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In this issue

“Nordel’s work to improve the functioning of the Nordic
electricity market deserves all possible support,”’ says Jukka
Ruusunen, who will start as the President and CEO of Fin-
grid at the beginning of 2007. More about the thoughts of
Jukka Ruusunen on pages 8 - 1 1.

Finland assumed chairmanship in Nordel at a challenging
phase in the development of the Nordic electricity market.
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Editorial

Timo Toivonen, Fingrid’s President and CEO (third from

the right), instructed Tarja Halonen, President of Finland,
and her husband at Fingrid’s stand at the Farmari exhibi-
tion in Hameenlinna in 2002.

Our stand always provides an opportunity to learn about things such as routes of transmission lines.
The photograph is from the Farmari exhibition in Tampere last summer.

This summer, Fingrid participated for the seventh time in the
annual Farmari agricultural exhibition in Finland, which not
only attracts people from the countryside but also an increas-
ing number of townspeople. This summer the exhibition was
arranged in Seindjoki in Central Finland, attracting a total au-
dience of 102,000.

At first, it may sound strange that the company responsible
for the nation-wide electricity transmission grid is involved in
an event such as Farmari. However, our experience shows that
our presence is well justified in an event where we can meet
thousands of representatives of our vital stakeholders: land-
owners and forest owners, members of various interest groups
and associations, opinion leaders, and ordinary citizens.

The 14,000 kilometres of transmission lines that Fingrid
administers run in all parts of Finland to ensure that electric-
ity is transmitted and that the lights are on in Finland. The
main grid is part of our national property, and our compa-
ny has a vital duty to keep it operational and in good con-
dition.

Fingrid does not own the land, forest, field, marsh and wa-
ter areas where the transmission lines run, but it has acquired
aright of use to them through expropriation. The actual own-
ers are thousands of private persons, corporations and asso-
ciations; the very ones whom we met at Farmari. We wish to

meet and listen to them, receive feedback, provide guidance
and advice wherever necessary, and offer our expertise espe-
cially in many issues relating to transmission lines, working
close to them, and our business in general.

The spectrum of these issues has turned out to be very
wide. Among the more exotic questions presented to us in-
clude an inquiry about the operating principle of an elec-
tric chair!

Fingrid’s vital duty is about caring - that is what we ul-
timately do. We forward energy, electricity, to wherever it is
needed at any given moment. Participating in the Farmari ex-
hibition represents caring of another kind - serving presence
wherever knowledge and interaction are needed.
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Goal in the management of
transmission line areas:

DISTURBANCE-
FREE ELECTRICITY
TRANSMISSION

Finland has an area of 39.1 million hectares, of which

30.4 million hectares is land. The remainder consists
of fresh water and sea water. Of the total land area,
25.7 million hectares is forest land.

The area cleared under transmission lines owned by
Fingrid totals 32,500 hectares. This corresponds to

As the transmission system operator, it is Fingrid’s duty
to keep the lights on in Finland. Being the owner of the
transmission lines, Fingrid is to maintain the lines so that
they are reliable and in good condition in accordance
with electricity safety regulations.

TEXT BY Pasi Turunen PHOTOGRAPHS BY Juhani Eskelinen and Kuvaporssi

ingrid does not own the land
areas under the transmission
lines nor the trees growing in
the transmission line area, but these
belong to the landowner. Fingrid has
expropriated a limited right of use to
the transmission line area. On this ba-
sis, the company has the right for ex-
ample to use the transmission line area,

clear the right of way, and manage
long trees in the border zone.

The expropriation also contains a
right to use roads and paths leading to
the transmission line area. Separate 10-
year service road agreements are signed
with landowners concerning the use of
private roads.

44,217 football fields.

Why clearing?

Regular management of trees growing
in the border zone of a transmission
line area ensures that trees cannot fall
on the lines, which would cause distur-
bances in electricity transmission.

The transmission lines are inspect-
ed for example in terms of vegetation
every 1 to 3 years, either by walking in
the area or from a helicopter. The costs
of managing the transmission line are-
as constitute a major part of Fingrid’s
maintenance costs, and these costs also
have a significant impact on the relia-
bility of electricity transmission.
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RIGHT OF WAY
TRANSMISSION LINE AREA

BORDER ZONE - BORDER ZONE

The width of the right of way for a 110 kV line is generally 26 - 30 metres.
The width of the right of way for a 220 kV line is generally 32 - 38 metres.
The width of the right of way for a 400 kV line is generally 36 - 42 metres.

The width of the border zone is almost always 10 metres.

In order to improve the reliability of
electricity transmission and transmis-
sion lines, the rights of way are cleared
in Southern Finland every 5 - 6 years
and in other parts of Finland every 5
- 8 years. The trees in the border zone
are felled at intervals of 14 - 25 years.
Overlong trees in the border zone are
felled, or the tops of such trees are cut
by 2 - 5 metres using helicopter saw-
ing.

In addition to fulfilling the electrical
safety criteria, regular clearing also cre-
ates good conditions for multipurpose
uses of the right of way. These areas
can be used for purposes such as grow-
ing of Christmas trees, as a game field,
for hunting, and for mushroom and
berry picking. In the winter, a cleared
right of way provides a good route for
skiing tracks and snowmobile routes.

Regular clearing of the right of way

resembles in some respects the tradi-
tional way in which meadows were
managed in the past. 1t benefits de-
generated plant and animal species.
However, all uses of rights of way re-
quire a permit both from the landown-
er and Fingrid.

Rights of way are often good grounds
for berry and mushroom picking.

Methods for management

The transmission line areas are cleared
mechanically. In practice, this means
manual clearing with a motorised
handheld clearing saw or clearing with
a special machine. Chemical prevention
of new growth has never been used in
Fingrid’s transmission line areas.

The management of vegetation must
be as environmentally acceptable as
possible. This is why the total impacts
of the methods employed are taken into
account when developing existing and

A cleared right of way provides areas
for example for snowmobile routes.




INFORMATION ON THE MANAGEMENT O
BORDER ZONE TREES IN TRANSMISSION LINE
AREAS is available in a brochure published recently by

Fingrid and at www.fingrid.fi (in Finnish and Swedish).
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new methods. As a concept, the envi-
ronment encompasses all living organ-
isms and plants as well as factors influ-
encing people, such as scenic and rec-
reational values. The vegetation is al-
ways managed by professionals.

B Manual clearing
Manual clearing of the transmission
line area is nowadays considered as
heavy work, which is why it is not very
attractive. However, it has been found
that manual clearing is best suited for
delicate areas such as rocky surfaces,
shores and close to trees with special
scenic value. Manual clearing is also
needed in conjunction with machine
clearing, because machines cannot go
for example close to tower structures.
Another advantage of manual clear-
ing is that it enables selective clearing
of the right of way. This aims to soften
the scenery and to leave food plants
favoured by game animals. Selective
clearing also leaves more versatile veg-
etation in the right of way, which is
more pleasing to the human eye.
Overall, manual clearing leaves
a nicer-looking scenery and damages
the ground surface less than machine
clearing.

