r) 0,000177 g
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Appendix IV Characterisation graphs case by case

Explanation of the graphs

The graphs presented over the following pages are all based on the data and results from the
characterisation. They are presented first case by case, going through the six different cases
from MLEmin to Optimax. Each case has five graphs, one for each effect category (the sixth
category, ozone depletion potential, is excluded from the individual cases, but is presented in
a graph in appendix V).

Each bar in the graphs represents a particular phase or operation in the life cycle of the
system. In general, the life cycle is divided into five distinct phases: manufacture, production,
operation, transports, and waste management. These are explained below:

1. Manufacture – this phase represents the “cradle” and the beginning of the system life
cycle. Herein lie the extraction of materials, the manufacture of different sub-systems, and
general manufacture of the complete system with associated infrastructure.

2. Production – the production should not be confused with the manufacturing process. In
this study, the production phase is entered when the ready-made systems are brought to
the site, and represents the actual work of putting the system in place (and removing it).
For example, when a mast or tower is raised by mobile crane, fibre optic cable is buried in
a ditch with excavator, a backhoe loader builds a road to a station site. The actual work of
removing, or dismantling, the system after its end-of-life is also included in the production
phase.

3. Operation – this phase is the longest for all of the systems involved. It represents the use
of the different systems. Power consumption is hereby made visible.

4. Transports – not a phase in itself, it does however represent the transport work required
during the entire life cycle.

5. Waste management – this is the “grave” in the life cycle, where material is deposited or
reused/recycled for new material or energy (heat).

Abbreviations:
Man.  – manufacture
Prod.  – production
Trans.  – transmission
Waste man.  – waste management
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Graph 4.1.  Contribution to global warming during the system life cycle.

Graph 4.2.  Depletion of non-renewable resources during the system life cycle.
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Graph 4.3.  Acidification during the system life cycle.

Graph 4.4.  Eutrofication during the system life cycle.
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Graph 4.5.  Creation of photo oxidants during the system life cycle.

Photo oxidant creation potential - MLEmin

-1

-0,5

0

0,5

1

1,5

2

2,5

3

g Ethene eq

MLEmin 0,738655 0,6397464 0,7515053 0,2446912 0,3107078 0,5231787 0,959964 0,1638134 0,0001506 0,040491 2,5184507 -0,6117009

Man., 
mast/tower

Man., 
Ödåkra 
station

Man., 
station 

equipment

Man., 
waveguide

Man., radio 
link

Prod., 
mast/tower

Prod., 
station site

Operation, 
station

Operation, 
waveguide

Operation, 
radio link

Transports
Waste, 
man.



Telia                                                                      Life cycle assessment of radio relay systems

109

Graph 4.6.  Contribution to global warming during the system life cycle.

Graph 4.7.  Depletion of non-renewable resources during the system life cycle.
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Graph 4.8.  Acidification during the system life cycle.

Graph 4.9.  Eutrofication during the system life cycle.
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Graph 4.10.  Creation of photo oxidants during the system life cycle.

Explanation of the MLEmin and MLEmax graphs

Brief description of the different bars in the graphs are given below:

• Man., mast/tower – represents the manufacture of the ALTA tower and the 76/1000 mast,
and the cement and concrete for the foundation.

• Man., Ödåkra station – represents the manufacture of the Ödåkra station building.
• Man., station equipment – represents the manufacture of the station building fan, batteries

and cabinets, and the back-up power supply system.
• Man., waveguide – represents the manufacture of the waveguide, and the dehydrator.
• Man., radio link – represents the manufacture of the radio link system, and antennas.
• Prod., mast/tower – represents the excavation for the foundation, and the use of a mobile

crane to assemble the mast/tower at the site. Includes the restoration of the ground when
the mast/tower is dismantled.

• Prod., station site – represents the construction of a gravel road to the site, the station
building foundation, and the restoration of the site after its end-of-life.

• Operation, station – represents the power consumption of the fan, charging of batteries
and obstruction lights.

• Operation, waveguide – represents the use of a dehydrator.
• Operation, radio link – represents the power consumption or the radio links.
• Transports – represents the transports during the life cycle.
• Waste, man. – the waste management that takes place when the different parts are taken

care of for reuse/recycling or are deposited.
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Graph 4.11.  Contribution to global warming during the system life cycle.

Graph 4.12.  Depletion of non-renewable resources during the system life cycle.
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Graph 4.13.  Acidification during the system life cycle.

Graph 4.14.  Eutrofication during the system life cycle.
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Graph 4.15.  Creation of photo oxidants during the system life cycle.
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Graph 4.16.  Contribution to global warming during the system life cycle.

Graph 4.17.  Depletion of non-renewable resources during the system life cycle.
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Graph 4.18.  Acidification during the system life cycle.

Graph 4.19.  Eutrofication during the system life cycle.
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Graph 4.20.  Creation of photo oxidants during the system life cycle.

