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EXECUTIVE SUMMARY 

G r e n s e l a n d e t  AS is developing the  8 0 0  MW Davvi  wind p o w e r  p lant  pro jec t  in F innmark  county ,  Norway. 

The c o m p a n y  St1  Norway AS h a s  r e q u e s t e d  a t r ansmiss ion  s y s t e m  s t u d y  regard ing  t h e  connect ion  of 

Davvi  to the  t r ansmiss ion  grid, a n d  the  p r imary  pu rpose  of this s t u d y  was  to identify c o n s e q u e n c e s  of 

Davvi  wind fa rm to the  nor th  p a r t  of the  Nordic t r ansmiss ion  grid. This s t u d y  also inves t iga ted  the  

resul ts  from a s t u d y  of t h e  fu ture  p o w e r  product ion a n d  grid in F innmark  by S t a t n e t t  in their  r epor t  

“Vindkraft i Øs t -F innmark  Muligheter  og k o n s e k v e n s e r ”  from 2 0 1 8 .  

The m e t h o d  of this s t u d y  was  to receive exist ing grids from the  Norwegian a n d  Swed i sh  TSOs, S t a t n e t t  

a n d  S v e n s k a  Kraftnät ,  a n d  combining t h e s e  into o n e  grid. Then  Davvi, as well  as the  wind f a rms  a n d  

t ransmiss ion  lines t h a t  were  identified to be impor t an t  for this s t u d y  a n d  would be built unt i l  2 0 2 5 ,  were  

a d d e d  to the  m o d e l  to c r e a t e  a 2 0 2 5  re fe rence  ca se .  Then  different  scenar ios  a n d  line trips were  

ana lyzed  in o r d e r  to d e t e r m i n e  how Davvi  would affect  t h e  t r ansmiss ion  grid. 

The cross  re fe rence  of S ta tne t t ’ s  future  scenar io  w a s  m a d e  to the  e x t e n t  the  details  in S ta tne t t ’ s  r epor t  

al lowed. The resul ts  from this analysis  a g r e e d  with S ta tne t t ’ s  resul ts ,  which was  t h a t  react ive p o w e r  

r e s e r v e s  a n d  vol tage limits in b u s e s  were  b igger  i ssues  t h a n  t h e r m a l  limits in lines. 

Apart  f rom t h e  2 0 2 5  re fe rence  c a s e ,  3 different  scenar ios  were  ana lysed :  m a x i m u m  product ion,  

min imum local  load; m a x i m u m  product ion,  m a x i m u m  load; a n d  min imum product ion,  min imum local  

load.  None of t h e  scenar ios  s h o w e d  i s sues  for vol tage levels in b u s e s  in t h e  t r ansmiss ion  grid,  b u t  t h e  

scenar io  with m a x i m u m  product ion,  min imum local  load s h o w e d  a b reach ing  of the  t h e r m a l  limit of the  

4 2 0  kV line b e t w e e n  Vietas a n d  Porjus,  a n d  was  therefore  d e e m e d  unaccep tab le .  

The b reach ing  c a n  be c o m b a t t e d  in different  ways :  cu r ta i lmen t  of p o w e r  product ion;  increase  in load;  

s t r e n g t h e n i n g  of lines; se r ies  c o m p e n s a t i o n  or line splitting of specific lines in o r d e r  to direct  t h e  power ;  

or a combina t ion  of s o m e  or all  of the  a b o v e .  A cur ta i lment  in product ion could be done  e i t he r  by the  

wind f a r m s  in Finnmark,  or by hydro  p o w e r  no r th  of Vietas. Se r ies  c o m p e n s a t i o n  of t h e  4 2 0  kV line to 

Finland s h o w e d  sa t i s fac tory  resul ts  a n d  g rea t ly  rel ieved the  over loaded  lines. The 1 3 2  kV reg iona l  line 

b e t w e e n  Sildvik a n d  T o r n e h a m n  was  also ove r loaded  which was  resolved by mak ing  it radial. S o m e  

reg iona l  lines were  ove r loaded  b e c a u s e  of s o m e  of the  n e w  wind f a rms ,  b u t  t h e s e  lines a r e  be ing  

s t r e n g t h e n e d  at the  m o m e n t ,  a n d  will be able to handle  the  increase  in power .  

S e v e r a l  different  trips of lines were  carr ied o u t  to inves t iga te  h o w  the  grid hand led  (N-1)  a n d  (N-1 -1 )  

s i tua t ions .  The lines t h a t  were  t r ipped were  bo th  close to Davvi, a n d  f u r t h e r  s o u t h  a long  the  corridors 

d o w n  bo th  Norway a n d  S w e d e n .  The trips were  appl ied to t h r e e  scenar ios :  m a x i m u m  product ion,  

min imum local  load; m a x i m u m  product ion,  min imum local  load b u t  Davvi  w a s  res t r ic ted  to 3 5 0  MW; a n d  

m a x i m u m  product ion,  m a x i m u m  load. 

As t h e  first scenar io  a l r e a d y  s h o w e d  prob lems  without  tripping lines, trips of lines lead to m a n y  i s sues  in 

t h e  grid. As for the  o t h e r  scenar ios ,  s o m e  trips still l ead  to over loading in t h e  grid. The m o s t  critical trip 

w a s  of the  420  kV line b e t w e e n  Davvi  a n d  Adamselv.  The lines t h a t  were  sub j ec t  to over loading w e r e  the  

4 2 0  kV line b e t w e e n  Vietas a n d  Porjus,  the  420  kV line b e t w e e n  Porjus a n d  H a r s p r å n g e t  a n d  the  1 3 2  kV 

line b e t w e e n  Lakselv a n d  Adamselv .  

Overal l  a connec t ion  of all  the  po ten t i a l  wind p o w e r  ( 1 4 0 0  MW) in F innmark  is feasible,  as long as the  

4 2 0  kV line b e t w e e n  Ska id i  a n d  Pirttikoski is built. Cer ta in  scenar ios  a n d  trips of lines will pose  prob lems  

for s o m e  lines in the  t r ansmiss ion  grid,  b u t  m e a s u r e s  to c o m b a t  this have  b e e n  identified. This s t u d y  h a s  

n o t  inves t iga ted  h o w  c o m m o n  or plausible t h e s e  scenar ios  a r e .  
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1 I N T R O D U C T I O N  

G r e n s e l a n d e t  AS, a joint v e n t u r e  by e n e r g y  c o m p a n y  S t 1 ,  Vindkraft Nord AS (VKN) a n d  Ny Energ i  AS, is 

deve loping  t h e  8 0 0  MW Davvi  wind p o w e r  plant  pro jec t  in F innmark  county ,  Norway. The c o m p a n y  S t1  

Norway AS has  r e q u e s t e d  a t ransmiss ion  s y s t e m  s t u d y  consider ing the  connect ion  of the  p l anned  Davvi  

WPP to the  Nordic t r ansmiss ion  grid. 

The p r imary  purpose  of the  s t u d y  is to identify c o n s e q u e n c e s  of Davvi  wind farm to t h e  nor th  p a r t  of the  

Nordic t ransmiss ion  grid (NOR/SWE/FIN). Before t h e  License application for Davvi  WPP will be 

cons ide red  by the  Norwegian W a t e r  Resources  a n d  Energy  Directorate  (NVE), t h e  deve lope r  m u s t  

conduc t  s tud ies  a n d  su rveys  to sa t isfy  the  impac t  a s s e s s m e n t  p r o g r a m  (NVE 1, 2 0 1 8 )  as i s sued  by NVE. 

St1  Norway h a s  appo in t ed  DNV GL to perform p o w e r  s y s t e m  a s s e s s m e n t s .  DNV GL has  carr ied o u t  

s t a t i ona ry  grid calculations to eva lua t e  the  c o n s e q u e n c e s  of t h e  grid connec t ion  of Davvi  wind fa rm to 

t h e  Nordic t r ansmiss ion  grid,  including exist ing bot t lenecks ,  capac i ty  restr ict ions a n d  in teract ions  

b e t w e e n  the  wind fa rm a n d  exist ing hydro  a n d  n u c l e a r / t h e r m a l  product ion.  

1 . 1  D a v v i  W P P  a n d  g r i d  c o n n e c t i o n  

Davvi  wind fa rm is p lanned  to be s i t ua t ed  in F innmark  county ,  in the  n o r t h e r n  p a r t  of Norway. At this 

s t a g e  p re - s tud ies  a r e  carr ied o u t  to m a p  the  po ten t i a l  c o n s e q u e n c e s  t h a t  would ar ise  if the  p a r k  will be 

built, a n d  sugges t i ons  for which full s tud ies  should  be pe r fo rmed  in o r d e r  to be g r a n t e d  building a n d  

ope ra t ing  permiss ions .  This r epor t  is p a r t  of the  initial s t udy .  

P lanned  totally installed p o w e r  in t h e  p a r k  is 8 0 0  MW, a n d  d e p e n d i n g  on which turb ines  a r e  on the  

m a r k e t  at the  t ime of cons t ruc t ion  t he re  will be built b e t w e e n  1 0 0  a n d  2 6 7  wind turbines  with a n o m i n a l  

p o w e r  b e t w e e n  3 a n d  8 MW ( G r e n s e l a n d e t  AS, 2 0 1 7 ) .  Es t imated  cons t ruct ion  p h a s e  is 2 0 2 5 - 2 0 3 0  a n d  

t h e  exist ing a n d  dec ided  t ransmiss ion  grid in close proximity to the  p a r k  is s h o w n  in Figure 1. 
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F i g u r e  1: Existing t ransmiss ion  grid n e a r  Davvi  wind fa rm.  

G r e n s e l a n d e t  AS is planning for  a grid connec t ion  of Davvi  wind fa rm directly to the  4 2 0  kV line b e t w e e n  

Lakselv a n d  Adamselv,  in accordance  with the  m a p  s h o w n  in Figure 2. 
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F i g u r e  2: The whole p a r k  with its 8 0 0  MW is p lanned  to c o n n e c t  towards  the  Norwegian S t a t n e t t  
p lanned  420  kV n e t w o r k  Ska id i -Varangerbotn ,  which will h a v e  a t r a n s f o r m e r  s t a t ion  at Davvi  

( G r e n s e l a n d e t  AS, 2 0 1 7 ) .  
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Only o n e  grid connect ion  a l te rna t ive  h a s  b e e n  s tud i ed ,  s e e  Figure 3, where  the  n e w  4 2 0  kV p o w e r  line 

will go p a s t  Davvi  wind farm on its w a y  from Lakselv to S ta tne t t ’ s  p lanned  4 2 0 / 1 3 2  kV Adamse lv  

t r a n s f o r m e r  s ta t ion .  

F i g u r e  3: The p lanned  420  kV line Ska id i -Varangerbotn  with a p lanned  t r a n s f o r m e r  s t a t ion  at Adamselv.  
Davvi  will be c o n n e c t e d  to the  line b e t w e e n  Lakselv a n d  Adamselv .  

1 . 2  S t a t n e t t  a n a l y s i s  of w i n d  p o w e r  in e a s t e r n  F i n n m a r k  

S t a t n e t t  h a s  in t h e  r epor t  «Vindkraft  i Øs t -F innmark»  ana lyzed  the  po ten t i a l  for installing n e w  wind 

p o w e r  in Finnmark.  The r epor t  concludes  t h a t  t he r e  is 1 7 5  MW wind p o w e r  with concess ion  in e a s t e r n  

Finnmark,  a n d  t h e r e  is n o t  grid capac i ty  for all  of the  wind p o w e r  to be installed. The r epor t  concludes  

t h a t  vol tage limits will be b r e a c h e d  long before t h e r m a l  limits of lines will be r e a c h e d  mainly d u e  to the  

long d i s t ances  of the  lines. Wind p o w e r  poses  a lso a n o t h e r  chal lenge which is the  r ap idness  of c h a n g e  in 

product ion which m e a n s  t h a t  a n y  react ive p o w e r  c o m p e n s a t i o n  h a s  to be rapid.  

For the  grid to be able  to handle  all  the  wind power ,  a 420  kV line from Ska id i  to Varange rbo tn  is 

n e c e s s a r y ,  b u t  this line is n o t  socio economical ly  profitable b a s e d  on t h e  informat ion S t a t n e t t  h a d  at the  

t ime of the  r epo r t  (March 2 0 1 8 ) .  The line would allow for 3 0 0  MW of addi t iona l  wind p o w e r  to be built. It 

would be possible for grid s t r e n g t h e n i n g  to be justifiable if e v e n  m o r e  wind p o w e r  was  to be built in 

Finnmark,  a n d  for  t h a t  to be possible t h r ee  possibilities were  s u g g e s t e d :  two 4 2 0  kV lines to 

Varangerbo tn ,  an HVDC link or a 4 2 0  kV line to Varange rbo tn  t o g e t h e r  with a 420  kV line d o w n  n o r t h e r n  

Finland ( S t a t n e t t ,  2 0 1 8 ) .  

A p a r t  of this s t u d y  is to c r ea t e  a similar  fu ture  scenar io ,  taking place 2 0 2 5 ,  as S t a t n e t t  d e e m s  possible 

wi thout  ex t end ing  the  4 2 0  kV line from Skaidi,  a n d  c o m p a r e  the  resul ts .  
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1 . 3  S c o p e  of w o r k  

This s t u d y  is to form the  basis for the  developer’s  cove rage  of the  following pa r t s  of the  by NVE issued  

i m p a c t  a s s e s s m e n t  p rog ram:  

N e t t i l k n y t n i n g  

 Kapasi te tsforhold og b e h o v  for  tiltak I over l iggende  n e t t  s k a l  beskr ives  og even tue l t  o m s ø k e s ,  
h e r u n d e r  hvilke tiltak s o m  e v e n t u e l t  må g jø res  på finsk side av g r e n s e n .  

 De t  s k a l  r edeg jø res  for h v o r d a n  t i l taket  k a n  påvirke forsyningss ikkerhe ten .  

 De t  s k a l  beskr ives  h v o r d a n  økt  kraf tproduks jon  i F innmark  k a n  påvirke kraftflyten i n e t t e t .  
H e r u n d e r  s k a l  d e t  r edeg jø re s  for t a p s k o s t n a d e r ,  f l a skeha l skos tnade r  og eventuel le  
s y s t e m d r i f t s k o s t n a d e r  i t r an smi s jonsne t t e t .  

This s t u d y  h a s  e v a l u a t e d  the  following for t h e  combined  t ransmiss ion  s y s t e m  of the  n o r t h e r n  Nordic 

(NOR/SWE/FIN): 

 S ta tne t t ’ s  eva lua t ion  of grid capac i ty  for connect ion  of wind p o w e r  in Finnmark.  

 Existing bo t t l enecks /capac i ty  restr ict ion/ l imitat ions d u e  to:  

o T h e r m a l / r a t e d  limits of t r ansmiss ion  c o m p o n e n t s  

o Under-  a n d  overvo l t ages  in b u s e s  

 Neces sa ry  m e a s u r e s  ( o n  s y s t e m  level, no de ta i l  eng ineer ing  of solut ions)  to increase  the  
t r ansmiss ion  s y s t e m  capac i ty  (if n e e d e d )  a n d  to a c c e p t  the  connect ion  of Davvi  wind fa rm at 
8 0 0  MW, as well  as MW from o t h e r  wind f a rms  with concess ion  which c a n n o t  connec t  to the  
exist ing grid d u e  to limited capaci ty .  

 React ions  in the  grid to t r ansmiss ion  line failures.  

The s t u d y  a n d  analysis  h a s  cons ide red  the  d e v e l o p m e n t  of the  Davvi  wind fa rm a n d  its impac t  on t h e  

c e n t r a l  grid (Transmiss ion  S y s t e m  Opera to r ,  TSO, ne tworks )  as well  as all  pe rmi t t ed  wind fa rms  in the  

F innmark  a r e a .  The s t u d y  h a s  n o t  inves t iga ted  cos t s  or losses  in the  t r ansmiss ion  grid. 
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2 B A S I S  FOR THE W O R K  

This c h a p t e r  descr ibes  the  basis  for  the  work including me thodo logy ,  precondi t ions ,  l imitations, as well  

as descr ip t ion of the  des ign  of the  a s s u m e d  grid 2 0 2 5 .  