M Machine clearing
Machine clearing has an established
position nowadays, and it is an effec-

i tive clearing method for example on

slopes beside roads. Machine clearing
of rights of way commenced in small
scale in Finland in the mid-1980s, but
its use has not expanded outside lo-
cal uses. In the future, machine clear-

i ing will likely also become more com-

mon in the management of transmis-
sion line areas because there will be
fewer contractors who carry out man-
ual clearing.

Machine clearing is clearly more ef-

: ficient than manual clearing when the :

work areas are large and uniform and
when the trees grow in thick groups
and have a large diameter. Machine
clearing can also be carried out at sev-

i eral levels. The end result depends on

the machine operator’s experience and
machinery used.

1t can be assumed that the working
methods of machine clearing will be
developed for example towards selec-

i tive clearing. In this way, the end result

can be a transmission line area with
scenic uniformity, achieved in an effi-
cient way.

B Management of border zone trees
The felling and management of trees
growing in the border zone are car-

i ried out as separate work. Only logging

professionals are used for this work be-
cause of safety reasons. The tops of
border zone trees can also be short-
ened by using a saw mounted on a hel-
icopter. The helicopter contractor must
possess an approval by aviation au-
thorities for the equipment and meth-
od used. Helicopter sawing is used if
only a small proportion of the border
zone trees are too long.

Timber owned by the landowner
is an issue which is closely related to
the management of border zone trees.
Since the border zone is a band-like
logging site containing a lot of trees
with a small diameter, the harvesting
costs are often high.

In many cases, the most sensible so-
lution is total management where all
trees are cut in the border zone, with
the exception of trees which are clear-
ly shorter than the limit height (see the
diagram of the transmission line area
on the previous page). In this case,
Fingrid aims to arrange joint harvesting
and sales of the border zone trees for
example with the local association of
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ble of high-quality work are primarily

Voltage level | Minimum distance Minimum distance of machine and load
of transmis- | of machine and load at the sides of conductors

sion line under conductors

110 kV 3 metres 5 metres

220 kV 4 metres 5 metres

400 kV 5 metres 5 metres

Safety distances from transmission lines

forest owners. Fingrid also participates
in the harvesting costs so that a buyer
can be found for timber lots which can
be harvested with reasonable costs and
that the landowner obtains a reasona-
ble price for standing timber.

1f most of the border zone trees are
overlong, it is often most sensible to
cut all trees which fulfil the dimen-
sions of industrial wood. The land-
owner’s approval is absolutely always
required for this.

Planning, execution
and informing of clearing

The planning of clearing is based on the
length of the clearing cycle. This cycle
is determined by the geographical loca-
tion, ground and structure of the line.
In other words, the length of the clear-
ing cycle is longer in Northern Finland
than in Southern Finland. The objec-
tive of this is that new growth cannot
grow too close to the line in any loca-
tion during the clearing cycle.

H" He,icopter sawing us'i V.5

used for the manag
ment of border zone
trees when only s
of the trees are over-
long.

A detailed plan, which is used as the

clearing instruction, is always drawn
up of the site cleared. The plan takes
into account potential clearing agree-
ment areas and scenic and other special
features, such as shores, yards and na-
ture preservation areas. The clearing of
these is planned separately after a vis-
it to the site. The goal is to manage as
many of these areas as possible during
a single clearing project, but separate
clearing is also possible.

Manual clearing is primarily car-
ried out during the growing season.
Machine clearing also begins dur-
ing the growing season but contin-
ues longer. Machine clearing must take
into account external factors restrict-

ing working, such as thaw and depth
of snow.

Clearing work is subjected to com-
petitive bidding, and contractors capa-

selected for the work.

In densely populated areas, the de-
tailed clearing plan is presented and re-
viewed together with the contact per-
son of the municipality in question.
Issues such as removal or chipping of
clearing waste are agreed in the review.
The clearing contracts are published on
Fingrid’s Internet pages at www.fin-
grid.fi.

In conjunction with the management
of border zone trees, the owners of the
relevant land areas are verified in the
property data system of the National
Survey of Finland. Landowners are al-
ways informed in writing of the man-
agement of border zone trees. The re-
gional environmental centre is always
contacted if clearing is carried out in
an area with special scenic value or in
an area preserved or protected by law,
and the clearing of the site is always
agreed separately with the environ-
mental centre.

In accordance with Fingrid’s princi-
ples for environmental management,
vegetation in the transmission line is
managed in a good manner in terms of
the environment and nature. This can
be achieved through thorough plan-
ning and fluent co-operation with the
parties concerned.

Transmission line areas are part of
forest nature in Finland, and ordinary
people also come across them when
moving in the forest. We can safely en-
joy the natural environment with pub-
lic rights when we are aware of the ex-
istence of transmission line areas and
know their impacts.




“My career in the energy in-
dustry is equally as long as
Fingrid’s history. It includes
significant reforms in this in-
dustry. There have not been
two identical years in terms of
the operating environment,”
Jukka Ruusunen says.
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With a fishing rod in hand and

THOUGHTS INTHE GRID

Fingrid’s future President and CEO Jukka Ruusunen spends his
holidays in his summer home fishing and chopping wood.‘“With
a fishing rod in hand, your thoughts become free. | think that this
summer my thoughts will revolve around the Finnish main grid,”’
he says when he is clearing his desk for the summer holiday at
Fortum’s head office in Espoo.

TEXT BY Maria Hallila PHOTOGRAPHS BY Jakke Nikkarinen and FuturelmageBank

ukka Ruusunen will become the
head of Fingrid on 1 January
2007, but he will start his employ-
ent with the company in October. Un-
til then, he will work as Vice President
for Development in Fortum’s Portfolio
Management and Trading unit which is
responsible for the optimisation of the
company’s Nordic power production,
sales of produced electricity to electrici-
ty exchange Nord Pool, and for electric-
ity derivatives and emissions trading.

The job description of Vice President
for Development also involves a lot of
supervision of interests. Much of this
work concerns presenting views related
to the development of the Nordic and
European electricity market.

Jukka Ruusunen has also had an oc-
casionally visible role in Finland as For-
tum’s spokesman when the media have
wanted to hear the company’s opin-
ion about topical issues concerning the
electricity market or emissions trading.

Expansion of electricity market
brings added security

Before his summer holiday, Jukka Ruu-
sunen has still a day’s trip to Brussels,
where the issue at hand is once again
European electricity market integration.

In the preparatory work for market inte-
gration, which has become increasingly i

important within the EU in recent years,
he has been involved in assessing things
and taking a stand on them from the
viewpoint of power producers. In recent
weeks, that point of view has started
to change. “1 notice that 1 am thinking
about things more and more often from
the perspective of the main grid, and the
role of the grid has become more clear-
ly visible in various contexts.”

What Jukka Ruusunen considers as i

important - from both perspectives - is
making sure that the Nordic views are
heard on the forums which develop the
European electricity market. “More and
more of the rules are decided in Brussels,

t

and the Nordic countries have much to
give to Europe, because we can show
what grid co-operation can be at its
best. We are forerunners in that think-
ing which is now pursued by the Com-
mission for the whole of Europe.”