Explanation of the NL290min and NL290max graphs

Brief description of the different bars in the graphs are given below:

• Man., mast/tower – represents the manufacture of the 76/1000 mast, and the cement and
concrete for the foundation, and guy foundations.

• Man., Ödåkra station – represents the manufacture of the Ödåkra station building.
• Man., station equipment – represents the manufacture of the station building fan, batteries

and cabinets, and the back-up power supply system.
• Man., transm. – represents the manufacture of the ADM1 transmission equipment.
• Man., radio link – represents the manufacture of the radio link system, and antennas. In

this case this also includes the waveguide and dehydrator.
• Prod., mast/tower – represents the excavation for the foundation, and the use of a mobile

crane to assemble the mast/tower at the site. Includes the restoration of the ground when
the mast/tower is dismantled.

• Prod., station site – represents the construction of a gravel road to the site, the station
building foundation, and the restoration of the site after its end-of-life.

• Operation, station – represents the power consumption of the fan, charging of batteries
and obstruction lights.

• Operation, transm. – represents the power consumption of the ADM1 transmission
equipment.

• Operation, radio link – represents the power consumption of the radio links, and the
dehydrators.

• Transports – represents the transports during the life cycle.
• Waste, man. – the waste management that takes place when the different parts are taken

care of for reuse/recycling or are deposited.
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Graph 4.21.  Contribution to global warming during the system life cycle.

Graph 4.22.  Depletion of non-renewable resources during the system life cycle.
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Graph 4.23.  Acidification during the system life cycle.

Graph 4.24.  Eutrofication during the system life cycle.
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Graph 4.25.  Creation of photo oxidants during the system life cycle.
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Graph 4.26.  Contribution to global warming during the system life cycle.

Graph 4.27.  Depletion of non-renewable resources during the system life cycle.
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Graph 4.28.  Acidification during the system life cycle.

Graph 4.29.  Eutrofication during the system life cycle.
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Graph 4.30.  Creation of photo oxidants during the system life cycle.

Explanation of the Optimin and Optimax graphs

Brief description of the different bars in the graphs are given below:

• Man., Ödåkra station – represents the manufacture of the Ödåkra station building.
• Man., station equipment – represents the manufacture of the station building fan, batteries

and cabinets, and the back-up power supply system.
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Appendix V Impact category characterisation graphs

Graph 5.1.  Contribution to global warming for different transmission media.

Graph 5.2.  Contribution to global warming for different transmission media (same as graph 5.1, but with the
scale adjusted for improved legibility).
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Graph 5.3.  Contribution to global warming during operation for different transmission media.

Graph 5.4.  Contribution to global warming during operation for different transmission media (same as graph
5.3, but with the scale adjusted for improved legibility).
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Graph 5.5.  Depletion of non-renewable resources for different transmission media.

Graph 5.6.  Depletion of non-renewable resources for different transmission media (same as graph 5.5, but with
the scale adjusted for improved legibility).
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Graph 5.7.  Acidification for different transmission media.

Graph 5.8.  Acidification for different transmission media (same as graph 5.7, but with the scale adjusted for
improved legibility).
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Graph 5.9.  Eutrofication for different transmission media.

Graph 5.10.  Eutrofication for different transmission media (same as graph 5.9, but with the scale adjusted for
improved legibility).
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Graph 5.11.  Creation of photo oxidants for different transmission media.

Graph 5.12.  Creation of photo oxidants for different transmission media (same as graph 5.11, but with the scale
adjusted for improved legibility).
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Graph 5.13.  Ozone depletion for different transmission media.
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Appendix VI Case descriptions

Description of cases used in the study

Over the following pages, descriptions of the six different cases used in the study are
presented. The choice to use individual cases with no actual counterparts in reality, was made
when it became apparent that the task involved in finding data on the different radio link sites
and stations was too time consuming. Instead, through interviews and with the help of
documents, the cases were built up as examples of where and how a system such as the
Ericsson Mini-link E and Nera NL290 could be used. This means that a lot of approximations
had to be made, but as no site is identical to another, this was deemed to be the only way
forward, and the risks acceptable.

Case 1 MLEmin– Ericsson Mini-link E

Background

This case represents the worst case in
which the Mini-link E is used, and the
name MLEmin points to that the radio
link is used at a minimum of its capacity.
As a worst case scenario, it also has a
high allocation of infrastructure and
network elements to add to the
environmental load. The planned
lifespan is 3 years on site for the radio
link system.

Description of the case MLEmin

Two Mini-link E radio links (15GHz) are used to connect one concentrator station to the
network and switch located elsewhere. The distance between the stations is 15 km, and the
capacity of the link is 4x2 Mbps. One station (1a) was purpose-built for this link, while the
other may well be an existing mobile station or concentrator station (1b). Both are allocated to
the radio link used in the case.



