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PREFACE

Our modern society is dependent upon electricity. In a self-evident yet anonymous way,
electricity is always available.

Vattenfall wants to have an open dialogue regarding the environmental characteristics of
its electricity, as well as the environmental management of the corporation. Therefore, we
have assessed the generation and transmission/distribution of electricity from a life-cycle
perspective. With our life-cycle assessments, we are able to support our clients and other
interested parties with transparent and correct information about the environmental
performance of our electricity.

Life-cycle assessments (LCA) have been performed on all of the electricity-generating
technologies presently used by Vattenfall Generation Nordic Countries, and also on the
transfer of the electricity to the user. We have also studied systems which we do not own
ourselves, but which generate electricity that we buy and resell. The assessments also
include technologies which may be of interest in the future. We have made a thorough
assessment of the Swedish business, using, as far as possible, the actual plants as a base.
We have also assessed the potential environmental impacts associated with possible
accidents and with operational problems and breakdowns.

The LCAs give detailed information on resource use, emissions and waste generation repre-
sentative of the various technologies used for generating electricity. This makes it possible
to compare the environmental performances of different technologies. Vattenfall does not
make value statements on what is positive or negative for our customers. The customers,
based on our life-cycle assessments, perform their own valuation of the product.

The work that has gone into these life-cycle assessments results in improved information to
our customers. The work has also been useful in our own environmental management. The
LCAs clarify where improvements make the biggest difference in our production process.

The life-cycle assessments have been the basis for the environmental product declarations
(EPD) which Vattenfall have developed for electricity generated in our hydro, nuclear and
wind power plants. The EPD is a certified declaration which has been reviewed by a third
party in accordance with requlations determined by the Swedish Environmental Manage-
ment Council. It lists, among other things, emissions to air, soil and water.

We are happy that we at Vattenfall have been able to contribute to the development and
improvement of environmental information on electricity, and hope that this will be useful
to our customers.

January 1, 2005

Hans von Uthmann Alf Lindfors Goran Lundgren
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Electricity-generation systems

The installations which generate the
electricity have different characteristics
and affect the environment in different
ways. The electricity has to be generat-
ed at the same time it is being used,
since it cannot be stored. For this
reason, generation units always have
to be on line, which puts certain
demands on the generation system.
The preconditions for electricity
generation differ from country to
country, and the generation systems
have to be adapted to local conditions.

Delivery capacity

Since the demand for electricity varies
between summer and winter, and also
between different times of the day and
night, there is a need for generation
with different characteristics. There is
aneed for plants delivering base power
at all times, and other plants whose
generation can be adjusted to respond
to changes in demand, so called regula-
tion or peak power. Apart from these,
there is also a need for peak-power
plants which can be utilised during
extreme demand situations such as
cold winter days, or if a disturbance
occurs in distribution or generation
installations. The system can be
complemented with temporary
power plants which can only generate
during special conditions, e.g. wind
power.

Different characteristics

All generation of fuel-based electricity
can, in some ways, be controlled. A
boiler can be fired by bio-fuel or fossil
fuels, yielding steam for the steam
turbine. One can also light a gas
burner for the gas turbine or start
nuclear fission which heats water for
steam for the steam turbine. But, there
are differences here too. The nuclear
reactor starts and changes slowly,
which is why nuclear power is best
suited as base power. It runs at an even

level most of the time. Bio-fuels are
often used in combined heat and
power plants (CHP), where heat and
electricity are generated at the same
time. CHP plants are planned such
that one only generates electricity
when there is a need for heat. District
heating is delivered to residences and
other buildings, primarily during the
colder part of the year, while hot water
and steam are needed all year in some
industries.

Gas turbines, which are cheap to
build, are used as back-up power for
when the demand is at its highest, or
whenever a base-power plant has a
sudden stoppage. They can be started
and stopped quickly, but can be expen-
sive to run, since gas and oil are com-
paratively expensive fuels.

Hydropower can serve as both base
and peak power, provided there are
storage reservoirs in the river catch-
ment. One advantage with hydropo-
wer is that its generation is instantly
adjustable. A drawback is that the
difference in water availability can be
considerable from year to year.

There are also generation technolo-
gies dependent on constantly changing
natural conditions. The energy of the
wind and from the sun can be con-
verted to electricity at suitable wind
speeds and solar irradiation. Both of
these technologies work well if they
are part of a system with fast regulation
capacity, e.g. hydropower.