Based on experiences gained from
Nordic co-operation, Jukka Ruusunen
is convinced that expanding and ad-
vancing the integration of the electrici-
ty market is the best way in which to se-
cure the availability of electricity and its
reasonable price level.

“For decades, Finns have benefit-
ed significantly and in many ways from
Nordic market co-operation. One re-
cent example of these benefits is that
thanks to imports of hydropower elec-
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tricity, emissions trading did not raise
the price of electricity last year as much
as would have been the case if we had
been alone.”

According to Jukka Ruusunen, much
has happened with regard to the EU’s
electricity market recently. Concrete ex-
amples of accelerated developments in-
clude new transmission connections
which are under construction, for exam-
ple a new cable connection constructed
between Norway and Holland.

“Increased electricity transmission op-
tions will help the Nordic market for ex-
ample in balancing electricity price vari-
ations caused by dry years. The more ex-

tensive our backing, the more secured i
we can feel,” is how Jukka Ruusunen i
summarises his view of the advantages !

of market integration.

Fingrid knows its role
and duties

Through his present job, Jukka Ruu-
sunen has learned to know his new em-
ployer’s business and also its way of op-
eration. His knowledge and experienc-
es of Fingrid have created an image of a
strong expert company which is among
the most progressive transmission sys-

tem operators in Europe.

“Over the past decade, 1 have had the
opportunity to follow Fingrid’s phases ;

quite closely, all the way from its estab-
lishment. This period also covers anoth-
er decisive turning point in terms of our
business in Finland: the Electricity Mar-
ket Act became effective and the elec-
tricity market was liberalised. There have
not been two identical years in terms of
the operating environment,” Jukka

Ruusunen describes the changes in the

energy industry.

In Fingrid’s way of operation, he ap- E

preciates the fact that the company has
defined its role and duties using grounds
which are essential and correct in view
of the market. “A transmission system
operator needs to be independent, im-
partial and efficient. It must create good
operating conditions for the commercial
players and work constantly to improve
these conditions further,” Jukka Ruu-
sunen describes the main points in Fin-
grid’s model of operations.

According to him, the reliability of the

Jukka Ruusunen’s present position

as Vice President, Development, has
many interfaces with Fingrid. “One of
the foremost combining factors is an
objective of expanding and advancing
the Nordic and European electricity
market co-operation,” he says.

transmission system operator is one of
the cornerstones of co-operation and
functioning of the electricity market.
He also considers it important that Fin-
grid has always been an active listener
and debater. “There is good dialogue in
Finland between the transmission sys-
tem operator and its customers. Fingrid
is genuinely interested in the customer’s
views and development suggestions.”

Showing direction is the fore-
most thing in leadership

Despite his accumulated knowledge and
experiences of Fingrid, Jukka Ruusunen

i says that he will start in the company
i with a humble mind. “ am aware that

1 now have an outsider’s view of many
things, and that view may change as 1
get to see the things from the inside.”

According to him, one of the biggest
future challenges is related to leadership
in an organisation which works under
the pressure of increasingly strict effi-
ciency requirements. “Constant devel-
opment of results and efficiency is the
means to success. It is the manage-
ment’s duty to make sure that the com-
pany focuses on the right things and
that work is organised so that such fo-
cus is enabled.”

Jukka Ruusunen describes himself as

: a coaching leader. “1 want to give people

responsibility and show the direction to-

i wards which we are heading. Instead, it

is not my style to specify each and every
detail,” he says.

According to him, showing direction
is the most important task of a leader.
“People must know where we are head-
ing. And when they know the direction,
1 want to trust my organisation. 1t is the

FINGRID 2/2006



people who ultimately take care of the
business.”

A good team spirit and working as a
team are important values for Jukka
Ruusunen, who has served as the coach
of a junior football team for ten years.

Jukka Ruusunen has a degree of Doc-
tor of Technology. Before his present
job, he worked for example as a profes-
sor and assistant professor at the Hel-
sinki University of Technology and Hel-
sinki School of Economics.

“I am interested in people, 1 consider
discussion as important, and 1 also like
to teach,” he says. These were obvious-
ly the main criteria when he was elected
teacher of the year at the Helsinki Uni-
versity of Technology in 1994.

“Logistics manager”’
in free time

Even though Jukka Ruusunen’s actual
work changes in the autumn, his oth-
er tasks remain unchanged. In his pri-
vate life, he characterises himself as the
logistics manager in his family. In prac-
tice, this means organising and attend-
ing to transport so that the four chil-
dren of the family get to their inter-
ests in the evenings: three of them to
football field and one to figure skating
training. “Family life is very educating,”
he says with a laughter.

Whatever free time he has beside
transport duties, Jukka Ruusunen likes
to spend in the natural environment,
jogging, reading, and fishing in the
summer.
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Pehr-Olof Lindh (on the right) showing Tuomo Kouti
(on the left) and Timo Kiiveri how to use a pair of compasses in navigation.

Seabed survey of the expansion
of Fenno-Skan link completed

CABLE ROUTE

PUT ON MAP

The project for expanding the Fenno-Skan cable link between
Sweden and Finland reached one of the most important initial
stages in the early summer, when the seabed survey of the cable
route was completed. The designers now have an exact map of the
seabed along the route of the cable. In conjunction with the survey,
samples were also taken along the route so that the composition

of the seabed can be analysed.

TEXT BY Leni Lustre-Pere PHOTOGRAPHS BY Tuomo Kouti

imo Kiiveri, Fingrid’s Project

Manager, characterises the

seabed survey as a very impor-
tant stage in the cable project. “The sur-
vey makes it possible to choose an as
even seabed for the route of the cable
as possible. And when we know the ex-
act length of the route, we can request
bids of the cable and its laying,” Timo
Kiiveri says.

Survey responded
to the main questions

The seabed can be viewed in great de-
tail, metre by metre, thanks to the sur-
vey and analyses.

“Various research methods can be
used for finding out what the route
contains: whether there are any wrecked
ships, how deep the route runs, and how
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Data provided by various measuring instruments were monitored constantly during the survey.

steep and high the irregularities at the

seabed are,” Timo Kiiveri says.

Samples taken in conjunction with
the survey will be analysed for the com-
position of the seabed, which has an im-
pact on issues such as the water permit
and dredging.

“The width of the surveyed area is 300
metres, and the optimum route is select-

ed for the cable over this area. The sur- i

vey also reveals all crossings such as oth-

er cables and pipes.”

The digital route mapped in the sur-
vey will also be used during the laying
of the cable.

Cable to be laid in 2010

The seabed survey for the expansion of

the Fenno-Skan cable started in May,

and the results started to be ready in
July. The survey was carried out by the
Swedish company Marin Matteknik Ab.

“The open sea was surveyed using the
56-metre m/v Franklin, which ran the
route several times and scanned the sea-
bed using various instruments. A small-
er vessel was used in shallow coastal wa-
ters,” Timo Kiiveri says.