Telia                                                                      Life cycle assessment of radio relay systems

132

Station One (1a) consists of:
• One Mini-link E consisting of MMU, AMM-4U, SAU, RAU, and 0.6m antenna. The

antenna is mounted at the top of the tower, and use waveguides to connect it to the indoor
RAU.

• One air dryer GD31.
• 32 m E150 waveguide with terminations.
• One Alta tower, 30 m (sections 15-19), with concrete earth foundation.
• Two RL30 low intensity obstruction lights.
• One Ödåkra 2 technical building.
• One type 4 gravel road, 30 m.
• One ETSI-rack for the radio link.
• One cooling unit (Telia fan).
• One power supply system (Powec PPS 6).
• One back-up battery pack, 8 hr (24/BKCA 722 0065/1D, 65 Ah VR).

Station Two (1b) consists of:
• One Mini-link E consisting of MMU, AMM-1U, SAU, RAU, and 0.6m antenna. The

antenna is mounted at the top of the tower, with the RAU attached to it.
• One 76/1000 guyed mast, 59.4 m (11 sections), with concrete earth foundation. Guyed at

21.6, 37.8, 54 m with ø13.1 mm guy rope attached to 175 kN earth guy foundations.
• Two RL30 low intensity obstruction lights.
• One Ödåkra 2 technical building.
• One type 4 gravel road, 200 m.
• One ETSI-rack for the radio link.
• One cooling unit (Telia fan).
• One power supply system (Powec PPS 6).
• One back-up battery pack, 8 hr (24/BKCA 722 0065/1D, 65 Ah VR).
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Case 2 MLEmax– Ericsson Mini-link E

Background

This case represents the best case in which the
Mini-link E is used, and the name MLEmax
points to that the radio link is used at a
maximum of its capacity. As a best case
scenario, it also has a lower allocation of
infrastructure and network elements to add to
the environmental load. The planned lifespan
is six years on site for the radio link system.

Description of the case MLEmin

Two Mini-link E radio links (7GHz) are used to connect one larger concentrator station to the
network and switch located elsewhere. The system used is 1+1. The distance between the
stations is 30 km, and the capacity of the link is 34 Mbps.

Station One (2a) consists of:
• One Mini-link E link consisting of two MMU, one SMU, one AMM-4U, two RAU, and

one 1.2m antenna. The antenna is mounted at the top of the tower, and use waveguides to
connect it to the indoor RAU’s.

• One air dryer GD31.
• 44 m E78 waveguide with terminations.
• One Alta tower, 42 m (sections 13-19), with concrete rock foundation.
• Two Obelux SSL-10 LED low intensity obstruction lights.
• One Ödåkra 2 technical building.
• One type 4 gravel road, 30 m.
• One ETSI-rack for the radio link.
• One cooling unit (Telia fan).
• One power supply system (Powec PPS 6).
• One back-up battery pack, 4 hr (24/BKCA 646 0105/5DE, 105 Ah FV).

Station Two (2b) consists of:
• One Mini-link E link consisting of two MMU, one SMU, one AMM-4U, two RAU, and

one 1.2m antenna. The antenna is mounted at a height of 18m in the tower, and use
waveguides to connect it to the indoor RAU’s.

• One air dryer GD31.
• 20 m E78 waveguide with terminations.
• One 76/1000 guyed mast, 59.4 m (11 sections), with concrete rock foundation. Guyed at

21.6, 37.8, 54 m with ø13.1 mm guy rope attached to 175 kN rock guy foundations.
• Two Obelux SSL-10 LED low intensity obstruction lights.
• One Ödåkra 2 technical building.
• One type 4 gravel road, 200 m.
• One ETSI-rack for the radio link.
• One cooling unit (Telia fan).
• One power supply system (Powec PPS 6).
• One back-up battery pack, 4 hr (24/BKCA 646 0105/5DE, 105 Ah FV).
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Case 3 Neramin– Nera NL290 SDH STM-1 link

Background

This case represents the worst case in which the Nera
NL290 is used, and the name Neramin points to that
the radio link is used at a minimum of its capacity.
As a worst case scenario, it also has a high allocation
of infrastructure and network elements to add to the
environmental load. The planned lifespan is 10 years
on site for the radio link system.

Description of the case Neramin

Two Nera NL290 SDH links (6.2
GHz) are used in an STM-1-ring.
The hop is over a distance of 30
km, and the capacity of the link

is 155 Mbps (STM-1). The system used is 1+1. One site (3a) was purpose-built for this link,
while the link is located at a permanent infrastructure (3b). The planned lifespan of the system
is ten years.

Station One (3a) consists of:
• One Nera NL290 link consisting of two indoor radio units, one service rack, and one 2 m

antenna. The antenna is mounted at the top of the tower, and use waveguides to connect it
to the indoor radio units.