Emissions to air and water
Emissions of various substances to air
and water occur during construction,
operation and decommissioning of the
plants, and also during production of
fuels. Emissions commonly discussed
in conjunction with electricity genera-
tion are nitrogen, sulphur and carbon
oxides. Nitrogen and sulphur oxides
can normally be kept at low levels
through the use of clean fuels or

cleaning technologies. This does not,
however, take care of all emissions. To
separate and deal with carbon dioxide
is still not commercially viable, but
research is on-going. Emissions to
water can consist of e.g. oils or acidi-
fying substances. The emissions can
be removed, but traces will always
remain.

Waste products

Combustion generates waste products,
ashes, which need to be dealt with in
various ways. Ash from bio-fuel can be
returned to nature and be useful in
forestry operations. Some ash from
coal, and gypsum from the cleaning

of flue gases can be used in the con-
struction of roads and buildings. Some
fractions have to be deposited in a safe
manner.

Radio-active waste is dealt with in
different ways, depending on the
degree of radioactivity. The long-term
storage of high-active waste requires
the highest levels of security. Such
waste will be stored deep down in the
rock, and the layers are sealed in such a
way that it is extremely difficult to get
to 1t.

Resource use

Drilling for oil or extracting ore are
both associated with environmental
impacts. Availability and demand
vary between substances. This poses
limitations on some energy-conversion
technologies, such as solar cells. On
the other hand, some substances can
be recycled, and much of the gold
and copper that has been extracted is
still available in the technosphere.
Recycling is, thus, of importance for
the ecoprofile.

Land Use

Different energy systems affect the
local environment in different ways.
Hydropower causes minor emissions
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Landscape impacts,
biodiversity for biofuels

to air and has a fantastic ability to de-
liver power through its instantaneous
capacity regulation, but its reservoirs
inundate vast areas. The power plants
hinder up-stream fish migration in the
rivers. Stretches of river dry up when
the water is channelled through tun-
nels to the turbines. The construction
of a wind power plant means that no
houses can be built within a certain
distance, while the land can still be
used for e.g. grazing and crop husban-

Biofuels may consist of branches
and tree tops made into chips, which

Noise, aesthetic impacts

Bad® batk-up
and peaking

Acidification, climate change,
mines, oil drilling, transports

are gathered in connection with the
cutting of timber and pulp wood. The
forested areas are affected since the
nutrients in these branches and tree
tops are lost which, in the long run,
negatively affects the flora. If biofuels
are grown for their own sake, land use
is changed from agriculture to energy
forest. Mines for the extraction of
uranium, coal and metals also cause
damage to the land.

Risks
Apart from creating long-lived radio-
active waste, nuclear power is also

Long-lived radioactive waste, mines, risks

V /Y,

associated with risks, defined as the
product of the probability and con-
sequences of an accident. Even if the
probability is very small, many people
find it difficult to accept the consequ-
ences that might result. Other energy
conversion chains also have risks, e.g.
tanker accidents with damaged coasts,
chip fires with emissions to air from
incomplete combustion, and dam
brakes which cause flooding.
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Life-cycle assessment

Because of the complexity of electrici-
ty generation, and the differences
between the various technologies, it is
impossible to give an unambiguous
answer to the question of which source
of power is best from an environmen-
tal point of view. All technologies
affect the environment in one way or
another. We humans, as individuals,
have different opinions on what is
good and bad in this case.

The main environmental impact
does not always occur during opera-
tion of the power plant. For certain
technologies, the construction phase is
decisive, while, for others, fuel produc-
tion is the dominant source of impact.
Because of this, we have chosen to
describe the environmental impacts of
our generation technologies from a
life-cycle perspective, including con-
struction and decommissioning, fuel
production, operation and waste

management. The ambition is to give
correct information in accordance with
generally accepted methods.

The life-cycle assessment work
yields clear transparent information to
customers and other interested parties.
However, the work is also useful to us
in our environmental management
work. The life-cycle assessments show
where, in the generation process, im-
provements have the greatest potential.

What is a life-cycle assessment?

A life-cycle assessment yields extensive
information on resource use and envi-
ronmental impacts. They are gaining
in importance for decisions regarding
our environment. A life-cycle assess-
ment should include all activities from
manufacturing to scrapping. But, it
cannot, and does not, have to describe
all environmental impacts in detail. It
does not consider economic or social

Example: A complete life-cycle assessment for a power transmission pole
made of wood with a steel girder contains several parts. This illustration
shows two of the parts, the wood pole and the steel girder. In order to arrive
at a complete LCA, one also needs calculations regarding e.g. insulators and

earth works.