The survey went smoothly and as

FINGRID 2/2006
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planned. “However, at the very begin-

ning we had a small accident when the
vessel touched bottom right after de-
parture in Swedish waters. Luckily, there
were no serious consequences.”

The concrete conclusion of the ex-
pansion project, the laying of the ca-
ble from Rihtniemi in Rauma, Finland,
to Dannebo in Sweden will take place
in the summer of 2010, but, according

Nils Ingvarsson, project manager of
Marin Mdtteknik, describing the progress
of the survey in the saloon of the m/v
Franklin. Persons from the left: Pehr-
Olof Lindh, Timo Kiiveri, Nils Ingvars-
son, Kari Suni, reporter of newspaper
Satakunnan Kansa, and Ulf Martinsson,
consultant of Vattenfall Power Consultant
hired by Fingrid.

A multi-beam echo sounder pro-
vides an exact map of the depths of
the seabed. With other information
obtained, this data can be used for
choosing an optimum route for the

cable.

A shipwreck at the seabed revealed by a side scan sonar.

to Timo Kiiveri, much will happen in the
project before that.

“The actual manufacture of the cable
will take about 18 months, because we
will need 200 kilometres of it.”

According to Timo Kiiveri, potential
cable manufacturers have already been
investigated, and their capacity situ-
ation has caused some concern to the
project team and also a potential sched-
ule risk. “Cable factories seem to have
a good market situation, because in
some of them, the capacity has been re-
served until the beginning of 2009. In
our project, the cable can only be laid in
the summer, so our schedule is fixed in
that respect and requires a timely deliv-
ery,” Timo Kiiveri says.

Joint project by
neighbouring countries

The expansion of the Fenno-Skan sea
cable link will be implemented jointly by
Fingrid and Svenska Kraftnit, the trans-
mission system operators in Finland and
Sweden, respectively. They will share the
ownership and capital expenditure costs
- some 230 million euros - of the 800
megawatt cable.

The expansion will add to the elec-
tricity transmission capacity between
Finland and Sweden by approx. 40 per
cent and connect the Nordic electricity
market even closer together.







ingrid has participated in
benchmarking studies which
examine the quality and effi-
ciency of grid maintenance at intervals
of two years since 1995. Measuring the
performance of grid operation also has
traditions of a decade at Fingrid, and
workplace atmosphere has been sur-
veyed annually. The company has also
taken part in some other individual
comparisons.
In benchmarking which examines
Fingrid’s overall operations, efficien-
cy is composed of the efficiencies of

various functions.

Fingrid
in the top league internationally

Fingrid has participated in benchmark-
ing with transmission system operators
operating in various parts of the world.
The number of participants has ranged

between 10 and 25.

The more participants, the more ex-
tensive the comparison material used in
benchmarking, but on the other hand
it is more laborious to match the initial
data because the participants are high-

i ly different. However, a high number

Fingrid is already applying many of
the best practices which were found in
the most recent benchmarking studies.
The results of the studies have indicat-
ed that performance has become more
efficient both within Fingrid and in the
business in general internationally.

Fingrid’s good success in bench-
marking stems from the history of the
electricity transmission business in
Finland and from Fingrid’s operation-
al efficiency. The energy business has
always been a highly competitive and
cost-conscious business in Finland.

This has been in the interests

Depending

on the benchmarking study,
the functions studied can com-
prise for example maintenance |peed
of transmission lines and substa-
tions, grid operation, administra-
tion and support functions, and i
scope and development of grid. g
In studies examining the effi-
ciency of the main functions, all
input and output of the partic-
ipant relating to the grid busi-
ness are considered. In this way,
for example the costs and capi-
tal expenditure compiled for the
study correspond to the partic-

Grid maintenance in 2004
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Includes the maintenance of substations and transmission lines.
Based on results from international benchmarking
concerning the maintenance of the transmission grid
in 2004, Fingrid was again in the top league.

of an energy-intensive industry
which knows the energy busi-
ness. Grid operation was sepa-
rated within power companies
1 at an early stage in internation-
al electricity market develop-
ment, as a result of which com-
petitive bidding and focus on
the core business brought con-
siderable savings.

A single grid operator was
established in Finland, and it
was imposed a concrete objec-
tive of operational efficiency at
the outset. Fingrid’s efficien-

ipant’s figures which have been

cy is the result of factors such

reported externally. So far, there

have been three benchmarking stud-
ies of Fingrid’s overall operations since
1999.

Benchmarking concerning a certain
sector, such as grid maintenance, grid
operation or workplace atmosphere,
enables detailed comparisons and anal-
ysis and finding best practices.

of participants and their differing op- E

erating environments may provide an
opportunity for finding new, even sur-
prising practices and applying them in
one’s own operations.

Almost without exception, Fingrid
has been among the top three in all
sectors in its benchmark group. The
studies have been a source for many
best practices which Fingrid has tak-

i en into use.

as successful outsourcing, sol-
id expertise as a service customer, effi-
cient data systems, and constant im-
provement and monitoring of efficien-
cy. Cost and quality consciousness is
guaranteed by competent personnel,
and expert owners and expert custom-
ers.
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Benchmarking also in the future

This year, there are five benchmarking
studies going on within Fingrid. Two
of these focus on examining the effi-
ciency of the main processes of trans-
mission system operation and three on

studies are new for Fingrid.

In the future, too, Fingrid will be ac-
tively involved in benchmarking to seek
best practices, to apply them within the
company, and to measure its perform-
ance against transmission system oper-
ators in other countries.

The goal is to find suitable models

for the comparison of transmission sys-
tem operation and to develop the ex-
isting methods. In 2007, a represent-
ative of Fingrid will be on the control
group of the International Transmission
Operations and Maintenance Study
(ITOMS), where the control group is
composed of the representatives of the

analysing a certain sector. Two of these

various continents.

In strategy literature, benchmarkingis defined as
a process for identifying, learning and applying best practic-
es and procedures.

tant role in business development. This is why benchmarking
is a widely used management tool in various businesses.
Benchmarking can be carried out individually or in
co-operation with others. 1t can concern a wide variety of is-
sues such as various functions, costs, products or strategy.

tain input/output ratios. In the studies where Fingrid has
been involved, the input has comprised resources, such as
costs and working hours, and output has included the du-
ties and results of the transmission system operator, such
as the scope and structure of the grid, geographical condi-

tomers.

After a comparison of key figures, the studies have sought
factors among each participant’s procedures which have an
impact on efficiency or inefficiency.

benchmark group and finding the right and homogeneous
data among the participants.

There are several benchmarking models developed for var-
ious purposes. It may be laborious just to find the right mod-
el and apply it.

Measuring and developing performance have an impor- i

The goal in benchmarking is to verify efficiency at cer- |

tions, volumes of electricity transmitted, and number of cus- :

Carrying out benchmarking is almost always chal- i
lenging. The foremost challenges include harmonising the

The essential thing in benchmarking is that the reliabil-
ity of the model and of the data compiled is assessed in
every stage of the study. When repeating a single bench-
marking method, the reliability of the results grows.