• One air dryer GD101.
• 78 m E60 waveguide with terminations.
• One 76/1000 guyed mast, 75.6 m (14 sections), with concrete earth foundation. Guyed at

21.6, 37.8, 54, and 70.2 m with ø13.1 mm guy rope attached to inner and outer 250 kN
earth guy foundations.

• Four RL30 low intensity obstruction lights.
• One Ödåkra 2 technical building.
• One type 4 gravel road, 200 m.
• One ADM-1 Msh11c transmission element.
• One ETSI-rack for the ADM transmission element.
• One cooling unit (Telia fan).
• One back-up battery pack, 8 hr (24/BKCA 722 0145/1D, 145 Ah VR).

Station Two (3b) consists of:
• One Nera NL290 link consisting of two indoor radio units, one service rack, and one 2m

antenna. The antenna is mounted outside on the permanent infrastructure, and use
waveguides to connect it to the indoor radio units

• One air dryer GD101
• 20 m E60 waveguide with terminations.
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Case 4 Neramax– Nera NL290 SDH STM-1 link

Background

This case represents the best case in which the
Nera NL290 is used, and the name Neramax
points to that the radio link is used at a maximum
of its capacity. As a best case scenario, it also has
a low allocation of infrastructure and network
elements to add to the environmental load. The
planned lifespan is 10 years on site for the radio
link system.

Description of the case Neramax

Two Nera NL290 SDH links (6.2
GHz) are used in an STM-1-ring.
The hop is over a distance of 50

km, and the capacity of the link is 2x155 Mbps (STM-1). The system used is 2+1 with space
diversity. One site (4a) is at an existing Ödåkra station with mast, while the other link is
located at a permanent infrastructure (4b). The planned lifespan of the system is ten years.

Station One (4a) consists of:
• One Nera NL290 link consisting of three indoor radio units, one service rack, and two 2 m

antennas used with space diversity. The antennas are mounted at the top of the tower, and
use waveguides to connect them to the indoor radio units.

• One air dryer GD101.
• 140 m E60 waveguide with terminations.
• One 76/1000 guyed mast, 75.6 m (14 sections), with concrete rock foundation. Guyed at

21.6, 37.8, 54, and 70.2 m with ø13.1 mm guy rope attached to inner and outer 250 kN
rock guy foundations.

• Four Obelux SSL-10 LED low intensity obstruction lights.
• One Ödåkra 2 technical building.
• One type 4 gravel road, 200 m.
• Two ADM-1 Msh11c transmission elements.
• One ETSI-rack for the ADM transmission elements.
• One cooling unit (Telia fan).
• One back-up battery pack, 8 hr (2×24/BKCA 646 0155/5DE, 155 Ah FV).

Station Two (S8) consists of:
• One Nera NL290 link consisting of three indoor radio units, one service rack, and two 2m

antennas used with space diversity. The antennas are mounted outside on the permanent
infrastructure, and use waveguides to connect them to the indoor radio units.

• One air dryer GD101.
• 40 m E60 waveguide with terminations.
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Case 5 Optimin– optical fibre cable STM-1

Background

This case represents the worst case in which a ground-laid optical fibre cable is used, and the
name Optimin points to that the optical fibre cable is used at a minimum of its capacity. As a
worst case scenario, it also has a high allocation of infrastructure and network elements to add
to the environmental load.

Description of the case Optimin

One optical fibre cable is used in an STM-1-ring. The cable was laid into the ground, and
stretches over 30 km between two stations. The capacity of the cable is high, but it is only
used for 155 Mbps (STM-1). One station (5) was purpose-built for this cable, while the other
station in use is of little interest as it is used in a ring. The planned lifetime of the cable is 30
years.

Station One (5) consists of:
• One Ödåkra 2 technical building
• One type 4 gravel road, 30 m.
• Two ETSI-racks. One for the ODF, and the other for the ADM transmission element.
• One cooling unit (Telia fan).
• One back-up battery pack, 8 hr (24/BKCA 722 0145/1D, 145 Ah VR).
• One ADM-1 Msh11c transmission element.
• One ODF unit

There is no second station that can be allocated to the cable. Instead there is a fibre optic cable
(24-pair) laid in the ground, 30 km long.

Ploughing Burial in earth Burial in rock
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Case 6 Optimax– optical fibre cable STM-16

Background

This case represents the best case in which a ground-laid optical fibre cable is used, and the
name Optimax points to that the optical fibre cable is used at a maximum of its capacity. As a
best case scenario, it also has a low allocation of infrastructure and network elements to add to
the environmental load.

Description of the case Optimax

One optical fibre cable is used in an STM-16-ring. The cable was laid into the ground, and
stretches over 50 km between two stations. The capacity of the cable is high, but it is only
used for 2.5 Gbps (STM-16). The cable runs via an existing station (6), while the other station
in use is of little interest as it is used in a ring. The planned lifetime of the cable is 30 years.