Cutting of timber

Impregnation

Wood pole

aspects, nor does it contain risk assess-
ments for environmental accidents or
an assessment of biodiversity impacts.
A life-cycle assessment only presents
potential environmental impacts, and
makes no difference regarding where
in the world an emission occurs.

In conclusion, a life-cycle assess-
ments studies a clearly defined system
of resource use and emissions from the
cradle to the grave.

The system is defined in accordance
with the goals and purpose of the stu-
dy. The international standards ISO
14040-42 give guidelines for life-cycle

assessment work.

Inventory

The picture gives a schematic illustra-
tion of two flows in the life cycle of a
transmission pole, a wood pole with a
steel girder. In order to get a complete
life-cycle assessment, one also needs

Extraction
of iron ore

Steel plant

Casting/rolling

Mechanical
shaping

Steel girder



How environmental impact is assessed

Inventory Classification
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Global-warming impact
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Acidification
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Some emissions are included in several classifications since they affect the environment in several

ways.

calculations regarding e.g. insulators,
earth works and so on. At every step,
resources consisting of e.g. electricity,
fuels and chemicals are spent, and
different types of emissions occur. In
the inventory stage of the life-cycle
assessment, all relevant flows are iden-
tified, along with their respective
resource use and emissions. All these
factors are summed up, and one ends
up with the total emissions, of e.g.
carbon dioxide, for a transmission pole
during its entire life cycle.

Emissions

Different emissions affect the environ-
ment in a variety of ways. Carbon
dioxide and methane contribute in
different ways to the green-house
effect, while nitrous oxides contribute
to both eutrophication and acidifica-
tion. In order to identify the total con-
tribution to a certain environmental

impact, the various emissions are
added together with the aid of gene-
rally accepted weighting factors. Some
emissions contribute to several envi-
ronmental impacts, and are then
counted in all of these.

The last step of the life-cycle assess-
ment is the valuation, where the
various environmental impacts are
weighted together into one value.
There are several methods, all of which
are based on valuations of the relative
contribution of the different environ-
mental impacts.

In this report, we have chosen to
present the results from the inventory
step only. Hence, the results are not
weighted, nor valuated.

Certified environmental

product declaration

Life-cycle assessments are the bases
of the environmental product declara-

tions (EPD) that Vattenfall have deve-
loped for electricity generated in the
Lule and Ume rivers, the Forsmark
and Ringhals nuclear power plants and
all of our Swedish wind power. We
have also produced an environmental
product declaration for heat generation
from the waste incineration plant in
Uppsala, block 5.

Apart from a life-cycle assessment,
an environmental product declaration
for electricity and heat generation also
requires a description of risks, impacts
on biodiversity and information on
radiology. It is developed in accordance
with product-specific requirements for
electricity and heat, and established in
a collaborative effort among interested
parties at the European level.

In Sweden, the system for certified
environmental product declarations is
administered by the Swedish Environ-
mental Management Council, owned
jointly by the state and industry. It is an
international system for the handling
of information on the environmental
performance of products and services.
The aim is for the information to be
quality assured, addable and compara-
ble. The information is reviewed by an
accredited independent party before
certification.

EPD:s follow the principles for so
called Type III declarations, and are
an application of the international
standard ISO 14025.

The information should be useable
when e.g. purchasing raw materials, or
by private consumers when buying e.g.
durables.

Certified environmental product
declarations are published on the
Internet, which makes it possible to
spread the information around the
world. As the system has developed, it
has generated more and more interest
among industry and organisations, and
is now applied internationally.

An EPD does not contain any envi-
ronmental requirements, and there are
no criteria to fulfil. But, an ecoprofile
should be presented, including infor-
mation on e.g. resource use, emissions
and waste generation.
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Vattenfalls LCA-work

ECLIPSE’s data base. The data has
been modified somewhat in order
to fit Nordic conditions. Vattenfall
was an active partner in the ECLIP-
SE project.

Data for electricity transmission and
distribution is based on a joint
project with the National Swedish
Power Grid and Géteborg Energy.