2 . 1  M e t h o d o l o g y  

The following me thodo logy  was  e m p l o y e d  for the  project :  

 Collect a n d  validate d a t a  bo th  f rom e m p l o y e r  a n d  TSOs in Norway a n d  S w e d e n .  

 Build a unified m o d e l  of the  exist ing s y s t e m  as of 2 0 1 8 .  If a n y  d a t a  t h a t  is d e e m e d  n e c e s s a r y  for 

t h e  resul t s  is una t t a inab le  by DNV GL, t h e n  es t ima t ions  a r e  u s e d .  The p rog ram P S S / E  vers ion 34 

w a s  u s e d  for all  s imula t ions .  

 C rea t e  a re fe rence  ca se  similar to the  o n e  ana lyzed  by S t a t n e t t  in the i r  repor t  «Vindkraft i Øst- 
Finnmark», and compare results. 

 Ident i fy p o w e r  lines, loads a n d  product ion plants  t h a t  will be built unt i l  2 0 2 5  a n d  will h a v e  an 

i m p a c t  on the  resul t  of this project .  

 Add the  findings from the  previous p o s t  to the  m o d e l  according to the  b e s t  of knowledge as of 

2 0 1 9  in o r d e r  to c r ea t e  an e s t i m a t e d  m o d e l  of the  p o w e r  s y s t e m ,  with loads a n d  product ion,  h o w  

it will look like in 2 0 2 5 .  This will be u s e d  as a re fe rence  ca se .  

 Analyze the  c r e a t e d  m o d e l  a n d  identify bot t lenecks  a n d  po ten t i a l  w e a k  cross  sec t ions .  

 Run t e s t s  for  different  load scenar ios .  

 S e t  up different  scenar ios  to be t e s t e d  according to t h e  (N-1)  a n d  ( N - 1 - 1 )  principle. 

2 . 2  T e c h n i c a l  p r e c o n d i t i o n s  

 A precondit ion for all  analysis  conduc ted  as p a r t  of the  s t udy ,  is t h a t  t h e  420  kV p o w e r  line 

“Arctic circle” Ska id i  (NOR) – Varange rbo tn  (NOR) – Vajukoskki  (FIN) is e s t ab l i shed  at the  t ime 

of connec t ing  Davvi  WPP. 

 For the  s t u d y ,  the  single Point of Connect ion for Davvi  WPP a n d  a single grid connect ion  solut ion 

h a s  b e e n  a s s u m e d :  Connect ing  to the  420  kV s ide  of Adamselv  ( a n  exist ing 1 3 2  kV s ta t ion  t h a t  

is likely included in the  4 2 0  kV “Arctic circle”). 

 Es t ima ted  cons t ruc t ion  p h a s e  for Davvi  wind farm 2 0 2 5 - 2 0 3 0 ,  a n d  g e n e r a l  grid d e v e l o p m e n t  

leve l  2 0 2 5  h a s  b e e n  a s s u m e d  for  the  s tudy .  

 The s t u d y  h a s  cons idered  exist ing p o w e r  plants  in the  s y s t e m ,  a n d  included n e w  ( l icensed)  WPP 

in Troms a n d  F innmark  Norway. 

 All d a t a  u s e d  for  the  s t u d y  was  provided by the  TSOs, the  employe r ,  t a k e n  from o p e n  sou rces ,  or 

e s t i m a t e d  by DNV GL. 
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2 . 3  L i m i t a t i o n s  

The focus of the  s t u d y  h a s  b e e n  on t ransmiss ion  s y s t e m  capac i ty  a n d  t ransmiss ion  s y s t e m  opera t ion .  

Detai led analysis  of WPP pe r fo rmance  b a s e d  on specific p a r a m e t e r s / i n t e r n a l  grid c o m p o n e n t s ,  e t c . ,  w e r e  

n o t  conduc ted  unless  strictly n e c e s s a r y  to clarify the  a s p e c t s  of t h e  t ransmiss ion  grid capaci ty .  This 

s t u d y  h a s  ana lyzed  a s t e a d y  s t a t e  scenar io  a n d  ha s  no t  done  a dynamic  model ing or cons idered  angle  or 

f r equency  stability. 

DNV GL h a s  for this s t u d y  a s s u m e d  tha t :  

 Davvi  WPP will be equ ipped  with sufficient technica l  capabilit ies of t h e  wind p o w e r  p lant  (like FRT 

capabili t ies,  react ive p o w e r  capabili t ies,  SC rat ing,  protect ion,  b r e a k e r  functionality,  e t c . )  to 

m e e t :  

o Needs  identified in the  p r e s e n t  s t u d y .  

o Norma l  grid compliance r e q u i r e m e n t s  for WPPs ( a s  specified in Regulat ions (FEF/FoL) 

a n d  TSO r e q u i r e m e n t s  (FIKS2012 in Norway))  

 The d y n a m i c  proper t ies  a n d  harmonic/f l icker  contr ibut ion from Davvi  WPP Harmonic  / THD h a s  

b e e n  similar  or supe r io r  to the  c u r r e n t  s t a t e  of a r t  WTG techno logy  of today .  

 A simplified m o d e l  of the  wind p o w e r  p lant  was  u sed .  

 No specific de ta i led  s tud ies  or a s s e s s m e n t s  of c o n s e q u e n c e s  in DNO ne tworks  ( < 1 3 2  kV) were  

conduc ted .  

 Only c o m p o n e n t s  t h a t  a r e  p a r t  of the  t r ansmiss ion  grid in Finnmark,  Troms,  no r the rn  Nordland,  

SE1 a n d  n o r t h e r n  Finland were  s u b j e c t  to analys is .  

2 . 4  D a t a  

A grid m o d e l  of the  Norwegian high vol tage p o w e r  s y s t e m  was  provided from the  TSO S t a t n e t t  in the  

form of a P S S / E  m o d e l  on t h e  6 th of D e c e m b e r  2 0 1 8 .  A grid m o d e l  of t h e  Swed i sh  high vol tage p o w e r  

s y s t e m  was  provided f rom the  TSO S v e n s k a  Kraf tnät  in the  form of a P S S / E  m o d e l  on the  6 th of 

D e c e m b e r .  The Finnish TSO Fingrid did n o t  provide a n y  m o d e l  of the i r  p o w e r  s y s t e m  as “the p lanned  

connec t ion  point  is in Norway a n d  S t a t n e t t  will be the  con tac t  point  regard ing  the  connect ion  of the  wind 

p a r k . ”  Fu r the rmore ,  Fingrid thinks t h a t  t h e  responsibil i ty of the  ma in  grid d e v e l o p m e n t  a n d  c r o s s - b o r d e r  

connec t ion  s tud ies  a r e  with t h e  TSOs” (Karlsson & Uusitalo, 2 0 1 8 ) .  

The Finnish grid h a s  b e e n  r e p r e s e n t e d  by a couple of b u s e s  on the  bo rde r  to the  Swed i sh  a n d  Norwegian 

grid,  as well as an equ iva len t  t h a t  was  provided in the  m o d e l  received by S v e n s k a  Kraftnät .  The 

connect ions  in t h e  Finnish grid c a n  be s e e n  in Figure 4. 
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F i g u r e  4: The b u s e s  a n d  connect ions  in Finland as received from S v e n s k a  Kraftnät .  The 4 2 0  kV line f rom 
Varange rbo tn  to the  Finland equiva lent ,  a n d  o n e  of the  4 2 0  kV lines ( t h e r e  a r e  now two)  from Keminmaa  

to S w e d e n  was  a d d e d  by DNV GL. 

2 . 5  S e t u p  of t h e  P S S / E  g r i d  m o d e l  f o r  t h e  e x i s t i n g  g r i d  

Both the  grid of Norway from S t a t n e t t  a n d  the  grid of S w e d e n  from S v e n s k a  Kraf tnät  were  high load 

c a s e s  a n d  w e r e  solvable with a full Newton-Raphson  m e t h o d ,  h o w e v e r  n o t  from flat s t a r t .  Both models  

con ta ined  8 b o r d e r  b u s e s  t h a t  symbolized the  borders  b e t w e e n  t h e  t h r ee  countr ies  (7 b e t w e e n  S w e d e n  

a n d  Norway a n d  1 b e t w e e n  Norway a n d  Finland) where  t h e  lines cross  the  borders  in reality. The b u s e s  

h a d  the  s a m e  n u m b e r s  a n d  were  connec t ed  to t h e  s a m e  b u s e s  on e a c h  side for e v e r y  ins tance  e x c e p t  for 

o n e ,  which could be solved easily.  

The m o d e l  of Norway h a d  a load equ iva len t  connec t ed  to e v e r y  bo rde r  bus  t h a t  symbol ized  the  flow in 

a n d  o u t  of the  coun t ry  for t h a t  par t icular  bo rde r  line. The m o d e l  of S w e d e n  con ta ined  d u m m y  ne t s  of 

bo th  Finland a n d  Norway t h a t  worked  as equiva len ts  for t h o s e  grids.  When  the  two grid models  were  

m e r g e d ,  a l l  b u s e s  in Norway in the  Swed i sh  m o d e l  were  de l e t ed ,  a n d  the  bo rde r  b u s e s  were  u s e d  as 

interface b e t w e e n  the  two s y s t e m s .  Load equiva len ts  for the  flows a s s u m e d  in the  different  models  were  

i m p l e m e n t e d  for  the  two models  to co r r e spond  to the  p o w e r  flow a c r o s s  the  borders .  

2 . 6  S t a t n e t t  2 0 2 5  r e f e r e n c e  c a s e  

The c a s e  t h a t  w a s  inves t iga ted  as comparab le  to the  possible fu ture  c a s e  in Finnmark,  is a c a s e  where  

t h e  4 2 0  kV line from Balsfjord to Ska id i  is built ( s e e  Table 2 for informat ion regard ing  this line), a n d  t h a t  

t h e  wind f a rms  with respect ive  p o w e r  as s e e n  in Table 1 a r e  installed. The c a s e  t a k e s  place 2 0 2 5  a n d  

d o e s  n o t  include the  420  kV line Ska id i  – Varange rbo tn  – Pirttikoski n o r  Davvi  WPP. This c a s e  d o e s  n o t  

include the  420  kV b e t w e e n  Jokkmokk  a n d  Messaure  e i t he r  as t h e  c a s e  only inves t iga ted  the  grid in 

F innmark  a n d  Troms.  
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W i n d  f a r m  I n s t a l l e d  p o w e r  t o d a y  MW I n s t a l l e d  p o w e r  2 0 2 5  MW 

H a m n e f j e l l  5 1 . 7 5  5 1 . 7 5  

R a k k o c e a r r o  1 45 45 

R a k k o c e a r r o  2 Under  cons t ruc t ion  50 

K j ø l l e f j o r d  39 .1  39 .1  

H a v ø y g a v l e n  4 0 . 5  4 0 . 5  

D ø n n e s f j o r d  Under  cons t ruc t ion  1 4 . 1  

F a k k e n  54 54 

Kv i t f j e l l  Under  cons t ruc t ion  1 9 7 . 4  

R a u d f j e l l  Under  cons t ruc t ion  84 

N y g å r d s f j e l l e t  3 2 . 2  3 2 . 2  

A n d m y r a n  1 0 0  

Å n s t a d b l å h e i a  5 0 . 4  5 0 . 4  

T a b l e  1: Wind p o w e r  in F innmark  in a po ten t i a l  fu ture  scenar io  t h a t  is d e e m e d  possible by S t a t n e t t  p e r  
the i r  r epor t  «Vindkraft i Øs t -F innmark»  where  a 4 2 0  kV line is built to Skaidi,  b u t  no t  to Varangerbo tn .  

Since t h e  r epor t  did n o t  s t a t e  which (N-1)  scenar ios  were  t e s t e d  this s t u d y  did n o t  ca r ry  o u t  a n y  s u c h  

scenar ios .  

2 . 7  2 0 2 5  R e f e r e n c e  c a s e  

In o r d e r  to do analysis  on how Davvi  will affect  the  t r ansmiss ion  grid in 2 0 2 5 ,  a 2 0 2 5  re fe rence  ca se  was  

built. This c a s e  was  k e p t  as alike t h e  received grids as possible,  with the  addi t ion of lines a n d  wind 

p o w e r  t h a t  were  cons idered  to be built by 2025  a n d  h a v e  an impac t  on Davvi’s in teract ion with the  

t r ansmiss ion  grid. In this chap t e r ,  all  lines a n d  p o w e r  product ion t h a t  were  a d d e d  a r e  descr ibed ,  a n d  

t h e y  were  a d d e d  to the  m o d e l  of t h e  exist ing grid t h a t  we c r e a t e d  by connect ing  the  received grids from 

S t a t n e t t  a n d  S v e n s k a  Kraf tnät  descr ibed  in sec t ion  2 .5 .  All o t h e r  scenar ios  ana lyzed  la te r  were  b a s e d  on 

this 2 0 2 5  re fe rence  ca se .  

2 .7 .1  P lanned  grid d e v e l o p m e n t s  

The p o w e r  lines listed in Table 2 have  b e e n  identified as being cons idered  for cons t ruc t ion  by t h e  

Norwegian,  Swed i sh  or Finnish TSOs, a n d  h a v e  b e e n  d e e m e d  as potential ly impor t an t  for this project .  

S e e  a l so  Figure 5 for location of listed p o w e r  lines. 
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O b j e c t  C o m m e n t  

4 2 0  kV p o w e r  line Balsfjord (NOR) – 

Ska id i  (NOR) 

S t a t n e t t  is ex tend ing  t h e  exist ing 4 2 0  kV grid in Norway a n d  

S w e d e n  up into F innmark  by building a 4 2 0  kV line b e t w e e n  

Balsfjord a n d  Skaidi.  This line is being built at the  m o m e n t ,  

(NVE 2, 2 0 1 8 )  a n d  DNV GL h a s  a s s u m e d  t h a t  this line will be 

comple t ed  by 2 0 2 5 .  

The 4 2 0  kV p o w e r  line “Arctic circle” 

Ska id i  (NOR) – Varange rbo tn  (NOR) 

– Vajukoskki  (FIN) 

This p o w e r  line will be indispensable  for the  pro jec t  Davvi  WPP, 

a n d  the  whole pro jec t  is d e p e n d e n t  on it being built. DNV GL 

has  a s s u m e d  t h a t  this line will be built by 2 0 2 5 ,  a n d  t h e  

Norwegian p a r t  h a s  b e e n  notified (Skaid i  – Varange rbo tn )  

(NVE 3, 2 0 1 8 ) .  According to an analysis  done  1 3 . 0 3 . 2 0 1 8  by 

S t a t n e t t ,  t he  p a r t  of the  line S t a t n e t t  would be responsible  for, 

(Skaid i  – Varange rbo tn )  would n o t  be socio economical ly 

profitable b a s e d  on the  information at the  t ime of the  repor t .  If 

the  line is n o t  built, t h e n  m a n y  of the  wind f a rms  in t h e  a r e a  

t h a t  h a v e  a l r eady  b e e n  g r a n t e d  concess ion  will n o t  be ab le  to 

be built, as t he r e  is n o t  e n o u g h  capac i ty  in t h e  grid ( S t a t n e t t ,  

2 0 1 8 ) .  S t a t n e t t  ha s  applied for concess ion  for a s t r e n g t h e n i n g  

of the  1 3 2  kV line from Lakselv a n d  nor th ,  b u t  this analysis  

ha s  n o t  t a k e n  into a c c o u n t  a n y  u p g r a d e s  on t h a t  line. 

It is still u n s u r e  if the  p a r t  of the  line b e t w e e n  Ska id i  a n d  

Varange rbo tn  will be built, b u t  for this analysis  it is a s s u m e d  

t h a t  this line is built by 2 0 2 5 .  