Fingrid’s benchmarking projects are made more
challenging by the fact that benchmarking is carried out
almost every time in a different country and between
participants which operate in different types of operating
environments. The data compiled for the studies differ
from the data reported by the participants in other con-
texts, which also poses challenges to the compilation of
data. Moreover, the nature and depth of the benchmark-
ing study set their own requirements for the accuracy of
the data compiled. Fingrid has developed reporting to
also correspond to benchmarking needs.

Fingrid has participated in benchmarking studies and
their development together with transmission system op-
erators in many countries and with consultants. 1t is im-
portant to develop the comparison models jointly so that
the special features of each participant can be consid-
ered.

However, there are many country-specific special fea-
tures, and compromises are often called for in the harmo-
nisation of the benchmark group. Consultants have been
responsible for the functioning and development of the
benchmarking models, for compiling the right data, and

i for analysing and presenting the results.

Transmission
grid operation

|

Power system operation Maintenance
of transmission lines

Maintenance
of substations

Administration and
support functions

Scope and
development of grid

| | ) |

The functions studied in benchmarking can include for example maintenance of substations and transmission lines,
grid operation, administration and support functions, and scope and development of the grid.




Nordel’s chairmanship
and secretariat to Finland

Nordel, the co-operation organisation of the Nordic transmission
system operators, held its annual meeting in Fiskebackskil, an old
fishermen’s village on the west coast of Sweden, on |3 June 2006.
In accordance with Nordel’s rules, the two-year chairmanship of
Sweden came to an end at this meeting and was taken over by
Fingrid for the next two years. Fingrid’s Executive Vice President
Juha Kekkonen started as Nordel’s Chairman.

TEXT BY Erkki Stam

ordel’s chairmanship was

transferred to Finland at a

challenging phase in the de-
velopment of the Nordic electricity mar-
ket. In recent years, Nordel has drawn up
several reports and initiatives to improve
the functioning of the Nordic market.
The Nordic energy ministers have sup-
ported the initiatives made. Many of the
initiatives must also be put into practice
during Finland’s chairmanship.

In view of the electricity market, the
foremost initiative is the harmonisation
of the pricing of balance power in the
Nordic countries. This harmonisation is
a basic condition for the development

of a Nordic end user market. Nordel’s
proposal is presently being comment-
ed on by the market parties, and con-
clusions are expected by the end of this
year. Another objective is to expand
the Elbas market, which is related to
balance management, to Norway and
Jutland in Denmark.

In grid operation, the ongoing anal-
yses include the co-ordination of pro-
curement of reserves needed for dis-
turbances in the power system. There
will also be focus on mutual informa-
tion exchange between the transmis-
sion system operators and on training
of personnel.

The biggest challenge during the
early part of Finland’s chairmanship
is to create shared principles for the
management of transmission conges-
tions. The development programme for
the Nordic grid is part of this manage-
ment over a long term. The next devel-
opment programme will be completed
during Finland’s chairmanship.

The Nordic electricity market has been
an example for other European coun-
tries. Retaining the pioneer status calls
for the constant development of ef-
forts and rules within Nordel.

Nordel’s secretariat was also trans-
ferred to Fingrid in line with the chair-
manship. Erkki Stam will serve as
Nordel’s Secretary supported by Anders
Lundberg. The assistant is Anneli
Fagerlund.

Some 20 Fingrid employees participate
in the various committees and task forc-
es of Nordel.
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MOSHTRUESAOMATE TECHNOLOGY
torsecureringrid’s telephone

Several significant reforms have been carried out in
Fingrid’s telephone systems during the past year.The most
up-to-date technology now ensures that the communica-
tions will work reliably and without jamming also during

exceptional situations.

TEXT BY Ari Silfverberg PHOTOGRAPHS BY Eija Eskelinen and FuturelmageBank

elephone  communications

continue to have a significant

role for Fingrid. The operation
of the main grid is remote-controlled,
but control taking place over the tele-
phone is a crucial safety factor for ex-
ample during switching when people
are working on the lines or at substa-
tions.

Reduced need for in-house
telephone network

There were many reasons why Fingrid
originally had a separate telephone net-
work of its own. There were no avail-

able telephone subscriptions and con-
necting lines for remote traffic in the
general telephone network, the net-
works could jam up, and the telephone
calls were expensive. Moreover, it was
easy to carry out protection systems by
means of radio links and later by means
of optical fibres.

In addition to grid operation, the
telephone network was also used for
long-distance calls between substa-
tions and even for international tele-
phone communications to Russia.

The commissioning of Fingrid’s dig-
ital telephone network (Dixi) started in
1986. The network replaced the elec-

tromechanical network DX-20 and en-
abled for example the automatic rout-
ing of calls in fault situations.

Even though technical support from
the manufacturer of the telephone ex-
changes finished at the end of 1999,
the system would still have been op-
erational despite its age of 20 years.
However, the exchanges of the net-
work were located in wrong places in
view of the needs. Moreover, operative
telephone traffic has shifted to mo-
bile phones, and substations now have
a smaller need for separate telephone
modem connections thanks to better
broadband connections and develop-
ments in energy measurement technol-
ogies.

The dismantling of the old tele-
phone network started in the summer
of 2005. In the summer of 2006, a di-
rect telephone connection was built
between Fingrid and the northwestern
grid control centre in Russia, the direct

FINGRID 2/2006
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telephone subscriptions of the Vyborg
converter substation were turned into
customer subscriptions of the north-
western grid control centre, and the
last exchanges in the telephone net-
work were dismantled.

At Fingrid, the reform was reflect-
ed in the changing of some telephone
numbers of substations.

Reform praised
by Power System Control Centre

As part of Fingrid’s telephone system
reform, the operative telephones of the
Power System Control Centre have been
shifted under the exchange of Fingrid’s
Arkadiankatu office, and personnel
monitoring the main grid have work-
stations where they can see the incom-
ing calls and pick the telephone calls
they want to answer.

The software and hardware in the of-
fice exchange systems were updated in
the same conjunction. The update en-
sures software support for the system
and gives improvements in some func-
tions and data security. Voice instruc-
tions for the use of functions are the
biggest change for the actual users.

The exchange was updated by TDC
Song in co-operation with Alcatel,
Instcom and Scando.

Fingrid’s Project Manager Ari
Ritamidki says that several options
were experimented for call control at
the Power System Control Centre. “The
work was challenging. 1t was an inter-
esting experience to construct a direct
connection to Russia. Yrjo Repo, who
served as an interpreter, had a major
role in this project.”

Fingrid employees can now place
telephone calls directly to the north-
western grid company in Russia.
Correspondingly, there is a direct con-
nection from this company to Fingrid.

Reijo Huhta, who heads Fingrid’s
Power System Control Centre, is satis-
fied with the revised system. “The up-
date gave us two important features:
an option to pick the telephone calls
and continuous recording of telephone

calls,” he says and points out that pri-
vacy is secured and the listening option
is strictly restricted.