In 1993, Vattenfall Nordic Countries
decided to carry out life-cycle assess-

ments of its electricity generation. The

aim was to improve the understanding
of the environmental impact of its bu-
siness. Since then, Vattenfall has wor-

ked continuously with life-cycle assess-
ments, partly as bases for certified en-
vironmental product declarations, and
partly in order to improve our own
knowledge and understanding, i.e. as a
reference for internal decision-making.
The comprehensive and diverse com-
petence available within Vattenfall has .
contributed to the success, as have con-
tacts with universities, colleges and
institutes, both in Sweden and else-

taken from the on-going assess-
ments carried out as bases for
Vattenfall’s EPDs.

The data for natural gas and com-
bined heat and power is based on
Vattenfall’s assessment from the .
mid-90’s, complemented with new
inventories of fuel production and
operation. These are updated so
that they conform to the new rules
for the allocation (distribution) of
environmental impacts between
heat and power.

Data for back-up power, such as oil
condensers and gas turbines, has
been taken from Vattenfall’s life-
cycle assessment from 1996. How-

Approaches
The results are given for the genera-
tion and delivery of 1 kWh of electri-
city.

Most studies are conducted in
accordance with the guidelines for
environmental product declarations in

where. ever, information on operation, fuel ~ which the data bases to be used for the
production, material production production of metals, chemicals etc.,
Purpose and transports has been updated. are detailed.

The assessments include construc-
tion, decommissioning, fuel produc-
tion, operations (including normal
disruptions), maintenance, reinvest-
ments, and the handling of fuel waste.
Resource use, emissions and waste in
the different phases have been inven-
toried, and the environmental impact
assessed for a number of environmen-
tal effects. A selection of parameters is
presented in this compilation. The
selection is motivated by the electricity
directive of the EU, and common
practice in the industry.

The input data is specific for each
installation, and the installations are
selected to be representative of
Vattenfall’s operations in the Nordic
region.

Data for coal power is based on a
life-cycle assessment conducted in
1998 by Vattenfall for modern
Danish coal power, modified with
more recent data from the Swiss
data base ecoinvent.

Data for other sources of power,
which Vattenfall Nordic Countries
does not have, like fuel cells and
solar photo-voltaic cells, has been
sourced from the EU project

The purpose of this report is to give an

idea of what a life-cycle assessment of
electricity generation entails, and also

to describe how the electricity-genera-

tion system is built up The aim is to do

this in a transparent manner and witha ¢
wide perspective.

Data sources

The data presented in this report co-

mes both from specific information

generated in the life-cycle assessment .

work within Vattenfall Nordic Coun-

tries, as well as from public data bases.

« The data for hydropower, nuclear
power and wind power has been

Our data sources

ECPLISE, Data base with LCI data for
new and future decentralised electricity
generation systems.

ecoinvent v1.1, Swiss national data base
for LCA

EPD for electricity from the Lule River,
2002

EPD for electricity from the UmeRiver,
2002

EPD for electricity from Vattenfall's wind
power plants, 2003

EPD for electricity from Forsmark Kraft-
grupp, 2004

EPD for electricity from Ringhals AB,
2004

Background data for Vattenfall's CSR
report for 2003

Life-cycle assessment for electricity dis-
tribution, Vattenfall internal report, 1997

Life-cycle assessment for coal, Vattenfall
internal report, 1998

Life-cycle assessment for Vattenfall's
electricity generation, 1996

Environmental report, Uppsala 2003,
Vattenfall Heat Uppsala

Monitoring of Vattenfall's back pressure
plant in Munksund, 2003



Many different competencies, from e.g. companies and universities, are
needed for the preparation of a life-cycle assessment.

We naturally find out what happens in the mines where uranium is
mined. The picture was taken during an environmental review in
= Namibia.

It is important for Vattenfall to, as far as possible, consult people
who are affected by our operations.




The reindeer husbandry has been affected
by the development of hydropower.
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OTHER POWER-GENERATION TECHNOLOGIES

Other power-generation

technologies

Wind power

Vattenfall owns and operates about 40
land-based wind-power plants, located
primarily on the Baltic island of Got-
land and in the region of Bohuslin
(west coast). We have selected 11 of
these whose wind exposure, manufac-
turer and sizes (between 0.2 and 1.5
MW ) are representative of our genera-
tion.

The primary environmental im-
pacts from wind-power generation
come in the construction phase.
During the operational phase, the
environment is affected by travel, oil
consumption and reinvestments. The
technical life span is set to 25 years.