4 2 0  kV p o w e r  line Varange rbo tn  

(NOR) – Pirttikoski (FIN) 

The n o r t h e r n  e n d  for the  4 2 0  kV n e t  in Finland is Pirttikoski, 

a n d  the  c u r r e n t  line b e t w e e n  Pirttikoski a n d  Varange rbo tn  is 

2 2 0  kV. Fingrid’s official s t a t e m e n t  for t h e  d e v e l o p m e n t  plans 

for the  no r the rn  region is: 

“The possibility of increas ing t h e  c u r r e n t  t r ansmiss ion  capac i ty  

b e t w e e n  n o r t h e r n  Finland a n d  no r the rn  Norway by m e a n s  of a 

t r ansmiss ion  line b e t w e e n  Pirttikoski a n d  Varangerbo tn  h a s  

b e e n  reviewed,  b u t  invest igat ions  cur ren t ly  r e m a i n  on a 

c o n c e p t u a l  level  only. The possible n e e d  for t r ansmiss ion  

capac i ty  is a s soc i a t ed  with the  fact  t h a t  t h e  oil indus t ry  in 

n o r t h e r n  Norway is e x p e c t e d  to have  a g r e a t e r  n e e d  for 

electricity a n d  to utilize t h e  ou t s t and ing  wind gene ra t i on  

po ten t i a l  in the  region.  Fingrid is prepar ing  for fu ture  

t r ansmiss ion  n e e d s  by invest igat ing the  rou t e  for t h e  requi red  

n e w  t ransmiss ion  line. Fingrid’s a im is to m a r k  t h e  indicative 

t r ansmiss ion  line on the  pending reg iona l  land u s e  plan for 

n o r t h e r n  Lapland.”,  (Fingrid) p .30 .  

As the  p o w e r  t r ansmiss ion  s o u t h  is of critical impor tance  for 

Davvi  wind f a rm,  a n d  this line is a precondit ion for the  f a rm to 

be built, it h a s  b e e n  a s s u m e d  t h a t  it is built for  all  analys is .  As 

Pirttikoski d o e s  no t  exis t  as a bus  in t h e  received mode ls ,  t h e  
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line h a s  b e e n  d r a w n  b e t w e e n  Varangerbo tn  a n d  the  Finnish 

equ iva len t  bus .  

Power  line b e t w e e n  Jokkmokk  (SWE) 

a n d  Keminmaa  (FIN) 8 0 0  MW 

(Messaure  – Keminmaa  – 

Pyhänse lkä )  

Planned to be in use  by the  e n d  of 2 0 2 5  (Fingrid). DNV GL h a s  

a s s u m e d  t h a t  this line will be built by 2 0 2 5 .  As Pyhänselkä  

d o e s  no t  ex is t  as a bus  in the  received mode ls ,  the  line h a s  

b e e n  d r a w n  from Messaure  to Keminmaa .  Keminmaa  w a s  

a l r e a d y  connec t ed  to t h e  Finnish equ iva len t  bus .  

4 0 0  kV Power  line “The Fores t  Line” 

b e t w e e n  Oulu (FIN) a n d  P e t ä j ä v e s i  

(FIN) 7 0 0  MW 

This line is p l anned  to be finished by 2 0 2 2 ,  a n d  will help  t h e  

t r ansmiss ion  s o u t h  in Finland (Fingrid, 2 0 1 7 ) .  As DNV GL did 

no t  receive the  Finnish n e t  from Fingrid, we did n o t  include this 

line in t h e  mode l .  

Kvarken DC line from Vaasa  (FIN) 

ac ros s  Kvarken to S w e d e n  8 0 0  MW 

As one  of the  DC lines b e t w e e n  Finland a n d  S w e d e n  will s o o n  

r each  its e n d  of opera t ion ,  a n e w  DC line is p l anned  t h a t  will 

be finished at t h e  e n d  of 2 0 2 0 s  (Fingrid, 2 0 1 7 ) .  As this line is 

so f a r  f rom being finished,  a n d  is f a r  a w a y  from Davvi, DNV GL 

has  n o t  included this line in t h e  model .  

T a b l e  2: Identif ied p o w e r  lines t h a t  a r e  p lanned  to be cons t ruc t ed  a n d  will have  an impac t  on Davvi  
wind f a rm .  
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F i g u r e  5: The t ransmiss ion  grid in the  Nordic a n d  Baltic countr ies  ( S v e n s k a  K r a f t n ä t ,  2 0 1 3 ) ,  w h e r e  
t h e  k e y  points for this p ro jec t  have  b e e n  pointed  o u t  by DNV GL. 

For the  4 2 0  kV lines t h a t  were  a d d e d  to the  model ,  it was  a s s u m e d  t h a t  t h e s e  would go paral le l  a n d  use  

t h e  s a m e  p o w e r  line corr idor  as the  1 3 2  kV lines a n d  2 2 0  kV lines t h a t  t h e y  a r e  s u p p o s e d  to relieve or 

replace .  In o r d e r  to ra t ings  a n d  i m p e d a n c e  values  for the  lines, va lues  f rom lines close to where  the  lines 

were  to be built were  u s e d  as re fe rences .  

Buses  cor responding  to all  t h e  ma in  connect ions  on the  1 3 2  kV a n d  2 2 0  kV lines were  a d d e d ,  b u t  

t r ans fo rmer s  to t h e  1 3 2  kV a n d  2 2 0  kV s ta t ions  were  a d d e d  in Lakselv, a n d  where  the  t o t a l  installed 

p o w e r  of the  n e a r b y  product ion e x c e e d e d  1 0 0  MW. In Table 3 all  the  b u s e s  b e t w e e n  Balsfjord a n d  

Varange rbo tn  a r e  listed, a n d  the  connec t ed  t o t a l  installed power  in MW by 2 0 2 5 .  According to the  

principle expla ined  ear l ier  only Skaidi,  Adamselv  a n d  Varange rbo tn  will h a v e  t r ans fo rmat ion  f rom the  

4 2 0  kV level  to the  1 3 2  kV grid. 
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S t a t ion  Total  installed p o w e r  MW a f t e r  a d d e d  p lanned  

product ion 2 0 2 5  

S k i b o t n  8 0 . 5  

G o u l a s j å k k a  8 5 . 2  

N o r d r e i s a  10 

K v æ n a n g e n  80 

Al ta  62 

S k a i d i  362 .1  

L a k s e l v  1 . 6  

D a v v i  8 0 0  

A d a m s e l v  9 5 . 5  

V a r a n g e r b o t n  3 9 9 . 2  

T a b l e  3: Buses  b e t w e e n  Balsfjord a n d  Varange rbo tn  a n d  the  t o t a l  installed gene ra t i on  connec t ed  to 
t h e m .  

When  the  line b e t w e e n  Balsfjord a n d  Varange rbo tn  was  a d d e d  to the  model ,  the  vol tage on the  b u s e s  

were  m o r e  t h a n  1 . 1  p e r  unit  of b a s e  vol tage ,  which is too high. This is n o r m a l  for n e w  lines as t h e y  t e n d  

to n o t  be heavily loaded.  To c o m p e n s a t e  for this, two reac to rs  were  a d d e d  to the  bus  Ska id i  a n d  

Varange rbo tn  in form of switchable  s h u n t  reac tors  of 2 0 0  Mvar (in 2 s t e p s  of 1 0 0  Mvar) a n d  1 0 0  Mvar 

respect ively.  

The line t h a t  w a s  a d d e d  in Finland a long the  2 2 0  kV line w a s  connec t ed  directly to t h e  Finnish equ iva len t  

bus  as no b u s e s  ex i s ted  a long  the  way  in the  received grid. 

2 . 7 . 2  P lanned  product ion d e v e l o p m e n t s  

All wind p o w e r  f a rms  t h a t  h a v e  b e e n  built, a r e  be ing  built or have  b e e n  given concess ion ,  within a 4 0 0 -  

km radius f rom the  Davvi  wind p o w e r  fa rm in the  NVE m a p  tool, a r e  listed in Table 4. All t h e s e  a r e  

e x p e c t e d  to be built, or still ex is t  in 2 0 2 5  a n d  a r e  there fore  kep t ,  a d j u s t e d  or a d d e d  to t h e  m o d e l  p e r  the  

client. Existing hydro  power  is a s s u m e d  to no t  be sub j ec t  to dismant l ing,  a n d  no hydro  p o w e r  is a s s u m e d  

to be built. As a compar i son ,  t h e  p o w e r  a s s u m e d  for t h e  S t a t n e t t  re fe rence  c a s e  from Table 1 is included 

in this table  as well. 
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N a m e  Instal led 

p o w e r  MW 

S t a t n e t t  

re fe rence  

c a s e  MW 

Planned  

p o w e r  2 0 2 5  

MW 

S t a t u s  Grid s t a t u s  

H a m n e f j e l l  

V i n d k r a f t v e r k  

5 1 . 7 5  5 1 . 7 5  1 2 0  Drift In received 

grid,  

modified 

R a k k o c e a r r o  

( R a g g o v i d d a )  

v i n d k r a f t v e r k  

45 45 45 Drift In received 

grid 

R a k k o c e a r r o  

( R a g g o v i d d a )  

v i n d k r a f t v e r k  

T r i n n  2 

- 50 1 5 5  Added 

K j ø l l e f j o r d  

v i n d k r a f t v e r k  

39.1  39 .1  39.1  Drift In received 

grid 

H a v ø y g a v l e n  

v i n d k r a f t v e r k  

40 .5  40 .5  45 Drift In received 

grid 

D a v v i  - - 8 0 0  Melding Added 

D ø n n e s f j o r d  

v i n d k r a f t v e r k  

- 1 4 . 1  1 4 . 1  Under  a rbe id  Added 

F a k k e n  

v i n d k r a f t v e r k  

54 54 54 Drift In received 

grid 

Kv i t f j e l l  

v i n d k r a f t v e r k  

- 1 9 7 . 4  1 9 7 . 4  Under  a rbe id  Added 

R a u d f j e l l  

v i n d k r a f t v e r k  

- 84 84 Under  a rbe id  Added 

N y g å r d s f j e l l e t  

v i n d k r a f t v e r k  

t r i n n  2 

3 2 . 2  3 2 . 2  3 2 . 2  Drift In received 

grid 

A n d m y r a n  

v i n d k r a f t v e r k  

- 1 0 0  1 0 0  Konses jon  gi t t  Added 

Å n s t a b l å h e i a  5 0 . 4  5 0 . 4  5 0 . 4  Drift Added 

S u m  3 1 2 . 9 5  7 5 8 . 4 5  1 7 3 6 . 2  

T a b l e  4: Wind f a rms  t h a t  a l r e a d y  exis t  n e a r b y  Davvi, a r e  p lanned  or will be built n e a r b y  Davvi  before 
2 0 2 5 .  
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The following wind f a rms  ha s  b e e n  recognized as po ten t i a l  wind f a rms  to be built, b u t  h a v e  n o t  b e e n  

included in t h e  2 0 2 5  re fe rence  c a s e  b e c a u s e  t h e y  h a v e  b e e n  inactive for s o m e  t ime a n d / o r  have  no t  

c o m e  as f a r  in the  p rocess  as Davvi  a n d  have  therefore  b e e n  a s s u m e d  unlikely to be built by 2 0 2 5 :  

Borealis,  Digermulen,  Laksef jorden,  Sk jø tn ingsberg ,  Nordkyn,  Bjørnevatn ,  Snef jord ,  Maurnese t  a n d  

Kroken. S a n d h a u g e n  t e s t s t a s j o n  lost its concess ion  a n d  w a s  there fore  n o t  included e i ther .  

Most of the  wind f a rms  t h a t  a r e  a l r e a d y  in opera t ion  were  p r e s e n t  in the  grid received from S t a t n e t t ,  a n d  

t h e  r e s t  w e r e  a d d e d  at the  m o s t  appropr i a t e  bus  d e p e n d i n g  on their  geograph ica l  position. Both 

Hamnef je l l  a n d  Raggovidda which h a d  a significant increase  in the i r  installed p o w e r  were  m o v e d  in t h e  

m o d e l  to be directly connec t ed  to t h e  4 0 0  kV bus  as t h e  reg iona l  n e t  could n o t  hand le  t h e  t r ansmiss ion  

of i nc reased  power .  It was  a s s u m e d  t h a t  in c a s e  the  parks  were  e x t e n d e d  the  reg iona l  n e t  would be 

reinforced to hand le  t h e  inc reased  power .  

Raggovidda p h a s e  2 with 50 MW was  n o t  p r e s e n t  in NVE b u t  a d d e d  on r e q u e s t  from t h e  c u s t o m e r .  

P lanned  installed p o w e r  for t h e  different  wind f a r m s  h a v e  b e e n  u p d a t e d  as p e r  informat ion from the  

c u s t o m e r .  For all  a d d e d  wind f a r m s ,  a react ive capabil i ty in o r d e r  to ach ieve  P F = + / - 0 . 9 5  at PCC w a s  

a s s u m e d .  For the  2 0 2 5  reference  c a s e ,  all  wind f a rms  were  producing as t h e y  were  in the  received grid 

for t h e  wind f a rms  a l r e a d y  p r e s e n t .  All a d d e d  wind fa rms  were  s e t  to p roduce  a r o u n d  8 0 %  of the i r  

m a x i m u m  capac i ty  a n d  Davvi  was  producing m a x i m u m  installed power .  

1 9 0 0  MW wind p o w e r  a n d  1 2 0 0  MW nuc lea r  p o w e r  is p l anned  to be built a n d  c o n n e c t e d  to the  grid in 

mid Finland [ 5 ] .  Since DNV GL did no t  receive t h e  Finnish grid from Fingrid this product ion h a s  n o t  b e e n  

included in t h e  m o d e l  as it is a s s u m e d  t h a t  t h e  impac t  f rom t h e s e  installat ions will be hand led  in the  

Finnish grid. 

As t h e  n e w  wind f a r m s  were  c o n n e c t e d  to the  grid,  the  overa l l  p o w e r  in t h e  s y s t e m  inc reased .  To 

c o m p e n s a t e ,  the  p o w e r  product ion from t e n  large hydro  p o w e r  plants  was  d e c r e a s e d .  The p o w e r  plants  

were  c h o s e n  so t h a t  the  t r ansmiss ion  n e t  would be minimally loaded.  To regu la te  d o w n  the  g e n e r a t i o n  

on the  n e t  in reality, o n e  g e n e r a t o r  is t u r n e d  off r a t h e r  t h a n  lowering the  gene ra t i on  on s e v e r a l  

g e n e r a t o r s  as you w a n t  e v e r y  g e n e r a t o r  t h a t  is running to r u n  on its h ighes t  efficiency r a t e .  For this 

analysis  howeve r ,  we have  simplified the  p rocedure s  to reduce  gene ra t i on  r a t h e r  t h a n  turn ing  off 

g e n e r a t o r s .  

2 . 8  C o n n e c t i o n  D a v v i  w i n d  f a r m  to A d a m s e l v  

The grid connect ion  from Davvi  wind fa rm will be on the  420  kV line b e t w e e n  Lakselv a n d  Adamselv ,  s e e  

Figure 3. The line from Lakselv is p lanned  to go s o u t h  e a s t  d o w n  to Davvi,  a n d  t h e n  up no r th  e a s t  aga in  

to Adamselv.  Davvi  WPP will h a v e  an in te rna l  grid with a vol tage of 33 kV ( G r e n s e l a n d e t  AS, 2 0 1 7 ) .  

Davvi  will be directly connec t ed  to the  4 2 0  kV net .  
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3 ANALYSIS 

The analysis  of the  a s s u m e d  grid in 2 0 2 5  focused  on limit b reach ing  of t h e r m a l  limits of lines, a n d  

vol tage limits of buses .  Limit checks  were  d o n e  for different  scenar ios  a n d  different  line tr ips,  descr ibed  

in this c h a p t e r .  

3 . 1  L imi t s  t h a t  w e r e  i n v e s t i g a t e d  

For a l l  c a s e s ,  po ten t i a l  limit violations will be inves t iga ted .  Limits to cons ider  a r e :  

 Equ ipmen t  over load  ( b a s e d  on the  t h e r m a l  limits) in the  t r ansmiss ion  grid. 

 Under–  or overvo l tages  ( 4 2 0  kV, 2 2 0  kV a n d  1 3 2  kV b u s e s )  in the  t r ansmiss ion  grid. 