Station One (S10) consists of:
• One Ödåkra 2 technical building.
• One type 4 gravel road, 30 m.
• Two ETSI-racks. One for the ODF, and the other for the ADM transmission element.
• One cooling unit (Telia fan).
• One back-up battery pack, 8 hr (24/BKCA 646 0155/5DE, 155 Ah FV).
• One ADM-16 Msh51c transmission element.
• One ODF unit.

There is no second station that can be allocated to the cable. Instead, there is a fibre optic
cable (24-pair) laid in the ground, 50 km long.

Ploughing Burial in earth Burial in rock



Telia                                                                      Life cycle assessment of radio relay systems

138

Appendix VII Radio link system overview

The picture above depicts a typical radio link system, where the radio unit (14) is placed
inside the station building. The radio microwaves are transported through a waveguide (3, 5)
to and from the parabolic antenna (1). The waveguide is connected to a dehydrator (16) that
provides pressure and dry air. As radio waves degenerate in moist air, the quality of the
installation and the integrity of the waveguide are important. Instead of placing the radio unit
inside the station building, it is common to place it in connection with the antenna up in the
mast or tower. The radio unit is then connected to the access unit (15) using a coaxial cable.

Dokumentet beskriver en standardlösning
av antenn- och vågledarsystemet.
Lokala förutsättningar påverkar val av
komponenter och byggnadssätt.

Frekvens: 15GHz
Vågledarfläns på antenn: PBR140
Vågledarfläns på radiolänk: UBR140
Kabelanslutning på radioenhet: N-hona
Kabelanslutning på accessenhet: TNC-hona

Radio-
enhet

Accessenhet

Radio link system

1. Parabolic antenna
2. Screw kit
3. Flexible waveguide
4. Connector/termination
5. Elliptical waveguide
6. Waveguide clamp
7. Earthing device
8. Waveguide window
9. Packing
10. Screw kit
11. Connector/termination
12. Screw kit
13. Flexible waveguide
14. Radio unit
15. Access unit
16. Dehydrator

4

5

6
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Appendix VIII Energy

Swedish electricity

Emissions, parameters, and notes that are the basis for the calculations of Swedish average
electricity are accounted for in the table and text below.

Name Value Unit
Particulates 2,70E-03 g
CO2 11,9 g
CO 3,31E-03 g
NOx 1,88E-02 g
SO2 1,24E-02 g
Tot-N (aq) 1,39E-04 g
Waste, other 14,2 g
Hydro power [MJel]
(r)

0,47 g

Uranium (as pure U)
(r)

3,57E-03 g

Crude oil (r) 9,46 g
Natural gas (r) 0,209 g
Hard coal (r) 2,32 g
Biomass (r) 2,42 g
Iron ore (r) 9,50E-03 g
Copper ore (0.7% Cu)
(r)

0,275 g

Lead ore (1% Pb) (r) 3,42E-03 g
VOC 3,73E-03 g
PAH 9,30E-11 g
CH4 1,71E-02 g
N2O 1,90E-05 g
NH3 1,55E-07 g
Rn-222 [Bq] 1,33E+04 g
COD (aq) 3,41E-07 g
Dissolved solids (aq) 1,36E-03 g
NH3 (aq) 6,51E-08 g
Oil (aq) 3,26E-06 g
Waste, highly
radioactive

5,87E-03 g

Waste, demolition
(inactive)

8,99E-03 g

Wind power [MJel] (r) 1,00E-03 g

Brown coal (r) 1,85E-02 g
Bentonite (r) 1,33E-03 g
H2SO4 (in) 2,15E-02 g
Lime (in) 1,29E-02 g
Oxygen (in) 0,15 g
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Production of electricity corresponding to an average of the Swedish electricity production in
1995. The distribution between the different energy sources used for the average electricity
production in Sweden 1995 was according to reference 1:

- Hydro power (67019 GWh): 46.76 %.
- Nuclear power (66 697 GWh): 46.54 %.
- Combined power/heat, coal (2200 GWh): 1.54 %.
- Back-pressure power, renewable fuels (2200 GWh): 1.54 %.
- Back-pressure power, fossil fuels (2000 GWh): 1.40 %.
- Combined power/heat, oil (1400 GWh): 0.98 %.
- Combined power/heat, natural gas (700 GWh): 0.49 %.
- Oil condense power (410 GWh): 0.29 %.
- Combined power/heat, renewable fuels (190 GWh): 0.13 %.
- Gas-turbines (170 GWh): 0.12 %.
- Wind power (101 GWh): 0.07 %.
- Combined power/heat, waste (100 GWh): 0.07 %.
- Combined power/heat, peat (95 GWh): 0.07 %.
- Diesel power generation (32 GWh): 0.02 %.