One main objective of the reform
was to make sure that telephone calls
do not jam up. The old telephone ex-
change is still in reserve use for soft-
ware updates, and it can be commis-
sioned quickly.

“Our other backup systems com-
prise some customer subscriptions in

Lauri Puskala and Pentti Ahlquist dismantling the ol

d telephone network.
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the general telephone network, mo-
bile phones of two operators, and tel-
ephones in the Virve network used by
authorities, so it is very unlikely that all

our telephone communications would |

be out of order,” Reijo Huhta says.

More reliability and speed
through Virve

Fingrid has had some telephones in the :

digital Virve network used by author-
ities in trial use for a couple of years.
Stationary Virve telephones have now
been installed both at the Power System

Control Cent d at the Network
ontrot Lentre and a ¢ etwork station in Northern Finland. Route al-

Control Centre. These telephones will
also be installed at the main substa-
tions.

The Virve telephones will partially re-
place the normal telephone network,

and they will replace the line tele- :

phones at new substations. Fingrid has
also recommended that network oper-
ators and power plants purchase Virve
telephones for their control rooms.
The benefits of the Virve network

over the GSM mobile phone network :

include group calls and swift connec-
tion of telephone calls and text mes-
sages. Direct calls between telephones
without network base stations are also
possible.

Engineering concering the Virve
network has been ordered from Suomen
Erillisverkot. The engineering is due to
be ready in the early autumn so that
the potential joint groups can also be
taken into use in the partner compa-
nies.

Route chosen for
the Keminmaa -
Petdjaskoski 400

kilovolt line

m Fingrid has completed the environ-
mental impact assessment (EIA) for the
route of the new 400 kilovolt trans-
mission line to be constructed between

the Keminmaa substation and the sub- i

station at the Petdjadskoski hydropower

ternative A with a length of approx. 60
kilometres has been chosen for further
engineering.

The route alternative chosen runs west

of the river Kemijoki parallel with the
existing transmission lines Kuikero -
Varevaara and Kinnula - Petéjaskoski.
Approximately half of the line route
will be in a new right-of-way.

The feedback received during the E1A
process was primarily in favour of the
chosen route alternative A. Fingrid has
also concluded that this route is tech-

nically and environmentally superior to
i the other alternative.

The Keminmaa - Petdjiskoski 400
kilovolt line will secure the reliability

of the power system in the region and :
enable the forecasted increase in elec- :
i tricity use. The line will also add to the

transmission capacity between Finland
and Sweden by approx. 200 mega-
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The selected line route is indicated
on the map by a broken line.

watts, hence improving the function-
ing of the electricity market by reduc-
ing transmission congestions between

i Finland and Sweden.

Based on a survey permit granted by
the State Provincial Office of Lapland,
Fingrid will launch the engineering of
the transmission line and related field
surveying. In 2006, there will be meas-
urements which support engineering,
and the tower locations will be marked
and their soil will be analysed.
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There was too much tension, too much
effort. Efficiency did not yield results,
only destruction. Spring can be the cru-
ellest of the seasons of the year.

When the spring comes, everything
gets powered up and ready for action.
There is still time to reach the half-year-
ly objectives. There is still time to get into
bikini shape for the summer.

There is still time to argue over the hol-
iday. Everyone’s got power.

The protecting gloom of the win-
ter changes to the revealing light of the
spring.

It fills some people to the brim, only
to be released with a hiss. The small pin-
eal gland works at full speed. Melatonin,
adrenalin and serotonin surge in the bod-
ies of such people.

Others, the powerless, become ex-
hausted at the outset. To them, the ac-
tivity of others is a depressing model, not
an energising example.

You swallow an energy pill and get
back into full speed. Maybe we should re-
ally ask: What caused the burn-out? Why
are we standing again at the smoking ru-
ins of broken promises?

You get job supervision, nice furniture
and a team-building adventure trip, and
you are again a member of an effective
and winning team. Yess!

Maybe we should really ask: At what
point did we lose all the natural relays
protecting us from overheating, the peo-
ple who guided and mended the welfare
of the organisation naturally?

Where are those people now who had
time? Who's got the time now?

The overwhelming growth of the natu-
ral environment is apt to make your eyes
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break into tears. That’s the way it should
be. Sensitivity is the virtue which raises us
to humanity. But if any old thing makes
you cry, you are dangerously close to hy-
pertension.

1t’s worth your while to listen to the
signals of your power net. Does it moan?
Lament? Howl? Or does it hum in a reas-
suring and steady manner?

1t is a mistake to go on holiday so that
you could get back to work refreshed. You
should go on holiday because of yourself,
not to charge your batteries just to ex-
haust them at work. You should power
up yourself continuously; work should be
a reward to the worker while doing the
work, not when leaving it behind.

1f this is not so, the interruption in pow-
er supply may become too long without
you even noticing it. You keep up the old
pace until you burn out.

When you have burnt out, you are like
a small child who has burnt his finger.
You are afraid of the thing that hurt you,
the same pattern of doing things: never
again! You cannot go back to the old way
for a long time, maybe you don’t even
want to, and the tolerance for the thing
that hurt you may have decreased perma-
nently. Even moderately tolerable things
have turned quite impossible.

The group at risk comprises those con-
scientious men and women who are ded-
icated to their work, who are proud of
their performance, who consent to being
available, and who ultimately pay a high
price for it. The spirit soars but the body
can’t keep up with the pace.

Sure enough, there are manuals for suc-

cess. There are piles of guid'es into how to
relieve the burden of organisational be-
haviour. Creativity, laziness, unconven-
tional choices of life. Prioritisation, trek-
king, full-body communication.

The problem is often that the return to
healthy and active life must be made in
small steps. Instead, people often charge
towards their inner determination in
huge leaps. Small, ordinary things do not
seem to make any difference. Who would
settle for a light bulb when you can have
a searchlight!

Burn-out is not just about a temporary
disturbance in power supply; it means
that the energy source has petered out
and that there are serious failures in the
distribution system.

Will power alone does not get you
out of it; the back-up power only gets
you to the start of recovery. All resourc-
es, including the subsurface reserves, are
needed so that a powerless person be-
comes whole again. Other people are
needed, including those whose efficien-
¢y cannot be measured in high values. In
fact, their true significance is measured
in the invisible microwatts of closeness
and togetherness. All such people put to-
gether, they make up terawatts. Caring is
a huge power.

A community which just seeks and fa-
Vours power sSoon consumes its own
power. A community which interprets
and feeds power in a variety of ways gen-

erates new power. Hilkka Olkinuora
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ELECTRIC FOOD
IN ELECTRIC LIGHTING

Enlightenment
to conscientious
housewives

in the 1930s

COOK WITH ELECTRICITY

In 1930, the Finnish Association of Electricity Utilities launched systematic
propaganda to households to raise the consumption of electricity. The
campaign material especially intended for women highlighted the properties
of a good mother and the virtues of family life. In her Master’s thesis,

has studied the propaganda of the Finnish Association of
Electricity Utilities between the World Wars.Why was electricity advertised
to housewives? What types of advertisements were used for approaching
homes?