3 .1 .1  Limits for e q u i p m e n t  over load 

For e v e r y  line, 3 r a t e s  of m a x i m u m  MVA t h a t  is al lowed on the  lines a r e  specified.  The r a t e s  a r e  s e t  

accordingly for t h e  two s y s t e m s :  

S v e n s k a  Kraftnät:  

Rate  A: + 2 0  °C n o r m a l  opera t ion  including limiting devices  

Rate  B: + 2 0  °C e m e r g e n c y  opera t ion  including limiting devices  

Rate  C: + 2 0  °C n o r m a l  opera t ion  excluding limiting devices ,  i.e. solely t h e  capac i ty  of the  line 

This m e a n s  t h a t  all  3 r a t e s  a r e  s e t  for s u m m e r  t e m p e r a t u r e s  ( a s  the  a m b i e n t  t e m p e r a t u r e  r ises,  the  MVA 

capac i ty  of the  lines d e c r e a s e s ,  which m e a n s  t h a t  less load c a n  be t r an spo r t ed ) .  For this analysis ,  Rate A 

w a s  u s e d  as it is des i rable  to include the  limiting devices ,  typically located at the  e n d s  of t h e  line. In c a s e  

e q u i p m e n t  over load  would occur ,  scal ing b a s e d  on n u m b e r s  from S t a t n e t t  would be u s e d  to inves t iga te  if 

t h e  s a m e  scenar io  would work dur ing winter .  Par ts  of the  m o d e l  from S v e n s k a  Kraf tnät  t h a t  is no t  o w n e d  

by S v e n s k a  Kraf tnät  ( lower  vol tage levels,  rad ia l  n e t )  u s e d  the  following s y s t e m  for t h e  r a t e s :  

Rate  A: x °C winter ,  n o r m a l  opera t ion  

Rate  B: x °C winter ,  e m e r g e n c y  ope ra t ion  

Rate  C: x °C s u m m e r ,  n o r m a l  ope ra t ion  

There  a r e  s e v e r a l  different  grid owne r s  in S w e d e n ,  a n d  t h e y  u s e  slightly different  line t e m p e r a t u r e s  for 

t h e  different  r a t e s .  

S t a t n e t t :  

Rate  A: 0 °C n o r m a l  opera t ion  including limiting devices  

Rate  B: + 1 0  °C n o r m a l  opera t ion  including limiting devices  

Rate  C: + 2 0  °C n o r m a l  opera t ion  including limiting devices  
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For the  lines in Norway, Rate C w a s  u s e d  as it r e p r e s e n t s  s u m m e r  dur ing  n o r m a l  opera t ion  including 

limiting devices .  The power  limit dur ing  s u m m e r  is lower  t h a n  it is for winter ,  why  it is m o s t  in te res t ing  

to look at t h a t  limit. 

For the  pa r t s  of the  grid received from S t a t n e t t  t h a t  is n o t  o w n e d  by S t a t n e t t ,  it was  a s s u m e d  t h a t  t h e y  

u s e  the  s a m e  s y s t e m  as S t a t n e t t  to s e t  the i r  r a t e s .  

In the  models  rece ived,  s e v e r a l  lines were  ove r loaded  a l ready .  The lines t h a t  were  ove r loaded  were  in 

t h e  distr ibution s y s t e m ,  a n d  t h e s e  lines a r e  n o t  o w n e d  by the  TSOs a n d  t h e y  a r e  n o t  of i n t e re s t  in this 

analys is .  Only over loading of t ransmiss ion  grid lines in SE1 a n d  nor th  were  cons idered  in this analys is .  

3 . 1 . 2  Limits for u n d e r -  or overvo l t ages  

All b u s e s  have  s e t  m a x i m u m  a n d  min imum allowed vol tages  bo th  for n o r m a l  a n d  e m e r g e n c y  opera t ion .  

These  va ry  typically b e t w e e n  0 .9 -1 .1  p e r  uni t  of b a s e  vol tage ,  b u t  d e p e n d i n g  on w h a t  is connec t ed  to 

t h e  bus  the  limits c a n  be s e t  differently, as s o m e  b u s e s  a r e  m o r e  sensi t ive  to varying vol tages .  In the  

c a s e s  received from b o t h  S t a t n e t t  a n d  S v e n s k a  Kraf tnät ,  s o m e  b u s e s  h a d  h igher  or lower  vol tage levels 

t h a n  the i r  n o r m a l  a n d  e m e r g e n c y  opera t ions  limits. It is a s s u m e d  t h a t  this was  tolerable a n d  a list of 

t h o s e  b u s e s  a n d  their  limits were  kept .  Only breach ing  of limits of b u s e s  of the  following b u s e s  were  

cons ide red  in this analysis :  all  1 3 2  kV a n d  h igher  b u s e s  in Finnmark,  Troms a n d  no r the rn  pa r t s  of 

Nordland; t h e  4 2 0  kV b u s e s  a long  t h e  t r ansmiss ion  line from Ofoten d o w n  in SE1 (Har sp rånge t ,  Ligga 

e t c . ) ;  a l l  4 2 0  kV b u s e s  in Finland. 

3 . 2  S c e n a r i o s  t h a t  w e r e  i n v e s t i g a t e d  

4 scenar ios  were  s tud ied .  All scenar ios  a re  descr ibed  in the  subsec t ions  below. 

3 .2 .1  2 0 2 5  re fe rence  c a s e  

The m o d e l  t h a t  was  built a n d  u s e d  as a re fe rence  ca se  r e p r e s e n t e d  h o w  t h e  n e t  in F innmark  a n d  

n o r t h e r n  Nordics would look like in 2 0 2 5 .  The scenar io  h a d  high wind fa rm product ion a n d  high load,  

according to Table 5. This c a s e  was  u s e d  as a re fe rence  for a likely high load scenar io .  “Other  WPP” is 

referr ing to the  wind f a rms  inves t iga ted  in Table 4, a n d  were  the  o n e s  c h a n g e d  in the  different  

scenar ios .  This c a s e  did no t  c h a n g e  a n y  loads  or expor t s  from received n e t s  b u t  a d j u s t e d  the  hydro  

p o w e r  in o r d e r  to receive ba lance  in the  n e t .  
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D a v v i  W P P  

p r o d u c t i o n  

[ M W ]  

V o l t a g e  

l e v e l  D a v v i  

PCC [ p u ]  

O t h e r  W P P s  

p r o d u c t i o n  

[ M W ]  

O t h e r  

p r o d u c t i o n  

( h y d r o )  

L o a d  

F i n n m a r k  

E x p o r t  L o a d  

n e t  

8 0 0  ( m a x )  1 . 0 1 7 5  As p e r  the  

rece ived  ne t ,  

or a r o u n d  

8 0 %  

Adjusted to fit 

t h e  scenar io  

High As p e r  

received 

n e t  

High 

T a b l e  5: Conditions for the  re fe rence  ca se .  

3 . 2 . 2  Maximum product ion ,  min imum local  load 

This scenar io  w a s  to inves t iga te  t h e  t r ansmiss ion  s y s t e m  bott le necks  using a s i tua t ion  with high 

product ion in the  no r th  t o g e t h e r  with high load in the  coun t ry  as well  as s o u t h e r n  pa r t s  ( e x p o r t  to 

Europe) ,  b u t  low load in the  n o r t h e r n  par t s .  It is b a s e d  on the  2 0 2 5  re fe rence  c a s e  with all  its a d d e d  

wind p o w e r  a n d  lines, b u t  c h a n g e d  loads a n d  product ion according to Table 6. 

In the  re fe rence  c a s e ,  the  hydro  p o w e r  w a s  a d j u s t e d  to c o m p e n s a t e  for h igher  product ion in the  nor th  

from wind power .  In this c a s e ,  t h e  hydro  p o w e r  t h a t  h a d  b e e n  r egu la t ed  d o w n  was  r e s to red  to the  

values  t h e y  h a d  in the  received mode ls ,  a n d  ins t ead  t h e  load on the  HVDC links s o u t h  was  a d j u s t e d  up 

to c o m p e n s a t e  for t h e  surp lus  of power .  

D a v v i  W P P  

p r o d u c t i o n  

[ M W ]  

V o l t a g e  

l e v e l  D a v v i  

PCC [ p u ]  

O t h e r  W P P s  

p r o d u c t i o n  

[ M W ]  

O t h e r  

p r o d u c t i o n  

( h y d r o )  

L o a d  

F i n n m a r k  

E x p o r t  L o a d  

n e t  

8 0 0  ( m a x )  1 . 0 1 7 5  Maximum High Minimum Adjusted 

to fit t he  

scenar io  

High 

T a b l e  6: Tes t  condit ions for scenar io  m a x i m u m  product ion,  min imum local load.  

3 . 2 . 3  Maximum product ion ,  m a x i m u m  load 

This c a s e  was  to inves t iga te  how t h e  t r ansmiss ion  s y s t e m  m a n a g e s  to hand le  the  n e w  flows d u e  to 

m a x i m u m  product ion from the  Davvi  wind f a rm,  a n d  m a x i m u m  load in t h e  ne t .  The vol tage level  at t h e  

point  of c o m m o n  coupling (PCC) will be s e t  to t h e  e x t r e m e  values  al lowed in t h e  grid codes .  S e e  Table 7 

for p a r a m e t e r s  for this ca se .  
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D a v v i  W P P  

p r o d u c t i o n  

[ M W ]  

V o l t a g e  

l e v e l  D a v v i  

PCC [ p u ]  

O t h e r  W P P s  

p r o d u c t i o n  

[ M W ]  

O t h e r  

p r o d u c t i o n  

( h y d r o )  

L o a d  

F i n n m a r k  

E x p o r t  L o a d  

n e t  

8 0 0  ( m a x )  1 . 0 1 7 5  Maximum High Maximum Adjusted 

to fit t he  

scenar io  

High 

T a b l e  7: Tes t  condit ions for scenar io  m a x i m u m  product ion,  m a x i m u m  load. 

3 . 2 . 4  Minimum local product ion ,  min imum local  load 

This c a s e  was  to inves t iga te  how t h e  vol tage levels in F innmark  will b e h a v e  with min imum local  p o w e r  

flows. The load in the  r e s t  of the  n e t  was  k e p t  high.  The vol tage level  at the  point  of c o m m o n  coupling 

(PCC) will be s e t  to the  e x t r e m e  va lues  al lowed in the  grid codes .  S e e  Table 8 for p a r a m e t e r s  for this 

c a s e .  

D a v v i  W P P  

p r o d u c t i o n  

[ M W ]  

V o l t a g e  

l e v e l  D a v v i  

PCC [ p u ]  

O t h e r  W P P s  

p r o d u c t i o n  

[ M W ]  

O t h e r  

p r o d u c t i o n  

( h y d r o )  

L o a d  

F i n n m a r k  

E x p o r t  L o a d  

n e t  

0 (min)  1 . 0 1 7 5  Minimum High Minimum Adjusted 

to fit t he  

scenar io  

High 

T a b l e  8: Tes t  condit ions for scenar io  min imum local product ion,  min imum local load.  

3 . 3  F a u l t s  t h a t  w e r e  a p p l i e d  

15 (N-1)  a n d  (N-1 -1 )  ( tr ip occurring in a s i tua t ion  a l r e a d y  s t r e s s e d  by for  e x a m p l e  m a i n t e n a n c e )  

s i tua t ions  will be s tud ied ,  as well  as Davvi  wind fa rm being t r ipped.  The faults a r e  as follows: 

 Trip 420  kV line Davvi  – Lakselv (N-1)  

 Trip 1 3 2  kV line Adamse lv  – Lakselv (N-1)  

 Trip 420  kV line Davvi  - Adamse lv  (N-1)  

 Trip 1 3 2  kV line Adamse lv  – Varange rbo tn  (N-1)  ( t h e r e  a r e  2 lines a n d  t h e s e  were  t r ipped 

individually) 

 Trip 420  kV line Davvi  – Lakselv, w h e n  4 2 0  kV line Davvi  - Adamse lv  is o u t  of service (N-1 -1 )  

 Trip 420  kV line Davvi  - Adamselv ,  w h e n  4 2 0  kV line Davvi  – Lakselv is o u t  of service (N-1 -1 )  
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 Trip 420  kV line just  no r th  of Ofoten  t h a t  is the  corridor to t h e  s o u t h  ( t h e r e  a r e  2 lines a n d  t h e s e  

were  t r ipped individually) 

 Trip 420  kV line just  s o u t h  of Ofoten 

 Trip 420  kV line b e t w e e n  Ritsem a n d  Vietas 

 Trip o n e  of the  4 2 0  kV lines t h a t  g o e s  f rom SE1 to SE2 ( t h e r e  a r e  4 lines a n d  t h e s e  w e r e  t r ipped 

individually) 

 Trip Davvi  wind fa rm 

The c a s e s  were  s tud ied  bo th  w h e n  t a p  c h a n g e r s  a n d  s h u n t  c o m p e n s a t i o n  were  deac t iva t ed  ( t o  s imula te  

a s i tua t ion  close in t ime to the  line trip) a n d  with t a p  c h a n g e r s  a n d  s h u n t  c o m p e n s a t i o n  ac t iva ted  (a 

s i tua t ion  w h e n  the  a u t o m a t i c  a d j u s t m e n t  of the  c o m p e n s a t i n g  e q u i p m e n t  h a v e  b e e n  m a d e ) .  S e e  

Figure 6 a n d  Figure 7 for clarification regard ing  the  posit ions of the  t r ipped lines. 

F i g u r e  6: Local lines a r o u n d  Davvi, blue is 4 2 0  kV a n d  g r e e n  1 3 2  kV or lower. 



DNV GL - Energy  – Repor t  No. 7 0 0 0 0 2 3 2 ,  Rev. 1 . 0  – w w w . d n v g l . c o m / e n e r g y  Page  22 

F i g u r e  7: A m a p  w h e r e  the  lines fu r the r  s o u t h  in Norway a n d  S w e d e n  t h a t  were  t r ipped a r e  poin ted  out .  

3 . 4  N e c e s s a r y  m e a s u r e s  

D e p e n d e n t  on the  load flow s tud ies  of the  c a s e s ,  with a n d  wi thout  line trips, n e c e s s a r y  m e a s u r e s  to 

increase  the  t r ansmiss ion  s y s t e m  capac i ty  will be identified. Po ten t ia l  mit igat ions could be s u g g e s t i o n  of 

c h a n g e d  s e t  points for  exist ing s h u n t  compensa t i on ,  n e e d  of addi t iona l  s h u n t  c o m p e n s a t i o n ,  

d isconnect ion  of lines or r e in fo rcement  of lines or t r ans fo rmers .  
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4 RESULTS AND D I S C U S S I O N  

Results  f rom the  different  analysis  descr ibed  in t h e  previous  chap t e r ,  as well  as t h e  compar i son  to 

S ta tne t t ’ s  re fe rence  c a s e  is descr ibed  in this chap te r .  

4 . 1  S t a t n e t t  r e f e r e n c e  c a s e  

O u r  findings a g r e e  with S ta tne t t ’ s  conclusion t h a t  vol tage limits will be m e t  before t h e r m a l  limits in lines. 

This s t u d y  also a g r e e s  with t h e  following s t a t e m e n t :  “Høy res i s t ans  og m y e  produks jon  i r eg iona lne t t e t  

fører  til høye s p e n n i n g e r  u te  ved v indkraf tverkene ,  samt id ig  s o m  s p e n n i n g e n  i Varange rbo tn  og 

Adamse lv  blir lav på g r u n n  av reakt ive t a p  i regional-  og t r an smi s jonsne t t e t .  Vindkraf tverkene h a r  

s p e n n i n g s r e g u l a t o r e r  og vil a rbe ide  for  å oppre t tho lde  normale  s p e n n i n g e r  lokalt, slik at reakt iv  

k o m p e n s e r i n g  i Varange rbo tn  kun  vil føre til t rans i t t  av reakt iv  effekt  fra Varange rbo tn  til 

v indkraf tverkene .  

De t t e  er et velkjent  problem ved  tilknytning av p roduks jon  på lavere  spenn ingsn ivå ,  typisk 22 kV, m e n  

på g r u n n  av kombinas jonen  av s m å  lednings tver rsn i t t  og s to re  a v s t a n d e r  s e r  vi d e t  s a m m e  på 

Varangerha lvøya”  ( S t a t n e t t ,  2 0 1 8 ) .  