The difference between condense power plants and combined power/heating plants is that the
thermal energy is utilised in the combined power/heating plant, while it is lost with the
cooling water in the condense power plant. This means that the energy content in the fuel is
better utilised in a combined power/heating plant than in a condense power plant. However,
the electric efficiency (i.e. the share of the fuel’s energy content that is converted into
electricity) is about the same for the condense power plant as for the combined power/heating
plant. Back-pressure power plants is another type of combined power/heating plants.

Data:
The environmental profile for the average electricity production has been calculated based on
data for each energy source.
- There were no data available for combined power/heating plants (coal and oil), why these
have been approximated with coal condense and oil condense power.
- For the same reason, back-pressure electricity generation from renewable fuels has been
approximated with electricity generation in a renewable fuel-fired combined power/heating
plant and back-pressure electricity generation from fossil fuels has been approximated with
electricity generation in an oil condense power plant.
- There were no data available for diesel power generation or for electricity generated in peat-
and waste combined power/heating plants. Since these energy sources only contribute to
0.16% of the total electricity production, they have been excluded.

This means that the distribution between the different energy sources is (the figures have been
rounded):
- Hydro power: 46.8 %. (Data are based on reference 2, table 10).
- Nuclear power: 46.55 %. (Data are based on reference 2, table 14).
- Oil condense power: 2.70 % (1.40 + 0.98 + 0.29). (Data are based on reference 2, table 19).
- Combined power/heat, renewable fuels: 1.70 % (1.54 + 0.13). (Data are based on reference
2, table 36).
- Coal condense power: 1.55 %.
- Combined power/heat, natural gas: 0.50 %. (Data are based on reference 2, table 27).
- Gas-turbines: 0.10 %. (Data are based on reference 2, table 23).
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- Wind power: 0.10 %. (Data are based on reference 2, table 30).

Data for all of the above mentioned power sources are based on reference 2, except the data
for coal condense power (since such data was missing). The data for coal condense power are
based on the energy carrier "Electricity, coal" in the energy database (CIT 2). This energy
carrier includes 9 % grid losses, but the calculation is based on 0 % grid losses.

The data from reference 2 include fuel production, power plant construction, electricity
production, tearing of power plant and treatment of used fuel . In this energy carrier, we have
chosen only to include fuel production, electricity production and treatment of used fuel. The
authors of reference 2 recommend not to include the construction and tearing of the power
plants. This is motivated by the fact that the analysed product or system often does not require
any extension of the electricity production.

The data in reference 2 are all given per kWh produced electricity, but have been converted to
be per MJ produced electricity. The energy consumption, resources etc. have been converted
from kWh according to the following:

- Hydro power: kWh has been converted to MJ produced electricity.
- Nuclear power: kWh has been converted to g pure uranium. The conversion factor is
0.02728 g pure U/kWh (2).
- Oil: kWh has been converted to g crude oil by using the heat value 42.7 MJ/kg oil (3).
- Natural gas: kWh has been converted to g natural gas by using the heat value 51.9 MJ/kg
natural gas (3).
- Coal: kWh has been converted to g coal by using the heat value 27.2 MJ/kg coal (3).
- Renewable fuels: kWh has been converted to g renewable fuel (biomass) by using the heat
value 19.2 MJ/kg dry matter (3).

The amount of copper and lead in the ores were provided by reference 1.

The emission factors are presented per MJ produced electricity. No grid losses are taken into
account. In reference 2 it is recommended to use about 10 % grid losses for large industries
and about 5 % for an average household.

References:
(1) Caroline Setterwall, Vattenfall Energisystem AB, personal communication, 1997.
(2) Brännström-Norberg B-M, Dethlefsen U, Johansson R, Setterwall C, Tunbrant S, Life-
Cycle Assessment for Vattenfall’s Electricity Generation, Summary Report, 1996.
(3) Energifakta, AB Svensk Energiförsörjning, Stockholm, Sweden, 1994.
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European electricity

Emissions, parameters, and notes that are the basis for the calculations of Swedish average
electricity are accounted for in the table and text below.

Name Value Unit
Particulates 7,22E-02 g
CO2 132 g
CO 0,105 g
NOx 0,373 g
SO2 1,05 g
Tot-N (aq) 7,32E-04 g
Uranium (as pure U)
(r)

3,27E-03 g

Crude oil (r) 8,03 g
Natural gas (r) 5,61 g
Hard coal (r) 44,7 g
Biomass (r) 7,54E-03 g
VOC 3,90E-03 g
PAH 1,70E-09 g
CH4 0,378 g
N2O 4,91E-03 g
NH3 5,77E-06 g
COD (aq) 6,86E-06 g
Dissolved solids (aq) 2,69E-02 g
Oil (aq) 6,78E-03 g
Brown coal (r) 35,8 g
VOC, natural gas
combustion

2,64E-12 g

VOC, coal combustion 3,39E-05 g
VOC, diesel engines 9,37E-04 g
NMVOC, power
plants