The main environmental impact
over the life cycle is the aesthetic im-
pacts on the landscape. A certain
amount of noise might be created, but
is partly blocked out by natural wind
noise. There is a small risk of injuries
to birds.

The operational time during the
year is determined by how much and
how often the wind blows, which is of
great importance to the environmental
impacts from wind power in relation
to the number of kWh of electricity
which are generated. In order to gene-
rate as much electricity as in the natu-
ral gas-fuelled combined-cycle power
plant described on page 14, it takes
approximately 4 000 wind-power
plants with a 1 MW capacity each.

Wind-power plants cannot provide
the country with electricity by them-
selves, since they only generate when
the wind blows.

Combined heat and power (CHP)
In a combined heat and power plant,
both electricity and heat are generated.
The electric conversion efficiency is
lower than in an installation where the
excess heat is cooled off, but instead
the heat can be utilised for district or
industrial heat.

The fuels used are primarily bio
fuels, peat, coal and oil.

The life cycle is primarily based on
the CHP plant in Uppsala, which uses
several different fuels, and the one in

Munksund which primarily uses bio
fuel.

The life cycle includes fuel produc-
tion (refining and transport), combus-
tion, and ash disposal as well as con-
struction, reinvestment and decom-
missioning of the power plants.

Allocation of environmental im-
pacts between the two products, heat
and electricity, has been performed in
accordance with the rules for environ-
mental product declarations.

Bio fuel The bio fuel used by
Vattenfall consists mainly of chipped
forestry bi-products, like the tops of
trees, branches and bark, as well as
waste from saw mills and paper mills
in Sweden. In the assessment, we have
included gathering, chip production,
transport to the plant and a further
separation stage. The first phase yields
the highest impacts, followed by the
transport, which has been estimated at
an average of 34 km.

Peat The peat Vattenfall uses
primarily comes from bogs in the
Swedish region of Hirjedalen, and
Russia. Diesel-powered machines ex-
cavate the wet peat which is then dried
in electric dryers. The dried peatis
pressed into briquettes and transported
by truck, train and sometimes even
ship, to the power plant, where the
briquettes are ground up. Data for
Russian excavation and drying are
approximated with Swedish data, but
with Russian electricity.

Coal Vattenfall mainly purchases its
coal from Russian and Polish mines.
The coal is transported by train, ship
and truck to the power plant, where it
is ground up. The life cycle includes
mining in under-ground and open-cast
mines with electric and diesel-driven
machinery; conversion for the separa-
tion of sulphur and some other conta-
minations; as well as storage and trans-
port. The methane emissions which
occur as a part of the mining process
have been included. Some of this
methane has been used as fuel in
mining processes.

0il The oil fuel consists of a mixture
of light and heavy oils, and only consti-
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Other power-generation
technologies: 0.8 %

of Vattenfall Nordic's
electricity generation

tutes a very small share of all fuel used
in Vattenfall's CHP plants.

Oil condensers

In an oil-condensing power plant, only
electricity is generated. The heat is
cooled off. Today we use the Swedish
condensers only during short periods
of extremely high power demand.

The basis for the life-cycle assess-
ment is the plant at Stenungsund
on the west coast. The fuel is a low-
sulphur light oil.

The electric efficiency is 38% and
the technical life span is set to 60 years.
The rate of reinvestment is low, de-
pending on the low operating time.

The assessed life cycle includes
crude oil extraction, refining, trans-
ports and combustion in the power
plant. European average data has been
used for the fuel. Construction and
decommissioning of the plant are also
included.

The operational phase dominates
the environmental impact profile, pri-
marily through emissions to air. The
fuel production also causes emissions,
while construction contributes only a
minor share of the total.

Gas turbine

Gas turbines are used as a back-up
source of power which can be started
and deliver electricity at short notice.
The annual operating time within Vat-
tenfall Nordic Countries is very short.

Data has been taken mainly from
the gas-turbine power plant in Slite on
the Baltic island of Gotland. The fuel is
jet fuel with a low contamination con-
tent. The data is a European average
for kerosene.

The electric efficiency is 27% and
the technical life span is set to 60 years.

The study runs from the extraction
of crude oil and includes refining,
transportation and combustion in the
gas turbines.

The combustion of fuel accounts
for the largest emissions to air, follow-
ed by the production of the fuel. The
construction contributes only a minor
share of the total.