We do n o t  h o w e v e r  s e e  the  s a m e  prob lems  with low vol tages  at h igh wind p o w e r  product ion,  b u t  it is 

unc l ea r  exac t ly  w h a t  vol tages  S t a t n e t t  expec t s  a n d  w h a t  react ive p o w e r  capac i ty  t h e y  require  from t h e  

wind f a r m s  as the  r epor t  is no t  detai led e n o u g h  for t h a t  compar i son .  This s t u d y  did n o t  ca r ry  o u t  a n y  

(N-1)  analysis  as it was  n o t  s t a t e d  in the  S t a t n e t t  r epor t  if, or which (N-1)  analysis  h a d  b e e n  carr ied o u t  

or w h a t  t h e  grid expec ta t ions  were  from t h a t .  

The analysis  found an over load  on the  reg iona l  line b e t w e e n  Håkøybotn  a n d  Kvaløya b e c a u s e  the  

installat ion of two n e w  wind f a rms  Kvitfjell a n d  Raudfjell. This line is being s t r e n g t h e n e d  at t h e  m o m e n t  

to app rox ima te ly  2 7 0  MVA a n d  would there fore  be able  to ca r ry  the  addi t iona l  p o w e r  in t h e  fu ture ,  if 

t h e s e  two wind f a rms  w e r e  built. This over load occur red  for  a l l  scenar ios ,  trips a n d  analysis  a n d  d o e s  no t  

h a v e  any th ing  to do with Davvi  or the  t r ansmiss ion  of p o w e r  sou th .  Since this line is be ing  s t r e n g t h e n e d ,  

this b reach ing  ha s  b e e n  omi t t ed  from all  l a te r  tab les  of resul ts .  S e e  Table 9 for detai ls  r ega rd ing  the  

over load  of t h e  reg iona l  line close to Håkøybotn .  

N e t w o r k  e q u i p m e n t  L imi t  v a l u e  MVA S i m u l a t e d  v a l u e  MVA N o t e  

1 3 2  kV line b e t w e e n  

Håkøybo tn  a n d  Kvaløya 

1 0 9 . 2  1 6 7 . 3  ( 1 5 3 . 2 % )  

T a b l e  9: Over load of line at Håkøybotn  b e c a u s e  of newly built Kvitfjell a n d  Raudfjell  WPP. 

4 . 2  2 0 2 5  r e f e r e n c e  c a s e  

The t r ansmiss ion  grid h a d  no i ssues  handl ing the  n e w  wind power .  The lines t h a t  h a d  b e e n  ove r loaded  in 

t h e  received n e t  were  still being over loaded  a n d  t h e y  were  left t h a t  way.  One  n e w  line in the  reg iona l  n e t  

w a s  ove r loaded  d u e  to the  a d d e d  wind p o w e r  in Finnmark,  which was  the  line cross ing t h e  b o r d e r  
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b e t w e e n  Sildvik a n d  T o r n e h a m n .  The line is s i t ua t ed  just nor th  of Ofoten,  s e e  Figure 7 for geograph ica l  

position. This 1 3 2  kV line cont inues  d o w n  in S w e d e n  a n d  helps with the  provision of electricity to s e v e r a l  

towns  a n d  villages in this a r e a ,  s u c h  as Kiruna for e x a m p l e .  S e e  Figure 8 for  a s c h e m a t i c  view of the  grid 

a r o u n d  the  line b e t w e e n  Norway a n d  S w e d e n  at Sildvik - T o r n e h a m n .  Power  flows from 4 2 0  kV to 

1 3 2  kV both  at Sildvik a n d  Porjus.  

One  of the  triple lines b e t w e e n  Kivaar a n d  Porjus g o e s  s t r a igh t  b u t  the  two o t h e r  ha s  s e v e r a l  b u s e s  a long  

t h e  w a y  which have  b e e n  left o u t  in this picture.  The connect ions  b e t w e e n  Kvanda l  a n d  Sildvik, as well  

as b e t w e e n  Ofoten  a n d  Sildvik a r e  n o t  direct  b u t  the  b u s e s  a long  the  lines h a v e  b e e n  omi t t ed  in the  

picture for simplicity r e a s o n s .  The b u s e s  at the  bo rde r  only exis ts  in this m o d e l  a n d  n o t  in reality. 

F i g u r e  8: S c h e m a t i c  picture of b u s e s  a n d  the i r  connect ions  a r o u n d  t h e  line Sildvik - T o r n e h a m n  b e t w e e n  
Norway a n d  S w e d e n .  Blue co r r e sponds  to 4 2 0  kV a n d  g r e e n  1 3 2  kV. 

The line b e t w e e n  Sildvik a n d  T o r n e h a m n  cont inues  d o w n  into S w e d e n ,  a n d  the  different  s e g m e n t s  h a v e  

different  l eng ths  a n d  t h e r m a l  limits. S e e  Table 11 for the  details  r ega rd ing  t h e s e  s e g m e n t s .  

B u s e s  L e n g t h  km L i m i t  v a l u e  MVA N o t e  

Sildvik – b o r d e r  bus  13 1 1 7 . 5  

Border  bus  - T o r n e h a m n  20 1 2 9  

T o r n e h a m n  - S t e n b a c k e n  46 99 

S t e n b a c k e n  – Kivaar 59 99 

T a b l e  1 0 :  S e g m e n t s  of the  line from Norway to S w e d e n  at Sildvik – T o r n e h a m n .  

S e e  Table 11 for detai ls  regard ing  the  ove r loaded  lines. As c a n  be s e e n ,  t h e  b reach ing  is ve ry  s m a l l  a n d  

it was there fore  n o t  cons idered  an issue .  
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N e t w o r k  e q u i p m e n t  L imi t  v a l u e  MVA S i m u l a t e d  v a l u e  MVA N o t e  

1 3 2  kV line b e t w e e n  Sildvik 

a n d  T o r n e h a m n  

99 9 9 . 9  ( 1 0 0 . 9 % )  

T a b l e  1 1 :  Over loaded  line in the  reg iona l  n e t  d u e  to n e w  wind power .  

A check  of the  limit b reach ing  of b u s e s  in the  re fe rence  c a s e  was  d o n e .  Of the  b u s e s  t h a t  were  of 

i n t e r e s t  in this scenar io  only one  n e w  b reach  h a p p e n e d  which was  an undervo l tage  in t h e  bus  Båtsf jord,  

s e e  Table 12 for detai ls  r ega rd ing  the  b reach .  This bus  is ve ry  closely loca ted  geographical ly  to where  

t h e  wind f a rms  Hamnef je l l  a n d  Raggovidda a r e  s i t ua t ed  a n d  it is a s s u m e d  for this analys is  t h a t  if, a n d  

w h e n  t hose  wind f a rms  a re  deve loped ,  t h e y  would cont r ibute  with e n o u g h  react ive p o w e r  to k e e p  the  

su r round ing  grid in react ive ba lance .  

N e t w o r k  e q u i p m e n t  L imi t  v a l u e  ( p u )  S i m u l a t e d  v a l u e  ( p u )  N o t e  

1 3 2  kV bus  Båtsf jord 0 . 9  0 . 8 6 1 7  

T a b l e  1 2 :  Breaching of an undervo l tage  limit in the  bus  Båtsfjord.  

4 . 3  M a x i m u m  p r o d u c t i o n ,  m i n i m u m  l o c a l  l o a d  

This scenar io  s imula ted  t h e  m o s t  s t r e s s e d  s i tua t ion  t h a t  could h a p p e n  in the  grid. The lines t h a t  h a d  

b e e n  over loaded  in the  received n e t  were  slightly m o r e  over loaded .  

The 4 2 0  kV t ransmiss ion  line b e t w e e n  Vietas a n d  Porjus ,  s e e  Figure 7 for location,  was  over loaded ,  

which is unaccep tab le .  S to r a  Lule ä lv  (Big Lule river),  which is the  river where  t h e  hydro  p o w e r  plants  

Vietas a n d  Porjus a r e  s i t ua t ed ,  ha s  b e e n  exploi ted for hydro  power  since the  50s .  Ha r sp rånge t ,  which is 

t h e  l a rges t  hydro p o w e r  p lant  in S w e d e n ,  s t a r t e d  its cons t ruc t ion  1 9 1 9  b u t  was  no t  comple t ed  unti l  

1 9 5 1 ,  a n d  all  hydro  p o w e r  u p s t r e a m  as well  as d o w n s t r e a m  were  built in the  d e c a d e s  to follow. The 

4 0 0  kV line b e t w e e n  H a r s p r å n g e t  a n d  Hallsberg t h a t  was  built 1 9 5 2  was  the  first 400  kV line in t h e  world 

(Kuhlin, 2 0 1 8 ) .  During this t ime,  t h e  lines in this a r e a  were  built wi thout  the  knowledge  or r ega rd  to the  

fact  t h a t  s e v e r a l  1 0 0 0  of MW wind p o w e r  would potential ly be built in F innmark  a n d  t r a n s p o r t e d  d o w n  

this line from Norway, so it is no t  surpr is ing t h a t  this line is no t  d imens ioned  for this p o w e r  a n d  b e c o m e s  

over loaded .  

The 1 3 2  kV line b e t w e e n  Norway a n d  S w e d e n  at Sildvik a n d  T o r n e h a m n  was  also over loaded .  This line is 

n o t  pa r t  of the  t r ansmiss ion  grid,  b u t  b e c a u s e  it runs  paral le l  with the  t ransmiss ion  line f rom Ofoten  to 

Porjus,  as c a n  be s e e n  in Figure 8, it g e t s  over loaded  as t h e  t r ansmiss ion  line also g e t s  over loaded .  The 

different  s e g m e n t s  of this line t h a t  a r e  s u b j e c t  to over loading,  g e t  different  over loads  b e c a u s e  t h e y  h a v e  

different  t h e r m a l  limits. The lines p a s t  Kivaar d o e s  no t  g e t  over loaded  as t he re  a r e  3 of t h e m  sha r ing  the  

load.  The r e a s o n  why  the  line b e t w e e n  T o r n e h a m n  a n d  S t e n b a c k e n  is t h e  m o s t  over loaded  line is 

b e c a u s e  T o r n e h a m n  h a s  a load which m e a n s  t h a t  less p o w e r  carr ies  on towards  Kivaar. S e e  Table 13 for 

detai ls  r ega rd ing  the  over loaded  lines. 
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N e t w o r k  e q u i p m e n t  L imi t  v a l u e  MVA S i m u l a t e d  v a l u e  MVA N o t e  

1 3 2  kV line b e t w e e n  Sildvik 

a n d  bo rde r  bus  

1 1 7 . 5  1 1 9  ( 1 0 1 . 2 % )  

1 3 2  kV line b e t w e e n  Border  

bus  a n d  T o r n e h a m n  

1 2 9  1 4 9 . 2  ( 1 1 5 . 7 % )  

1 3 2  kV line b e t w e e n  

T o r n e h a m n  a n d  S t e n b a c k e n  

99 1 2 4 . 5  ( 1 2 5 . 8 % )  

1 3 2  kV line b e t w e e n  

S t e n b a c k e n  a n d  Kivaar 

99 1 1 3 . 4  ( 1 1 4 . 6 % )  

4 2 0  kV line b e t w e e n  Vietas 

a n d  Porjus 

1 0 9 1  1 2 0 9 . 2  ( 1 1 0 . 8 % )  

T a b l e  1 3 :  Over loaded  line in the  t r ansmiss ion  n e t  b e t w e e n  Vietas a n d  Porjus,  a n d  over loaded  lines in 
t h e  reg iona l  n e t  d u e  to n e w  wind f a rms .  

Even t h o u g h  t h e  line b e t w e e n  Sildvik a n d  T o r n e h a m n  is cons idered  as regional,  the  b reach ing  occurs  d u e  

to inc reased  wind p o w e r  in F innmark  a n d  there fore  this analysis  will a d d r e s s  a solut ion to t h e  issue.  A 

m e s h e d  1 3 2  kV n e t  is des i rable  from a n e t  operator’s  point  of view as it offers b e t t e r  securi ty .  However ,  

if it m e a n s  t h a t  lines g e t  ove r loaded ,  it m i g h t  be m o r e  beneficial  to m a k e  lines radial. Consider ing h o w  

t h e  n e t  is s t r uc tu r ed ,  this is d o n e  b e s t  b e t w e e n  S t e n b a c k e n  a n d  Kivaar. Taking o u t  t h a t  line could 

potential ly be done  only in s i tuat ions  w h e n  the  line is on the  brink of over loading,  as a d isconnect ion  of 

t h a t  line resul ts  in an increase  of over load b e t w e e n  Vietas a n d  Porjus from 1 2 0 9 . 2  ( 1 1 0 . 8 % )  to 1 2 9 2 . 3  

( 1 1 8 . 4 % ) .  Disconnection of t h e  line b e t w e e n  S t e n b a c k e n  a n d  Kivaar m e a n t  t h a t  it no longer  be longed  to 

t h e  m e s h e d  grid, b u t  in s t ead  a c t e d  as a radia l  grid a n d  resu l ted  in no over load on the  1 3 2  kV line 

a n y m o r e .  Another  opt ion would be to s t r e n g t h e n  the  line all  the  way  b e t w e e n  Sildvik a n d  Kivaar. 

This s t u d y  h a s  n o t  d o n e  an analysis  on h o w  likely t h e  scenar io  m a x i m u m  product ion,  min imum local load 

is, or h o w  of ten  it would occur .  Low loads typically h a p p e n  dur ing the  s u m m e r ,  w h e n  wind p o w e r  

typically produce  less ,  so it is r ea sonab le  to a s s u m e  t h a t  this scenar io  is unlikely. Fu r the rmore ,  in ca se  

this scenar io  d o e s  occur ,  electricity prices will be lower  as the  loads  a r e  lower which m e a n s  t h a t  a n y  

po ten t i a l  product ion cur ta i lments  would m e a n  lower income losses .  

In c a s e  this scenar io  would h a p p e n ,  t h e  p rob lems  could be c o m b a t t e d  in different  ways ,  s u c h  a s :  

d e c r e a s e  in power  product ion;  increase  of load in Finnmark;  a combinat ion  of bo th ;  s t r e n g t h e n i n g  

vulnerable  lines; or se r ies  c o m p e n s a t i o n  or line splitting of specific lines in o r d e r  to direct  the  power .  A 

reduct ion  in product ion would m o s t  likely be done  e i t he r  by the  wind f a rms  in Finnmark,  collectively or 

only by Davvi, or by hydro  p o w e r  nor th  of t h e  line b e t w e e n  Vietas a n d  Porjus.  An increase  of load in 

F innmark  could be e x p e c t e d  in F innmark  as electrification of pe t ro leum instal lat ions,  as well  as building 

of n e w  mines  have  b e e n  d i scussed ,  which could potentially lead to an increase  in load of 1 0 0 0  MW. 

For the  s a k e  of the  analys is ,  a s imulat ion was  run where  Davvi  wind fa rm was  r educed  to 3 5 0  MW in 

o r d e r  to inves t iga te  this scenar io  in a s t e a d y  s t a t e  where  t h e  line b e t w e e n  Vietas a n d  Porjus w a s  loaded  

up to 9 9 % .  The reg iona l  lines close to Raudfjell  a n d  Kvitfjell were  still over loaded ,  b u t  the  line b e t w e e n  

Sildvik a n d  T o r n e h a m n  was only ove r loaded  to a m a x i m u m  of 1 1 6 %  (wi thout  d isconnect ing t h e  line 
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b e t w e e n  S t e n b a c k e n  a n d  Kivaar). This reduct ion in product ion  could be split by all  wind f a rms  in 

F innmark  a n d  thus  sp read ing  t h e  losses .  

Another  s imulat ion was  run  w h e r e  a n e w  load of 4 5 0  MW w a s  a d d e d  to the  4 2 0  kV bus  Ska id i  in o r d e r  to 

s imula te  an electrification of a pe t ro leum installation,  which would increase  the  load in Finnmark.  This 

s imula t ion  did n o t  h a v e  an over load  on the  Vietas – Porjus  line, b u t  t h e  1 3 0  kV line b e t w e e n  S t e n b a c k e n  

a n d  Kivaar was  n o t  d i sconnec ted .  