1,15E-03 g

NMVOC, natural gas
combustion

4,32E-04 g

NMVOC, oil
combustion

5,85E-02 g

NMVOC, diesel
engines

2,06E-03 g

NMVOC, petrol
engines

2,53E-13 g

Benzene 1,94E-04 g
NMVOC 2,83E-03 g
Benzo(a)pyrene 8,19E-09 g

Aromates (C9-C10) 2,27E-05 g
Dioxin 3,45E-11 g
Aldehydes 8,48E-07 g
HCl 7,16E-03 g
H2S 1,45E-06 g
HF 1,22E-04 g
Organics 1,70E-06 g
Radioactive emissions
[kBq]

284 g

As 4,67E-06 g
Cd 2,39E-06 g
Cr 8,48E-09 g
Cr3+ 8,00E-06 g
Cu 2,08E-05 g
Hg 7,53E-06 g
Mn 1,39E-05 g
Ni 1,14E-04 g
Pb 1,73E-05 g
Se 2,08E-05 g
V 3,55E-04 g
Zn 3,69E-05 g
Heavy metals 3,30E-18 g
Metals 6,86E-07 g
CN- 1,95E-06 g
BOD (aq) 3,43E-06 g
DOC (aq) 1,77E-13 g
Suspended solids (aq) 4,42E-04 g
NO3-N (aq) 2,08E-07 g
NH4-N (aq) 3,91E-04 g
Nitrogen (aq) 1,53E-05 g
PO43- (aq) 1,97E-05 g
H+ (aq) 2,06E-05 g
HC (aq) 2,49E-05 g
Phenol (aq) 4,43E-15 g
Aromates (C9-C10)
(aq)

7,09E-06 g

Organics (aq) 5,05E-03 g



Telia                                                                      Life cycle assessment of radio relay systems

143

Radioactive emissions
[kBq] (aq)

7,87E-02 g

Al (aq) 2,69E-05 g
As (aq) 8,13E-07 g
Cd (aq) 3,94E-07 g
Cr3+ (aq) 5,89E-06 g
Fe (aq) 5,59E-02 g
Mn (aq) 2,69E-05 g
Ni (aq) 5,12E-06 g
Pb (aq) 2,96E-06 g
Sr (aq) 1,34E-04 g
Zn (aq) 1,24E-04 g
Metals (aq) 3,43E-06 g
F- (aq) 1,62E-04 g
Cl- (aq) 0,611 g
SO42- (aq) 0,373 g
Salt (aq) 0,125 g
Waste, industrial 15,2 g
Waste, mineral 1,40E-03 g
Waste, slags & ashes 7,61E-02 g
Waste, slags & ashes
(waste incin.)

2,10E-07 g

Waste, slags & ashes
(energy prod.)

3,25 g

Waste, bulky 14,1 g
Waste, sludge 3,66E-03 g
Waste, rubber 1,64E-05 g
Waste, chemical 1,08E-04 g
Waste, hazardous 2,69 g
Waste, radioactive 9,67E-03 g
Crude oil, feedstock
(r)

4,57E-06 g

Softwood (r) 2,25E-02 g
Fuel, unspecified [MJ]
(r)

5,40E-07 g

Hydro power-water (r) 1,84E+04 g
NaCl (r) 9,61E-05 g
Clay (r) 2,06E-05 g
CaCO3 (r) 9,62E-05 g
Al (r) 5,49E-05 g
Fe (r) 5,70E-05 g
Mn (r) 3,19E-07 g
Water (r) 4,37E+06 g

Ground water (r) 1,22E-06 g
Surface water (r) 2,49E-08 g
Co 3,39E-06 g
Sr 1,41E-05 g
Tot-P 9,11E-06 g
B 1,37E-03 g
U 2,15E-07 g
Tl 3,86E-08 g
Th 2,24E-07 g
Sn 3,13E-07 g
Sb 1,74E-06 g
Mo 1,90E-06 g
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Production of electricity corresponding to an average of the EU baseload electricity
production in 1994. The distribution between different fuels for average European electricity
production is based on the following references: Eurostat 1997 b & c and checked against
Eurostat Energy Balance Sheets (Eurostat 1997a) and with Energy Statistics of OECD
Countries, 1994-95 (OECD 1997). Minor differences has been observed.

Most emissions are based on CORINAIR (1996). For particulate emissions the Eurostat
(1997c) data are used. Using Eurostat (1997 b & c) data as a basis, other emissions as well as
pre-combustion emissions have been calculated from Frischknecht et al. (1996).

Allocation between electricity and heat may be performed on the basis of the relative
economic value of these two products. As we did not have any generally applicable economic
data, we have used the exergy in the output as an approximation for the economic value. For
further details we refer to Frees et. al 1998, section 3.5.

The emission factors are presented per MJ electricity and include 9 % grid losses.