TEXT BY Anne Ollikainen
The illustration of the article consists of covers of brochures published by the Finnish Association of Electricity Utilities.



e Finnish  Association of
Electricity Utilities rationalised
the propaganda with both so-

cial and economic reasons. Electricity
consumption in Finland in the 1930s
was very small even though the supply
of electricity had improved especially in
towns.

The goal was to acquaint people with
electricity and to show them that it was
easy and safe to use it. Increased elec-
tricity consumption was also thought to
serve the interests of the national econ-
omy.

Above all, the goal was to raise the
standard of living of all people. The
growth and reform requirements which
were specified for the whole of Finland
were also targeted at homes and at the
living conditions of people. There was
an ambition to modemise the realm of
housewives. If electricity use was ration-
alised and diversified, families would have
better chances of making ends meet.

Women were responsible for house-
keeping, cooking, garden and handi-
crafts. Housewives became the natural
target group for electricity propaganda.

The advertising material targeted at
homes mainly consisted of flyers and
small information leaflets. The values
and ideals of the 1930s are reflected in
the material designed by a committee
consisting of men.

From Riia Kemppainen’s Master’s the-
sis: “In line with new household tech-
nology, advertisements of machines also
spread into women’s lives.- - - The pic-
tures declared that the tools of a good
housewife who wished to fulfil her mis-
sion in life included modern appliances.”

Healthy and economical
- with electricity

The propaganda also underlined the
idea of the functioning and cleanliness
of homes. Healthiness and good hygiene
were paralleled with a happy home, clean-
ing and cooking. The kitchen received
special attention in the electrification of
the entire home. Additional functionality

were provided by the right kind of light- :

ing and suitable electric household appli-
ances, especially cooker and oven.

The Finnish Association of Electricity
Utilities spoke actively for so-called elec-
tric food. Together with the women’s

Martha Organisation, it arranged cours- |

es where women were taught to use an
electric cooker. The information leaflets
contained recipes and instructions in the
use of a cooker as well as information
on how healthy and economical elec-
tric food is. Food no longer burnt up nor
were great amounts of grease needed for
frying.

1t was the duty of every housewife
to take care of the health of her fami-

ly. When cooking no longer required as

much time as before, the wives could
spend their time on creating a cosy at-
mosphere for the home.

Health aspects were also emphasised
in the enlightenment propaganda. In

the early stages, most of the propagan-

da consisted of instructions concerning
the correct and sensible use of electricity
as well as introduction of electrical appli-
ances. A bad mother could ruin her chil-
dren’s eyes with poor lighting. Even elec-
tric lighting was not healthy if it was in-
correctly arranged. The goal of enlight-

|
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The propaganda material for the pro-
motion of electricity in the 1930s is cur-
rently stored in the premises of Society
for Electrotechnical Heritage Elektra in
the archives of the Finnish Association
of Electricity Utilities. The history of the
use of electricity and history of pow-
er systems are displayed at Electricity
Museum Elektra in Hdmeenlinna. The
photographs of electrical appliances are
from Elektra’s collections.

enment was clear:

“An electrified home is the goal to-
wards which we travel. Use of electric-
ity promotes cleanliness and good hy-
giene, saves time and work, gives better
results, is highly comfortable to its user,
and does not require special professional
skills. Moreover, it promotes good econ-
omy.” (From an information leaflet from
1938.)

“An excellent aid
liked by everyone”

Electricity propaganda directed at men
concerned the costs and technical fea-
tures of electricity, and it also pleaded to
relieving the wife’s workload. However,
the main target was always the fami-
ly mother. Electricity facilitated life and
gave more time to the family.

From the 1920s onwards, the home
and housewife started to gain more ap-
preciation. The mother became the
source of security and happiness in the
family. A sensible husband helped his
wife in household work by electrifying
the home.

This was made easier by
the fact that the costs of
electrification were not too
high in the 1930s. However,
electrification also strength-
ened the conventional division of
work in families and gender roles:
a husband became his wife’s help-
er in the kitchen. The actual role of the
husband was outside the home, earming
money. In a leaflet which provided pri-
vate consumers with information on the

Electric kettle. Collections of Electricity Muse-
um Elektra. Photograph by Juhani Eskelinen.

use of electricity in 1931, husbands were
addressed as follows:

“Dear Sirs, have you ever contemplat-
ed that a home is also a workplace, where
many types of duties are performed in
the kitchen, living room and elsewhere?-
- - Does your wife have a lamp which
provides her with sufficient visibility for
doing handicrafts- - -*

Enlightenment directed at women also
pleaded to reason. Alongside advertise-
ments, cookery books made household
technology part of good housekeeping.
However, the arguments for the intro-
duction of electrotechnology were dif-
ferent from those used in advertising: a
systematic approach and better facilities
for housekeeping.

In the advertisements, sensible use of
electricity was linked to creating a cosy
atmosphere. The true warmth of a home
came from well-designed electric light-

ing.
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Jari Perdmdki (on the right) from the Paimio Adult Education Centre

gave Fingrid employees SATKY training last April.

Joint principles for safe working
SATKY training gives uniform procedures for

those working on high-voltage equipment

The nation-wide SATKY electrical safety training provides those working
on high-voltage equipment in Finland with targeted training in accordance
with standard SFS 6002.The goal is to create shared principles for all
those doing high-voltage work and to improve occupational safety.

TEXT BY Reija Kuronen PHOTOGRAPHS BY Eija Eskelinen

ifferent procedures and a lack

of shared terminology can

present clear safety threats
when the operating environment chang-
es. Different work cultures adopt differ-
ent types of procedures, even terminol-
ogy, which complicates working in an
unfamiliar environment and can cause
electrical safety risks.

Nation-wide SATKY training gives the
professionals in the field uniform proce-
dures and hence adds to safety. It also
eliminates redundant and overlapping
training.

SATKY training is intended for
those carrying out high-voltage work,
including supervisory, network oper-
ation and expert duties. The training
clarifies the rights, obligations and re-
sponsibilities of the various parties to-
wards those who construct, maintain
and own electrical installations.

The contents of training take into
account the duties in which the par-

ticipants work in each individual case.
Those working on high-voltage equip-
ment receive targeted training and uni-
form instructions with procedures.

The idea of the training came
from Fingrid’s Network Operation
Committee, which established a task
force to investigate new type of tar-
geted training for high-voltage work. A
manual was drawn up for this, and the
instructors were selected and trained.

Nation-wide centralised safety train-
ing in electrical matters started at the
beginning of 2006. 1t corresponds to
the compulsory general electrical safe-
ty training in accordance with standard
SFS 6002 and also contains the general
practical principles for network opera-

N

tion on equipment of over
1 kilovolt. So far, more
than 1,800 persons have
been trained.

Jukka Muttilainen of
the Association of Finnish

Energy Industries is responsible for
i electrical training and co-ordinates the
| safety training.