Another  s imulat ion was  run  w h e r e  the  product ion in Vietas w a s  d e c r e a s e d  to 1 1 0  MW from 2 7 5  MW 

(Vietas was  producing 2 7 5  MW in the  received n e t  from SvK) o u t  of 3 0 5  MW possible,  which m e a n t  t h a t  

t h e  line f rom Vietas to Porjus w a s  no longer  over loaded .  The line at Sildvik was  still ove r loaded  to a 

m a x i m u m  of 1 2 3 % ,  a n d  w h e n  the  line b e t w e e n  S t e n b a c k e n  a n d  Kivaar was  d i sconnec ted ,  t h e  product ion 

at Vietas h a d  to be d e c r e a s e d  to 0 MW for the  over loading on the  420  kV line to be avoided .  

If t h e  4 2 0  kV line b e t w e e n  Varange rbo tn  a n d  Pirttikoski is built, it would be a r o u n d  4 0 0  km long. For this 

long high vol tage line, it is beneficial  with se r ies  compensa t i on .  The d e g r e e  of c o m p e n s a t i o n  in a 4 2 0  kV 

line is typically a r o u n d  4 0 - 5 0 %  a n d  a 5 0 %  d e g r e e  was  a s s u m e d  for  this line. This m e a n t  t h a t  the  

r e a c t a n c e  was  ha lved ,  a n d  the  t r ansmiss ion  capac i ty  inc reased .  For this scenar io ,  w h e n  the  line was  

se r ies  c o m p e n s a t e d  the  a m o u n t  of p o w e r  flowing t h r o u g h  the  Finnish line inc reased  from 8 8 6  MW to 

1 1 0 8  MW. The line b e t w e e n  Vietas a n d  Porjus was  no longer  over loaded ,  b u t  the  line at Sildvik was  

ove r loaded  to a m a x i m u m  of 1 1 5 . 9 % .  By disconnect ing t h e  line b e t w e e n  S t e n b a c k e n  a n d  Kivaar, the  

over loading of t h e  1 3 2  kV line d i s a p p e a r e d ,  b u t  the  line at Vietas b e c a m e  over loaded .  By lowering Davvi  

to 5 0 0  MW, or Vietas to 1 8 0  MW all  over loading was  avoided .  

Another  w a y  of direct ing p o w e r  t h r o u g h  t h e  line to Finland is to split up the  4 2 0  kV line as s o u t h  of Davvi  

as possible.  This was  d o n e  b e t w e e n  Balsfjord a n d  Skibo tn  which resu l ted  in an increase  of p o w e r  to flow 

t h r o u g h  Finland. Vietas – Porjus was  no t  over loaded  a n y m o r e ,  h o w e v e r  the  1 3 2  kV line at Sildvik was  

still ove r loaded ,  a n d  t h e  1 3 2  kV line b e t w e e n  Balsfjord a n d  Skibotn  b e c a m e  over loaded .  A disconnect ion  

b e t w e e n  S t e n b a c k e n  a n d  Kivaar m e a n t  t h a t  Vietas – Porjus b e c a m e  over loaded ,  a n d  a d e c r e a s e  in 

product ion in Vietas to 1 9 0  MW from 275  MW m e a n t  t h a t  the  over loading d i s a p p e a r e d .  The 1 3 2  kV line 

b e t w e e n  Balsfjord a n d  Skibo tn  was  still over loaded  howeve r ,  a n d  a d isconnect ion  of t h a t  line m e a n t  

over loads  on s e v e r a l  o t h e r  lines as the  1 3 2  kV grid is highly m e s h e d .  

A check  of the  limit b reach ing  of b u s e s  in the  re fe rence  c a s e  was  d o n e .  Of the  b u s e s  t h a t  were  of 

i n t e r e s t  in this scenar io  only one  n e w  b reach  h a p p e n e d  which was  an undervo l t age  in the  bus  Båtsf jord,  

s e e  Table 14 for detai ls  r ega rd ing  the  b reach .  This bus  is ve ry  closely loca ted  geographical ly  to where  

t h e  wind f a rms  Hamnef je l l  a n d  Raggovidda a r e  s i t ua t ed  a n d  it is a s s u m e d  for this analys is  t h a t  if, a n d  

w h e n  t hose  wind f a rms  a re  deve loped ,  t h e y  would cont r ibute  with e n o u g h  react ive p o w e r  to k e e p  the  

su r round ing  grid in react ive ba lance .  

N e t w o r k  e q u i p m e n t  L imi t  v a l u e  ( p u )  S i m u l a t e d  v a l u e  ( p u )  N o t e  

1 3 2  kV bus  Båtsf jord 0 . 9  0 . 8 7 0 6  

T a b l e  1 4 :  Breaching of an undervo l tage  limit in the  bus  Båtsfjord.  

S o m e  t r ansmiss ion  grid b u s e s  h a d  i s sues  keeping  up the i r  vol tages  a r o u n d  s o u t h e r n  a n d  mid S w e d e n ,  

a n d  this was  m o s t  likely d u e  to the  high load in the  n e t  at the  s a m e  t ime as the  e x p o r t  was  high, a n d  n o t  

Davvi, as the  s a m e  issue was  p r e s e n t  in t h e  c a s e  w h e r e  wind p o w e r  in F innmark  a n d  Troms was  s e t  to 
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0. As it is possible for S w e d e n  to k e e p  a high load a n d  high e x p o r t  wi thout  vol tage limit b r e a c h e s ,  it was  

a s s u m e d  t h a t  this i ssue  is solvable ,  b u t  it was  ou ts ide  t h e  in te res t s  of this analysis  why  it was  left. 

React ive p o w e r  contr ibut ion from all  the  wind f a r m s  in F innmark  a n d  Troms,  as well  as the  swi tched  

s h u n t s  at Ska id i  a n d  Varangerbo tn ,  c a n  be s e e n  in Table 1 5 .  There  a r e  swi tched  s h u n t s  in the  a r e a  t h a t  

t u rn  on or off for  the  different  scenar ios ,  for example  - 1 0 0  Mvar in Varange rbo tn  to help  lowering the  

vo l tages  the re  for  the  scenar io  min imum product ion why  the  difference in contr ibut ion is n o t  t h a t  g r e a t  

for s o m e  of the  wind f a rms .  A couple of t h e m  a r e  controlling the  s a m e  bus  why  t h e y  h a v e  the  e x a c t  

s a m e  contr ibution.  S o m e  a r e  working on the i r  m a x i m u m  capac i ty  for s o m e  of t h e  c a s e s  a n d  it is possible 

to c h a n g e  t h e  des i rable  vol tage leve l  the  controlled bus  should  have  which will c h a n g e  the  a m o u n t  of 

react ive p o w e r  the  wind farm m u s t  p roduce .  

W i n d  f a r m  R e a c t i v e  p o w e r  c o n t r i b u t i o n  

m a x i m u m  p r o d u c t i o n  ( M v a r )  

R e a c t i v e  p o w e r  c o n t r i b u t i o n  

m i n i m u m  p r o d u c t i o n  ( M v a r )  

Hamnef je l l  3 9 . 4  3 8 . 7 6 6 2  

Rakkocear ro  - 3 . 3 2 9 2  1 . 2 0 6 5  

Rakkocear ro  
(Raggovidda)  
Vindkraftverk tr inn 2 

5 0 . 9  3 8 . 7 6 6 2  

Kjøllefjord - 1 . 4 6 6 8  2 . 2 0 2 5  

Havøygavlen  1 3 . 7 3 9  1 1 . 2 7 4 5  

Dønnesf jord  4 . 6  4 . 6  

Fakken  - 3 . 2 6 1 5  - 2 . 6 7 2 7  

Kvitfjell - 1 1 . 6 3 4 1  - 1 1 . 1 4 4 5  

Raudfjel l  - 11 .6341  - 1 1 . 1 4 4 5  

Davvi  0 . 6 3 3 7  - 9 4 . 1 7 6  

Nygårdsfjel let  

v indkraf tverk  trinn 2 

- 1 0 . 5 8 4 0  - 1 0 . 5 8 4 0  

Andmyran  - 1 9 . 2 1 5 9  - 1 1 . 9 1 2 5  

Ånstadblåheia  - 1 6 . 6  - 1 1 . 9 1 2 5  

Ska id i  swi tched  s h u n t  - 1 0 0  Mvar - 1 0 0  Mvar 

Varange rbo tn  swi tched  

s h u n t  

0 - 1 0 0  Mvar 

T a b l e  1 5 :  Reactive p o w e r  f rom wind f a rms  a n d  swi tched  s h u n t s  at Ska id i  a n d  Varange rbo tn  in F innmark  
a n d  Troms for m a x i m u m  product ion a n d  min imum product ion,  bo th  dur ing min imum local  load.  
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Around Davvi  t he r e  is a l r e a d y  installed in the  grid s o m e  react ive power ,  s e e  Table 16 for  detai ls .  The 

third co lumn refers  to the  react ive  p o w e r  capabil i ty as s t a t e d  in t h e  received grid a n d  is in s t e p s  for 

s h u n t s ,  a n d  r a n g e s  for g e n e r a t o r s .  In t h e  c a s e s  where  t he re  a r e  s e v e r a l  g e n e r a t o r s ,  e a c h  g e n e r a t o r  c a n  

cont r ibute  with react ive p o w e r  according to t h e  third column.  The informat ion is as given in the  received 

grid,  a n d  s o m e  of t h e m  a r e  SVC. 

Reactive p o w e r  contr ibut ions from lines or loads a r e  n o t  included.  As the  a m o u n t  of product ion c h a n g e s  

in Finnmark,  the  a m o u n t  of react ive power  p roduced  by the  different  sou rces  c h a n g e s .  The contr ibut ions 

from the  n e w  wind f a rms  as well as the  420  kV line m e a n s  t h a t  is it possible to hold the  react ive balance  

in the  s y s t e m .  

B u s  T y p e  ( s w i t c h e d  s h u n t s  h a v e  

f i x e d  s t e p s  a n d  g e n e r a t o r s  a r e  

c o n t i n u o u s )  

R e a c t i v e  p o w e r  ( M v a r )  

c a p a b i l i t y  ( p o s i t i v e  m e a n s  

c o n d e n s a t o r s  a n d  n e g a t i v e  

r e a c t o r s )  

Lakselv Swi tched  s h u n t  1 4 . 5 5  + 1 4 . 5 5  

Tana Swi tched  s h u n t  3 . 6  

Adam (2 g e n e r a t o r s )  G e n e r a t o r  -6 – 12 

Kvalsund G e n e r a t o r  -4 – 8 

Lakselv22 Swi tched  s h u n t  5 + 10 

S a u t  G1 G e n e r a t o r  - 1 2  – 24 

R e p v a a g  G e n e r a t o r  -1 – 2 

Skaidi22 Swi tched  s h u n t  6 

Goliat G e n e r a t o r  - 1 3 . 2 7 1  – 2 5 . 5  

Melk (5 g e n e r a t o r s )  G e n e r a t o r  - 3 9 . 7  – 40 

Gandvik  G e n e r a t o r  - 2 . 1 4 6  – 3 . 0 6 6  

Melkef G e n e r a t o r  -5 – 1 0 . 4  

S k o g  (2 g e n e r a t o r s )  G e n e r a t o r  -6 – 12 

V a r a n g e r  Swi tched  s h u n t  - 1 0  + 7 . 5  

Vadsoy Swi tched  s h u n t  3 . 6  

S m e l r o r  Swi tched  s h u n t  2 . 0 7  

T a b l e  1 6 :  Ins ta l led react ive p o w e r  a r o u n d  Davvi. 

Except  for the  po ten t i a l  n e w  loads in Finnmark,  the  load in Finland c a n  c h a n g e .  Finland impor ts  a lot of 

electricity, a n d  is c o n n e c t e d  t h r o u g h  DC cables  from no r th  of S tockho lm,  AC lines ac ros s  the  bo rde r  in 
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t h e  nor th  both  from S w e d e n  a n d  Norway, a n d  t h r o u g h  connect ions  to Estonia a n d  Russia.  The impor t  to 

Finland in a high load c a s e  c a n  typically be a r o u n d  2 5 0 0  MW, with an impor t  in t h e  nor th  of 1 0 0 0  MW. 

The load in the  no r th  of Finland in the  received n e t  was  8 0 0  MW, a n d  by increas ing it to 1 0 0 0  MW a 

sl ight increase  in p o w e r  going t h r o u g h  Finland f rom Davvi  i n s t ead  of d o w n  in Norway was  s e e n .  By 

tak ing  a w a y  the  load in no r the rn  Finland the  a m o u n t  of p o w e r  going from Davvi  t h r o u g h  Norway 

inc reased  b u t  n o t  significantly ( 7 5  MW). 

4 . 4  M a x i m u m  p r o d u c t i o n ,  m a x i m u m  l o a d  

This scenar io  did no t  s e e  an over load  of t h e  line B e t w e e n  Vietas a n d  Porjus as the  local load w a s  high 

e n o u g h  to s o a k  up e n o u g h  power .  Davvi  w a s  producing 1 . 0 6  Mvar of react ive p o w e r  in this scenar io .  The 

1 3 2  kV line b e t w e e n  Norway a n d  S w e d e n  at Sildvik a n d  T o r n e h a m n  was  over loaded ,  s e e  Table 17 for 

detai ls .  By disconnect ing t h e  line b e t w e e n  S t e n b a c k e n  a n d  Kivaar t h e  line was  n o t  ove r loaded  a n y m o r e ,  

h o w e v e r  t h e  line b e t w e e n  Vietas a n d  Porjus b e c a m e  ove r loaded  to 1 1 1 4 . 9  ( 1 0 2 . 2 % )  ( s e e  sec t ion  4 . 3  for 

discussion regard ing  this line). The over loading could be avoided  by d e c r e a s i n g  the  wind p o w e r  in 

Finnmark,  hydro  p o w e r  at for e x a m p l e  Vietas, or an a s s u m p t i o n  t h a t  m o r e  load will be p r e s e n t  in 

F innmark  by 2 0 2 5 .  

N e t w o r k  e q u i p m e n t  L imi t  v a l u e  MVA S i m u l a t e d  v a l u e  MVA N o t e  

1 3 2  kV line b e t w e e n  Border  bus  

a n d  T o r n e h a m n  

1 2 9  1 3 2 . 5  ( 1 0 2 . 7 % )  

1 3 2  kV line b e t w e e n  T o r n e h a m n  

a n d  S t e n b a c k e n  

99 1 0 8 . 9  ( 1 1 0 . 0 % )  

T a b l e  1 7 :  Over loaded  lines in t h e  reg iona l  n e t  d u e  to n e w  wind power .  

By se r ies  c o m p e n s a t i o n  of t h e  420  kV line to Finland, the  flow to Finland inc reased  f rom 7 0 2  MW to 

9 5 9  MW a n d  the  over loading of t h e  1 3 2  kV line at Sildvik d e c r e a s e d  to a m a x i m u m  of 1 0 1 . 8 % .  By 

disconnect ing  the  line b e t w e e n  S t e n b a c k e n  a n d  Kivaar all  over loadings  could be avoided .  

A check  of the  limit b reach ing  of b u s e s  in the  re fe rence  c a s e  was  d o n e .  Of the  b u s e s  t h a t  were  of 

i n t e r e s t  in this scenar io  only one  n e w  b reach  h a p p e n e d  which was  an undervo l t age  in the  bus  Båtsf jord,  

s e e  Table 18 for detai ls  r ega rd ing  the  b reach .  This bus  is ve ry  closely loca ted  geographical ly  to where  

t h e  wind f a rms  Hamnef je l l  a n d  Raggovidda a r e  s i t ua t ed  a n d  it is a s s u m e d  for this analysis  t h a t  if, a n d  

w h e n  t hose  wind f a rms  a re  deve loped ,  t h e y  would cont r ibute  with e n o u g h  react ive p o w e r  to k e e p  the  

su r round ing  grid in react ive ba lance .  