References:
- Frees Niels et al, Life cycle assessment on packaging systems for beer and soft drinks,
Technical Report 7: Energy and transport scenarios, Stiftelsen Chalmers Industriteknik,
Göteborg, Sweden and Institute for Product Development, Lyngby, Denmark, 1998.
- Eurostat. (1997b). Energy Yearly Statistics 1995. Luxembourg: Statistical Office of the
European Communities.
- Eurostat. (1997c). Environment Statistics 1996. Luxembourg: Statistical Office of the
European Communities.
- OECD. (1997). Energy statistics of OECD countries 1994-95. Paris: OECD.
- CORINAIR (1996). The EMEP/CORINAIR Atmospheric Emission Inventory Guidebook
(CORINAIR 90). København: European Environment Agency.
- Frishknecht R (ed.). (1996). Ökoinventare für Energiesysteme. Zürich: Bundesamt für
Energiewirtschaft.

Hydro power electricity

Emissions, parameters, and notes that are the basis for the calculations of Swedish average
electricity are accounted for in the table and text below.

Name Value Unit
Particulates 8,20E-06 g
CO2 1,88E-02 g
CO 5,00E-04 g
NOx 7,30E-05 g
SO2 3,00E-05 g
Tot-N (aq) 8,90E-08 g
Uranium (as pure U)
(r)

3,10E-08 g

Crude oil (r) 1,60E-03 g

Natural gas (r) 5,30E-05 g
Hard coal (r) 3,70E-03 g
Biomass (r) 2,60E-05 g
NMVOC 6,90E-05 g
Waste, other 24,8 g
Hydro power [MJel]
(r)

1 g

Iron ore (r) 8,20E-03 g
Copper ore (0.7% Cu)
(r)

1,73E-02 g

Lead ore (1% Pb) (r) 5,50E-03 g



Telia                                                                      Life cycle assessment of radio relay systems

145

Production of electricity in hydro power plants. Data are based on reference 1.

The data in reference 1 are all given per kWh produced electricity, but have been converted to
be per MJ produced electricity in this energy carrier. The data from reference 2 include fuel
production, power plant construction, electricity production, tearing of power plant and
treatment of used fuel . In this energy carrier, we have chosen only to include fuel production,
electricity production and treatment of used fuel. The authors of reference 2 recommend not
to include the construction and tearing of the power plants. This is motivated by the fact that
the analysed product or system often does not require any extension of the electricity
production.

The data in reference 2 are all given per kWh produced electricity, but have been converted to
be per MJ produced electricity. The energy consumption, resources etc. have been converted
from kWh according to the following:

- Hydro power: kWh has been converted to MJ produced electricity.
- Nuclear power: kWh has been converted to g pure uranium. The conversion factor is
0.02728 g pure U/kWh (1).
- Oil: kWh has been converted to g crude oil by using the heat value 42.7 MJ/kg oil (2).
- Natural gas: kWh has been converted to g natural gas by using the heat value 51.9 MJ/kg
natural gas (2).
- Coal: kWh has been converted to g coal by using the heat value 27.2 MJ/kg coal (2).
- Renewable fuels: kWh has been converted to g renewable fuel (biomass) by using the heat
value 19.2 MJ/kg dry matter (2).

The amounts of copper and lead in the ores were provided by reference 3.

The emission factors are presented per MJ produced electricity. No grid losses are taken into
account. In reference 1 it is recommended to use about 10 % grid losses for large industries
and about 5 % for an average household.

References:
(1) Brännström-Norberg B-M, Dethlefsen U, Johansson R, Setterwall C, Tunbrant S, Life-
Cycle Assessment for Vattenfall’s Electricity Generation, Summary Report, 1996, table 10.
(2) Energifakta, AB Svensk Energiförsörjning, Stockholm, Sweden, 1994.
(3) Caroline Setterwall, Vattenfall Energisystem AB, personal communication, 1997.
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Appendix IX Lifespan of systems used in the study

Station/site equipment:

Cooling fans 15 years
PPS6 power supply system 25 years
Batteries, VR  5 years
Batteries, FV 12 years
Ödåkra 2 station building 30 years
Gravel roads, type 4 30 years

Transmission equipment

STM1-terminal (ADM) 10 years
STM16-terminal (ADM) 10 years
ODF unit 16 years
ETSI rack 10 years
Coaxial cables  8 years

Radio relay systems

Ericsson Mini-link E 10 years
Nera NL290 10 years
GD31 dehydrator, case MLEmin  3 years
GD31 dehydrator, case MLEmax  6 years
GD101 dehydrator, NL290 cases 10 years
E150 waveguide/terminations, case MLEmin  3 years
E78 waveguide/terminations, case MLEmax  6 years
E60 waveguide/terminations, NL290 cases 10 years

Masts and towers

76/1000 mast 50 years
ALTA tower 50 years

Optical fibre cables

GASLDV optical fibre cable 30 years
HDPE-pipe for optical cable 30 years