“We have received excellent feed-
back concering the contents and im-
plementation of the training from those
who have taken it. The practical aspect
and relation to everyday work have been
commended especially,” he says.

Jukka Muttilainen says that the train-
ing will continue to be practical. The
topics range from general electrical
safety to switching and from the safe-
ty of the work location to concrete risks.
The training presents actual situations,
for example what could happen and
what has happened.

SATKY training is monitored and de-
veloped continuously. “The contents
will also pay attention to accidents and
near miss situations. The goal is to en-
hance electrical safety through increas-
ingly rewarding SATKY training,” Jukka
Muttilainen says.

The targeted SATKY training lasts for one day and con-
tains a written examination in accordance with the
standard. The participants are given a manual on the
electrical work safety of high-voltage equipment drawn
up by the SATKY team and published by the Association
of Finnish Energy Industries.

Those who pass the examination obtain a safety card
for electrical work in accordance with targeted training
for high-voltage work. The card is valid for 5 years.

More information on SATKY
training at www.energia.fi
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Grid ABC

RELAY PROTECTION

he electricity transmitted in

the main grid has a signifi-

cant role in the everyday life
of people. This is why the grid must
work reliably. One of the basic condi-
tions of reliability is sufficient protec-
tion against faults.

A faulty part of the grid should be
separated from the rest of the grid
quickly, reliably and selectively.

B Quick activation of protection
minimises the inconveniences caused
by the fault, such as heat caused by the
fault current, hazard caused by the cur-
rent travelling in the ground to living
organisms, and deteriorated quality of
electricity. Moreover, quick activation
of protection is vital in the 400 kilovolt
network in order to retain stability.

M Reliability means that the protec-

tion works as planned. The protection
should only work in those fault cases
where it is designed to work.

M Selectivity means that in the event
of a fault, an as small part of the grid as
possible is separated and that all parts
of the grid are protected adequate-
ly. Moreover, it is important for practi-
cal reasons that the protection is suffi-
ciently simple and can be tested.

The protection of the main grid has
been carried out by means of secondary
relays. This means that the primary val-
ues of the grid, i.e. current and voltage,
are transformed into secondary values
(typically 1 or 5 A and 100 or 200 V) by
means of instrument transformers, and
the protective relays measure these sec-
ondary values. The protective relays are
primarily of a triggering type. When a

protective relay detects a fault in the
grid, it sends a triggering signal to one
or more circuit breakers, which sepa-
rate the faulty part of the grid from the
rest of the grid and hence enable the
continued normal operation of the re-
maining parts of the grid.

The primary components in the main
grid requiring relay protection are out-
going bays, transformers, compensat-
ing devices, and busbars. The most im-
portant components, such as trans-
formers and 400 kilovolt outgoing
bays, are always protected by means of
doubled main protection. A securing
back-up protection is mostly also con-
structed for lower voltage level compo-
nents that are protected.

A distance relay is used as the main
protection of outgoing bays in the main
grid. The distance relay is an under-im-
pedance relay, i.e. it measures contin-
uously the voltage and current of the
line protected. The quotient of these
variables is impedance, which is moni-
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tored by the relay.

In the event of a short circuit or low-
resistance earth fault, the voltage of
the line decreases and the current in-
creases to the extent that the imped-
ance detected by the distance relay de-
creases. In this way, the relay can con-
clude that there is a fault. The meas-
uring accuracy of the distance relay is
not very sensitive to fluctuations in the
load currents, which is why it is well
suited for the looped main grid.

Another type of main protection re-
lay is the differential relay, which is pri-
marily used for the protection of trans-
formers, busbars and short lines. The
differential relay is a proportional re-
lay; it measures the current travelling
through the component protected and
concludes on this basis whether there is
a fault in the component protected.

Quick activation of busbar and cir-
cuit-breaker failure relays in the 400
kilovolt grid is of utmost importance in
view of stability. The differential relay
requires a continuous communications
connection between the various ends
of the component protected, which re-
stricts its use.

In the main grid, overcurrent relays
and zero current relays are primarily
used as backup protection for outgoing
bays and transformers and as the main
protection of compensating devices. A
zero current relay is used in line protec-
tion also as a main protection against
such earth faults which have a high
fault resistance. An overcurrent relay
measures phase currents and the zero
current relay measures the sum current
of phase currents, i.e. the asymmetry of
current. Such relays are typically quite

simple and give a triggering signal af-
ter a set time delay when the current
has exceeded the set limit value.

Other relay types used include volt-
age relays, frequency relays, power re-
lays and asymmetry relays. Of relays
based on non-electric variables, the
Buchholz gas relay primarily used for
protecting transformers is worth men-
tioning.

Protective relays can be categorised
in three different generations: electro-
mechanical, static and digital relays.

The older protective relays are elec-
tromechanical. They are called this be-
cause they also contain moving parts.
They work at the same principle as in-
dicating gauges, i.e. they measure the
effective value or average value of an
electric variable.

The drawback of electromechani-
cal relays is that their mechanical parts
become rigid over time, which is why
they often need to be “sensitised” in
conjunction with maintenance. They
are also somewhat inaccurate, large
and have a high power need. On the
other hand, electromechanical relays
have simple and illustrative operation.
Electromechanical relays are not really
manufactured any more, but they are
durable and there are hence still quite
a few electromechanical relays in op-
eration.

Static or electronic protective re-
lays were launched in the early 1960s.
These relays use a configuration based
on individual semiconductor compo-
nents and microchips. Static relays en-
able more demanding protection func-
tions than electromechanical relays.
Static relays are also more precise and

quicker, because mechanical parts have
been replaced with electronic parts.

The drawbacks of static relays in-
clude their sensitivity to overvoltage
and electromagnetic interference, need
for continuous auxiliary power, and
non-illustrative operation. Ageing of
electronic components has increased
the failure frequency of static relays.

In line with the spreading and de-
velopment of microprocessor technol-
ogy, digital signal processing has also
been applied to the manufacture of
protective relays. The first digital relays
appeared on the market at the end of
the 1980s. In addition to actual pro-
tection functions, digital relays ena-
ble various measurement and control
functions.

A serial data bus enables for exam-
ple the transfer of signals measured by
the relay and the transfer of operat-
ing values set in the relay directly from
the relay to a higher-level automation
system or directly to the relay expert’s
computer via the service bus. The data
transmitted in the other direction can
include changes to the set values of the
relay and closing and opening com-
mands for circuit breakers.

Microprocessor technology enables
multi-purpose protection where sever-
al protection and control functions can
be integrated in a single relay. Modern
relays are consequently referred to as
1EDs, Intelligent Electronic Devices.

As a result of new functions and op-
tions, modern relays are very complex
devices, which imposes special require-
ments on their use and maintenance.
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Fingrid Oyj is responsible for the main electricity transmission grid in Finland. We make
sure that Finland obtains electricity without disturbance. Reliability, efficiency, conside-
ration of environmental issues and good co-operation with our customers, landowners
and authorities are our key objectives when we take care of our demanding duties.
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