N e t w o r k  e q u i p m e n t  L imi t  v a l u e  ( p u )  S i m u l a t e d  v a l u e  ( p u )  N o t e  

1 3 2  kV bus  Båtsf jord 0 . 9  0 . 8 5 8 6  

T a b l e  1 8 :  Breaching of an undervo l tage  limit in the  bus  Båtsfjord.  
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S o m e  t r ansmiss ion  grid b u s e s  h a d  i ssues  keeping  up the i r  vol tages  a r o u n d  s o u t h e r n  a n d  mid S w e d e n .  

This w a s  m o s t  likely d u e  to the  high load in t h e  n e t  at the  s a m e  t ime as t h e  e x p o r t  w a s  high, a n d  n o t  

d u e  to Davvi, as the  s a m e  issue w a s  p r e s e n t  in the  c a s e  where  wind p o w e r  in F innmark  a n d  Troms was  

s e t  to 0. As it is possible for S w e d e n  to k e e p  a high load a n d  high e x p o r t  wi thout  vol tage limits it was  

a s s u m e d  t h a t  this i ssue  is solvable ,  b u t  it was  ou ts ide  t h e  in t e res t s  of this analysis  why  it was  left. 

4 . 5  M i n i m u m  l o c a l  p r o d u c t i o n ,  m i n i m u m  l o c a l  l o a d  

This scenar io  did no t  s e e  a n y  n e w  violated limits in n e i t h e r  the  t r ansmiss ion  n o r  the  reg iona l  ne t .  

A check  of the  limit b reach ing  of b u s e s  in the  re fe rence  c a s e  was  d o n e .  Of the  b u s e s  t h a t  were  of 

i n t e r e s t  in this scenar io  only one  n e w  b reach  h a p p e n e d  which was  an undervo l t age  in the  bus  Båtsf jord,  

s e e  Table 1 9 a  for detai ls  regard ing  the  b reach .  This bus  is very  closely loca ted  geographical ly  to w h e r e  

t h e  wind f a rms  Hamnef je l l  a n d  Raggovidda a r e  s i t ua t ed  a n d  it is a s s u m e d  for this analysis  t h a t  if, a n d  

w h e n  t hose  wind f a rms  a re  deve loped ,  t h e y  would cont r ibute  with e n o u g h  react ive p o w e r  to k e e p  the  

su r round ing  grid in react ive ba lance .  

N e t w o r k  e q u i p m e n t  L imi t  v a l u e  ( p u )  S i m u l a t e d  v a l u e  ( p u )  N o t e  

1 3 2  kV bus  Båtsf jord 0 . 9  0 . 8 7 3 9  

T a b l e  1 9 :  Breaching of an undervo l tage  limit in the  bus  Båtsfjord.  

S o m e  t r ansmiss ion  grid b u s e s  h a d  i s sues  keeping  up the i r  vol tages  a r o u n d  s o u t h e r n  a n d  mid S w e d e n ,  

a n d  this was  m o s t  likely d u e  to the  high load in the  n e t  at the  s a m e  t ime as the  e x p o r t  was  high, a n d  n o t  

Davvi, as the  s a m e  issue was  p r e s e n t  in t h e  c a s e  w h e r e  wind p o w e r  in F innmark  a n d  Troms was  s e t  to 

0. As it is possible for S w e d e n  to k e e p  a high load a n d  high e x p o r t  wi thout  vol tage limits it was  a s s u m e d  

t h a t  this issue is solvable ,  b u t  it was  outs ide  the  in te res t s  of this analysis  why  it was  left. 

4 . 6  F a u l t s  t h a t  w e r e  a p p l i e d  

All faults  descr ibed  in 3 . 3  were  appl ied to the  following scenar ios :  m a x i m u m  product ion,  min imum local 

load;  the  s a m e  scenar io  b u t  with r educed  p o w e r  in Davvi  to 3 5 0  MW; a n d  the  scenar io  m a x i m u m  

product ion,  m a x i m u m  load. All resul t s  p r e s e n t e d  a r e  resul t s  from directly a f t e r  the  fault ,  t a p  c h a n g e r s  

a n d  s h u n t  c o m p e n s a t i o n s  were  deac t iva ted .  The difference in resu l t  for the  loading on the  lines b e t w e e n  

ac t iva ted  a n d  deac t i va t ed  t a p  c h a n g e r s  a n d  s h u n t  c o m p e n s a t i o n  w a s  negligible. All b r e a c h e s  were  of 

t h e r m a l  limits. 

The over loading of the  line b e t w e e n  Norway a n d  S w e d e n  at Sildvik – T o r n e h a m n  was  no t  included in the  

resul t s .  The line is cons idered  reg iona l  a n d  this b reach ing  is a known  prob lem.  The h ighes t  b reach ing  

w a s  ob ta ined  for the  scenar io  m a x i m u m  product ion,  min imum local  load w h e n  the  4 2 0  kV line b e t w e e n  

Davvi  a n d  Adamse lv  was  t r ipped,  a n d  the  over load w a s  1 4 3 % .  To c o m b a t  the  over loading of this line, as 
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d i scussed  in sec t ion  4 .3 ,  t h e  line b e t w e e n  S t e n b a c k e n  a n d  Kivaar could be d i sconnec ted .  This would lead  

to a h igher  load on the  420  kV line f rom Ofoten  d o w n  SE1.  

The line b e t w e e n  S t e n b a c k e n  a n d  Kivaar w a s  no t  t a k e n  o u t  of service for a n y  of the  tr ips,  a n d  it is 

r e a sonab l e  to a s s u m e  t h a t  for the  c a s e s  where  Si ldvik-Tornehamn w a s  over loaded  t h e  line b e t w e e n  

S t e n b a c k e n  a n d  Kivaar would be d i sconnec ted  which would lead to a l a rger  over load of the  line b e t w e e n  

Vietas a n d  Porjus.  Another  opt ion is to a s s u m e  t h a t  the  line all  t h e  w a y  b e t w e e n  Sildvik a n d  Kivaar 

would be s t r e n g t h e n e d  in o r d e r  to k e e p  the  1 3 2  kV grid m e s h e d .  Se r ies  c o m p e n s a t i o n  of the  420  kV line 

to Finland h a s  n o t  b e e n  a n a l y s e d  for a n y  of t h e  t r ips,  a n d  it is a s s u m e d  t h a t  this would g rea t ly  relieve 

bo th  the  line b e t w e e n  Vietas a n d  Porjus ,  a n d  Sildvik a n d  T o r n e h a m n .  The difference in resul t  for t h e  

vo l tages  on the  b u s e s  was  h o w e v e r  m o r e  significant a f t e r  t a p  c h a n g e r s  a n d  s h u n t  c o m p e n s a t i o n  was  

ac t iva ted .  

The on ly  n e w  bus  of i n t e re s t  t h a t  h a d  its limit b r e a c h e d  for the  different  trips was  the  bus  at Båtsfjord.  

S e e  sec t ion  4 .3  for a discussion regard ing  this bus .  Voltage levels for b u s e s  dur ing t h e  different  trips 

were  there fore  n o t  cons idered  an issue .  

4 .6 .1  Maximum product ion ,  min imum local  load 

In Table 20 the  different  over loadings  of lines dur ing different  trips for the  scenar io  m a x i m u m  

product ion,  min imum local  load c a n  be s e e n .  All violated limits were  t h e r m a l  limits. S e e  Figure 7 for  the  

geog raph i ca l  locations of the  different  lines 

N e t w o r k  

e q u i p m e n t  

L imi t  

v a l u e  

MVA 

S i m u l a t e d  

v a l u e  MVA 

Tr ip  N o t e  

4 2 0  kV line 

b e t w e e n  Vietas 

a n d  Porjus 

1 0 9 1  1 1 3 0 . 4  

( 1 0 3 . 6 % )  

Trip 420  kV line Davvi  – 

Lakselv (N-1)  

4 2 0  kV line 

b e t w e e n  Vietas 

a n d  Porjus 

1 0 9 1  1 1 3 0 . 9  

( 1 0 3 . 7 % )  

Trip 1 3 2  kV line Adamse lv  

– Lakselv (N-1)  

4 2 0  kV line 

b e t w e e n  Vietas 

a n d  Porjus 

1 0 9 1  1 4 3 5  

( 1 3 1 . 5 % )  

Trip 420  kV line Davvi  - 

Adamse lv  (N-1)  

As less p o w e r  c a n  go 

t h r o u g h  Finland t h e  line 

to S w e d e n  is m o r e  

ove r loaded  t h a n  before.  

4 2 0  kV line 

b e t w e e n  

Ritsem a n d  

Vietas 

1 0 9 1  1 1 6 9 . 7  

( 1 0 7 . 2 % )  

Trip 420  kV line Davvi  - 

Adamse lv  (N-1)  

The a m o u n t  of p o w e r  

going from Ofoten to 

SE1 is n o t  so g r e a t  t h a t  

e v e n  t h e  line b e t w e e n  

Ritsem a n d  Vietas is 

over loaded .  
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1 3 2  kV line 

b e t w e e n  

Lakselv a n d  

Adamse lv  

1 9 9 . 5  2 6 5 . 4  ( 1 3 3 % )  Trip 420  kV line Davvi  - 

Adamse lv  (N-1)  

As the  4 2 0  kV line to 

Adamse lv  is t r ipped,  

p o w e r  g o e s  f rom Davvi  

to Lakselv,  a n d  t h e n  

d o w n  to 1 3 2  kV a n d  t h e n  

ac ros s  the  1 3 2  kV line to 

Adamse lv  a n d  t h e n  back  

up to 4 2 0  kV Adamse lv  

a n d  a long towards  

Finland. 

4 2 0  kV line 

b e t w e e n  Vietas 

a n d  Porjus 

1 0 9 1  1 2 1 1 . 1  

( 1 1 1 % )  

Trip 1 3 2  kV line Adamse lv  

– Varange rbo tn  (N-1)  

(line 1) 

4 2 0  kV line 

b e t w e e n  Vietas 

a n d  Porjus 

1 0 9 1  1 2 1 1 . 1  

( 1 1 1 % )  

Trip 1 3 2  kV line Adamse lv  

– Varange rbo tn  (N-1)  

(line 2) 

4 2 0  kV line 

b e t w e e n  Hjälta 

a n d  Kilforsen 

1 0 9 1  1 1 3 8  

( 1 0 4 . 3 % )  

Trip 420  kV line Davvi  – 

Lakselv, w h e n  4 2 0  kV line 

Davvi  - Adamse lv  is o u t  of 

service (N-1 -1 )  

Kilforsen is the  sys tem’s  

swing bus  a n d  this 

over load probab ly  

occur red  b e c a u s e  the  

swing bus  h a s  to 

c o m p e n s a t e  for the  loss 

in product ion w h e n  

Davvi  is d i sconnec ted .  

This issue a r i ses  b e c a u s e  

of the  w a y  t h e  sof tware  

is built a n d  will n o t  be a 

problem in reality. 

4 2 0  kV line 

b e t w e e n  Hjälta 

a n d  Kilfors 

1 0 9 1  1 1 3 8  

( 1 0 4 . 3 % )  

Trip 420  kV line Davvi  - 

Adamselv,  w h e n  4 2 0  kV 

line Davvi  – Lakselv is o u t  

of service (N-1 -1 )  

4 2 0  kV line 

b e t w e e n  Vietas 

a n d  Porjus 

1 0 9 1  1 1 9 6 . 9  

( 1 0 9 . 7 % )  

Trip 420  kV line just nor th  

of Ofoten  t h a t  is the  

corr idor  to the  s o u t h  (line 

1) 

As t he re  a r e  two lines 

just  no r th  of Ofoten  

p o w e r  still g o e s  this w a y  

d o w n  from Finnmark  

t h r o u g h  to S w e d e n ,  b u t  

less t h a n  before  it was  

t r ipped.  

4 2 0  kV line 

b e t w e e n  Vietas 

a n d  Porjus 

1 0 9 1  1 1 9 7 . 2  

( 1 0 9 . 7 % )  

Trip 420  kV line just nor th  

of Ofoten  t h a t  is the  

corridor to the  s o u t h  of 

Norway (line 2) 
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4 2 0  kV line 

b e t w e e n  Vietas 

a n d  Porjus 

1 0 9 1  1 2 6 3 . 1  

( 1 1 5 . 8 % )  

Trip 420  kV line just s o u t h  

of Ofoten  

As the  line d o w n  t h e  

Norwegian corridor is 

t r ipped,  e v e n  m o r e  

p o w e r  t a k e s  t h e  p a t h  

d o w n  S w e d e n  why  this 

line b e c o m e s  e v e n  m o r e  

over loaded .  

4 2 0  kV line 

b e t w e e n  

H a r s p r å n g e t  

a n d  Porjus 

1 0 9 1  1 2 1 7 . 6  

( 1 1 1 . 6 % )  

Trip t h e  4 2 0  kV line t h a t  

g o e s  from SE1 to SE2 

(line 1) 

Line 1 g o e s  from Porjus 

to Grundfors  a n d  w h e n  

t h a t  line is t r ipped m o r e  

p o w e r  h a s  to t ake  the  

p a t h  d o w n  t h e  o t h e r  

lines which m e a n s  t h a t  

all  p o w e r  ha s  to go 

t h r o u g h  H a r s p r å n g e t  

which leads  to an 

over loading on t h a t  line. 

With this trip, the  

corr idor  down S w e d e n  

b e c o m e s  n a r r o w e r  why  

m o r e  p o w e r  from 

Finnmark  t a k e s  the  route  

d o w n  Norway t h a n  

before ,  a n d  t he re  we do 

n o t  s e e  an over loading 

b e t w e e n  Vietas a n d  

Porjus.  

4 2 0  kV line 

b e t w e e n  Vietas 

a n d  Porjus 

1 0 9 1  1 1 6 2 . 0  

( 1 0 6 . 5 % )  

Trip t h e  4 2 0  kV line t h a t  

g o e s  from SE1 to SE2 

(line 2) 

As line 1 b e c o m e s  

available a g a i n  t h e  line 

b e t w e e n  Porjus a n d  

H a r s p r å n g e t  is n o t  

ove r loaded  a n y m o r e ,  

h o w e v e r  m o r e  p o w e r  

t a k e s  the  p a t h  d o w n  

S w e d e n  a g a i n  why  the re  

is an over loading aga in  

b e t w e e n  Vietas a n d  

Porjus.  The over loading 

is h o w e v e r  smal le r  t h a n  

w h e n  the  line w a s  in use .  

4 2 0  kV line 

b e t w e e n  Hjälta 

a n d  Kilfors 

1 0 9 1  1 1 9 6 . 8  

( 1 0 0 . 5 % )  

Trip t h e  4 2 0  kV line t h a t  

g o e s  from SE1 to SE2 

(line 2) 

As line 2 is t r ipped,  t h e  

cu r ren t s  will t ake  

different  p a t h s  a r o u n d  

t h e  swing bus  a n d  m o s t  

likely c a u s e  a slight 

over loading.  S e e  Figure 
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9 for  geograph ica l  

position of the  swing 

bus .  

4 2 0  kV line 

b e t w e e n  Vietas 

a n d  Porjus 

1 0 9 1  1 1 1 3 . 4  

( 1 0 2 . 1 % )  

Trip t h e  4 2 0  kV line t h a t  

g o e s  from SE1 to SE2 

(line 3) 

4 2 0  kV line 

b e t w e e n  Vietas 

a n d  Porjus 

1 0 9 1  1 1 4 6 . 9  

( 1 0 5 . 1 % )  

Trip t h e  4 2 0  kV line t h a t  

g o e s  from SE1 to SE2 

(line 4) 

4 2 0  kV line 

b e t w e e n  Hjälta 

a n d  Kilfors 

1 0 9 1  1 2 2 5 . 9  

( 1 1 2 . 4 % )  

Trip t h e  4 2 0  kV line t h a t  

g o e s  from SE1 to SE2 

(line 4) 

As line 4 is t r ipped,  m o r e  

p o w e r  h a s  to go t h r o u g h  

all  the  b u s e s  a r o u n d  the  

swing bus  ins t ead  of 

tak ing  t h e  rou te  a long 

t h e  coas t ,  s e e  Figure 7 

a n d  Figure 9 for 

geograph ica l  posit ion of 

line 4 a n d  the  swing  bus .  

Trip 420  kV line b e t w e e n  

Vietas a n d  Ritsem 

This s imulat ion blew up 

which m e a n s  in r e a l  life 

black ou t .  

4 2 0  kV line 

b e t w e e n  Hjälta 

a n d  Kilfors 

1 0 9 1  1 2 2 9 . 7  

( 1 0 3 . 5 % )  

Trip Davvi  wind fa rm This over load probably  

occur red  b e c a u s e  the  

swing bus  h a s  to 

c o m p e n s a t e  for the  loss 

in product ion w h e n  

Davvi  is d i sconnec ted .  

T a b l e  2 0 :  Over loaded  lines dur ing trips for  the  scenar io  m a x i m u m  product ion,  min imum local  load.  

Tripping the  4 2 0  kV line b e t w e e n  Davvi  a n d  Adamse lv  p o s e s  m o s t  p rob lems  for the  s y s t e m  as 

subs tant ia l ly  m o r e  of the  p o w e r  n o w  h a s  to go t h r o u g h  Ofoten a n d  SE1.  There  is at t h e  m o m e n t  just  o n e  

1 3 2  kV connect ion  b e t w e e n  Lakselv a n d  Adamse lv  which b e c o m e s  over loaded  as p o w e r  t a k e s  t h a t  rou te  

from Davvi  to g e t  to Finland. By d isconnect ing  t h a t  line t h e  over load  of t h e  line d i s a p p e a r s  b u t  the  

over loading fu r the r  s o u t h  inc reases .  S e e  Figure 9 for geograph ica l  position of the  swing bus .  
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F i g u r e  9: The geograph ica l  location of the  swing bus ,  closely connec t ed  to the  4 t r ansmiss ion  lines 
b e t w e e n  SE1 a n d  SE2.  

The vo l tages  of the  b u s e s  a long  the  420  kV line b e t w e e n  Balsfjord a n d  Varangerbo tn  c a n  be s e e n  in 

Table 21 .  The trip a n a l y s e d  is the  m o s t  p rob lemat ic  4 2 0  kV o n e  b e t w e e n  Davvi  a n d  Adamselv .  As c a n  be 

s e e n ,  t h e  vol tage d rops  a r e  n o t  large a n d  swi tched  s h u n t s  as well as t a p  a d j u s t e r s  will rapidly r e s to re  the  

vo l tages  to the i r  initial value.  The swi tched  reac tors  at Ska id i  a n d  Varange rbo tn  a r e  working well  h e r e ,  

t h e y  contr ibute  with the  - 1 0 0  Mvar e a c h  for t h e  re fe rence  c a s e ,  b u t  t h e  one  at Varange rbo tn  is swi tched  

off for the  m a x i m u m  product ion,  min imum local load in o r d e r  to k e e p  the  vol tage up.  

The va lues  in co lumn two a r e  a f t e r  trips b u t  before  swi tched  s h u n t s  a n d  t a p  a d j u s t e r s  have  c h a n g e d .  

However ,  react ive contr ibut ions from cont inuous  sou rces ,  s u c h  as wind power ,  have  c h a n g e d .  For 
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e x a m p l e ,  react ive p o w e r  contr ibut ion from Davvi  is 0 . 6  Mvar for co lumn o n e ,  93 Mvar for co lumn two 

a n d  80 Mvar for co lumn th ree .  In a r e a l  life opera t ive  scenar io ,  the  s h u n t s  a n d  t a p  a d j u s t e r s  would 

c h a n g e  in a c loser  collaboration with t h e  cont inuous  react ive p o w e r  sou rces ,  a n d  t h e  inability to s imula te  

this is a s h o r t a g e  in the  s t e a d y  s t a t e  model .  Ideally,  it would be o p t i m a l  if it was possible to con t ro l  the  

s h u n t s  according to t h e  react ive flow from t h e  cont inuous  sou rce ,  b u t  for t h a t  you  would n e e d  to do a 

d y n a m i c  s imulat ion.  This s t u d y  is h o w e v e r  looking at the  capac i ty  r a t h e r  t h a n  the  detai ls  of the  con t ro l  

why  this d o e s  no t  h a v e  a n y  significance for the  resul ts ,  b u t  for a r e a l  opera t ive  c a s e  it would be hand led  

in a different  way.  The s y s t e m  is de s igned  to be ab le  to hand le  faults  a n d  line faul ts  in ve ry  s h o r t  t ime 

per iods .  

B u s  V o l t a g e  ( p u )  b e f o r e  

t r i p  

V o l t a g e  ( p u )  a f t e r  t r i p  

b e f o r e  s w i t c h e d  s h u n t s  

a n d  t a p  a d j u s t e r s  

V o l t a g e  ( p u )  a f t e r  t r i p  a n d  

s w i t c h e d  s h u n t s  a n d  t a p  

a d j u s t e r s  

Kvanda l  1 . 0 3 0 0  1 . 0 2 3 7  1 . 0 3 0 0  

Bardufoss  1 . 0 3 4 3  1 . 0 2 9 9  1 . 0 3 3 3  

Balsfjord 1 . 0 3 5 0  1 . 0 3 2 0  1 . 0 3 5 0  

Sk ibo tn  1 . 0 4 0 1  1 . 0 2 9 1  1 . 0 3 1 9  

Goulas jåkka  1 . 0 4 1 5  1 . 0 2 7 3  1 . 0 3 0 0  

Nordreisa 1 . 0 4 1 9  1 . 0 2 5 6  1 . 0 2 8 1  

K v æ n a n g e n  1 . 0 4 1 3  1 . 0 2 3 2  1 . 0 2 5 5  

Alta 1 . 0 3 7 9  1 . 0 1 9 0  1 . 0 2 1 1  

Ska id i  1 . 0 2 9 1  1 . 0 1 3 5  1 . 0 1 5 2  

Lakselv 1 . 0 2 6 7  1 . 0 1 4 3  1 . 0 1 5 7  

Davvi  1 . 0 1 7 5  1 . 0 1 7 5  1 . 0 1 7 5  

Adamse lv  1 . 0 1 5 1  1 . 0 1 1 2  1 . 0 1 1 3  

Varange rbo tn  1 . 0 0 4 4  1 . 0 1 7 5  1 . 0 1 7 5  

T a b l e  2 1 :  Voltages of the  b u s e s  a long  the  4 2 0  kV line from Balsfjord to Varange rbo tn  before  a n d  a f t e r  

trips as well  as switch s h u n t  a n d  t a p  a d j u s t e r s .  

4 . 6 . 2  Maximum product ion ,  min imum local  load,  Davvi  3 5 0  MW 

Table 22 s h o w s  the  resul ts  for tripping different  lines dur ing t h e  scenar io  m a x i m u m  product ion,  

min imum local  load b u t  w h e n  Davvi  is d e c r e a s e d  to 3 5 0  MW. For a r e a l  scenar io  if all  t h e s e  wind f a rms  

a n d  lines were  built, it migh t  be possible to d e c r e a s e  product ion in F innmark  overa l l  with 4 5 0  MW, 

in s t ead  of having Davvi  taking the  whole reduct ion  in o r d e r  to s p r e a d  the  losses .  Another  opt ion would 
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be to a s s u m e  an increase  in load in F innmark  by 5 0 0  MW, or a d e c r e a s e  in hydro  p o w e r  product ion no r th  

of Vietas.  All violated limits were  t h e r m a l  limits. The line b e t w e e n  Norway a n d  S w e d e n  at Sildvik w a s  

ove r loaded  for a l l  tr ips,  s e e  sec t ion  4 . 6  for discussion a r o u n d  this topic. 

N e t w o r k  

e q u i p m e n t  

L imi t  

v a l u e  

MVA 

S i m u l a t e d  

v a l u e  MVA 

Tr ip  N o t e  

4 2 0  kV line 

b e t w e e n  Vietas 

a n d  Porjus 

1 0 9 1  1 1 9 6 . 6  

( 1 0 0 . 5 % )  

Trip 420  kV line Davvi  – 

Lakselv (N-1)  

Trip 1 3 2  kV line Adamse lv  

– Lakselv (N-1)  

4 2 0  kV line 

b e t w e e n  Vietas 

a n d  Porjus 

1 0 9 1  1 2 3 4 . 6  

( 1 1 3 . 2 % )  

Trip 420  kV line Davvi  - 

Adamse lv  (N-1)  

As less p o w e r  c a n  go 

t h r o u g h  Finland, the  line 

to S w e d e n  is over loaded .  

Trip 1 3 2  kV line Adamse lv  

– Varange rbo tn  (N-1)  

(line 1) 

Trip 1 3 2  kV line Adamse lv  

– Varange rbo tn  (N-1)  

(line 2) 

Trip 420  kV line Davvi  – 

Lakselv, w h e n  4 2 0  kV line 

Davvi  - Adamse lv  is o u t  of 

service (N-1 -1 )  

Trip 420  kV line Davvi  - 

Adamselv,  w h e n  4 2 0  kV 

line Davvi  – Lakselv is o u t  

of service (N-1 -1 )  

Trip 420  kV line just nor th  

of Ofoten  t h a t  is the  

corridor to the  s o u t h  (line 

1) 

Trip 420  kV line just nor th  

of Ofoten  t h a t  is the  

corridor to the  s o u t h  of 

Norway (line 2) 

Trip 420  kV line just s o u t h  

of Ofoten  
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4 2 0  kV line 

b e t w e e n  

H a r s p r å n g e t  

a n d  Porjus 

1 0 9 1  1 1 2 0 . 5  

( 1 0 2 . 7 % )  

Trip t h e  4 2 0  kV line t h a t  

g o e s  from SE1 to SE2 

(line 1) 

Line 1 g o e s  from Porjus 

to Grundfors  a n d  w h e n  

t h a t  line is t r ipped m o r e  

p o w e r  h a s  to t ake  the  

p a t h  d o w n  t h e  o t h e r  

lines which m e a n s  t h a t  

all  p o w e r  ha s  to go 

t h r o u g h  Har sp rånge t .  

This leads  to an 

over loading.  

Trip the  4 2 0  kV line t h a t  

g o e s  from SE1 to SE2 

(line 2) 

Trip t h e  4 2 0  kV line t h a t  

g o e s  from SE1 to SE2 

(line 3) 

4 2 0  kV line 

b e t w e e n  Vietas 

a n d  Porjus 

1 0 9 1  1 1 4 6 . 9  

( 1 0 5 . 1 % )  

Trip t h e  4 2 0  kV line t h a t  

g o e s  from SE1 to SE2 

(line 4) 

4 2 0  kV line 

b e t w e e n  Hjälta 

a n d  Kilforsen 

1 0 9 1  1 1 7 4 . 5  

( 1 0 7 . 7 % )  

Trip t h e  4 2 0  kV line t h a t  

g o e s  from SE1 to SE2 

(line 4) 

As line 4 is t r ipped,  m o r e  

p o w e r  h a s  to go t h r o u g h  

all  the  b u s e s  a r o u n d  the  

swing bus  ins t ead  of 

tak ing  t h e  rou te  a long 

t h e  coas t ,  s e e  Figure 7 

a n d  Figure 9 for 

geograph ica l  position of 

line 4 to the  swing bus .  

Trip 420  kV line b e t w e e n  

Vietas a n d  Ritsem 

Trip Davvi  wind fa rm 

T a b l e  2 2 :  Over loaded  lines dur ing trips for  the  scenar io  m a x i m u m  product ion,  min imum local  load 
w h e r e  Davvi  h a s  b e e n  d e c r e a s e d  to 3 5 0  MW. 

For the  s a k e  of the  analys is ,  Davvi  was  curtai led to 50 MW which m e a n t  t h a t  an over load  b e t w e e n  Vietas 

a n d  Porjus at a trip of the  4 2 0  kV line b e t w e e n  4 2 0  kV Davvi  – Adamse lv  was  avoided .  
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4 . 6 . 3  Maximum product ion ,  m a x i m u m  load 

Table 23 s h o w s  the  resul ts  for tripping different  lines dur ing t h e  scenar io  m a x i m u m  product ion,  

m a x i m u m  load. The line b e t w e e n  Norway a n d  S w e d e n  at Sildvik was  over loaded  for m o s t  tr ips,  s e e  

sec t ion  4 .6  for discussion a r o u n d  this topic. All violated limits were  t h e r m a l  limits. 

N e t w o r k  

e q u i p m e n t  

L imi t  

v a l u e  

MVA 

S i m u l a t e d  

v a l u e  MVA 

Tr ip  N o t e  

Trip 420  kV line Davvi  – 

Lakselv (N-1)  

Trip 1 3 2  kV line Adamse lv  

– Lakselv (N-1)  

4 2 0  kV line 

b e t w e e n  Vietas 

a n d  Porjus 

1 0 9 1  1 2 5 1 . 5  

( 1 1 4 . 7 % )  

Trip 420  kV line Davvi  - 

Adamse lv  (N-1)  

As less p o w e r  c a n  go 

t h r o u g h  Finland, the  line 

to S w e d e n  is over loaded .  

1 3 2  kV line 

b e t w e e n  

Lakselv a n d  

Adamse lv  

1 9 9 . 5  2 3 3 . 7  

( 1 1 7 . 1 % )  

Trip 420  kV line Davvi  - 

Adamse lv  (N-1)  

As the  4 2 0  kV line to 

Adamse lv  is t r ipped,  

p o w e r  g o e s  f rom Davvi  

to Lakselv,  a n d  t h e n  

d o w n  to 1 3 2  kV a n d  t h e n  

ac ros s  the  1 3 2  kV line to 

Adamse lv  a n d  t h e n  back  

up to 4 2 0  kV Adamse lv  

a n d  a long towards  

Finland. 

Trip 1 3 2  kV line Adamse lv  

– Varange rbo tn  (N-1)  

(line 1) 

Trip 1 3 2  kV line Adamse lv  

– Varange rbo tn  (N-1)  

(line 2) 

4 2 0  kV line 

b e t w e e n  Hjälta 

a n d  Kilforsen 

1 0 9 1  1 1 5 9 . 5  

( 1 0 6 . 3 % )  

Trip 420  kV line Davvi  – 

Lakselv, w h e n  4 2 0  kV line 

Davvi  - Adamse lv  is o u t  of 

service (N-1 -1 )  

This over load  probably  

occur red  b e c a u s e  the  

swing bus  h a s  to 

c o m p e n s a t e  for the  loss 

in product ion w h e n  

Davvi  is d i sconnec ted .  
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4 2 0  kV line 

b e t w e e n  Hjälta 

a n d  Kilforsen 

1 0 9 1  1 1 5 9 . 4  

( 1 0 6 . 3 % )  

Trip 420  kV line Davvi  - 

Adamselv,  w h e n  4 2 0  kV 

line Davvi  – Lakselv is o u t  

of service (N-1 -1 )  

This over load  probably  

occur red  b e c a u s e  the  

swing bus  h a s  to 

c o m p e n s a t e  for the  loss 

in product ion w h e n  

Davvi  is d i sconnec ted .  

Trip 420  kV line just nor th  

of Ofoten  t h a t  is the  

corridor to the  s o u t h  

(line 1) 

Trip 420  kV line just nor th  

of Ofoten  t h a t  is the  

corridor to the  s o u t h  of 

Norway (line 2) 

Trip 420  kV line just s o u t h  

of Ofoten  

Trip the  4 2 0  kV line t h a t  

g o e s  from SE1 to SE2 

(line 1) 

4 2 0  kV line 

b e t w e e n  Hjälta 

a n d  Kilforsen 

1 0 9 1  1 0 9 4  

( 1 0 0 . 3 % )  

Trip t h e  4 2 0  kV line t h a t  

g o e s  from SE1 to SE2 

(line 2) 

Trip the  4 2 0  kV line t h a t  

g o e s  from SE1 to SE2 

(line 3) 

4 2 0  kV line 

b e t w e e n  Vietas 

a n d  Porjus 

1 0 9 1  1 1 4 6 . 9  

( 1 0 5 . 1 % )  

Trip t h e  4 2 0  kV line t h a t  

g o e s  from SE1 to SE2 

(line 4) 

4 2 0  kV line 

b e t w e e n  Hjälta 

a n d  Kilforsen 

1 0 9 1  1 2 0 0 . 8  

( 1 1 0 . 1 % )  

Trip t h e  4 2 0  kV line t h a t  

g o e s  from SE1 to SE2 

(line 4) 

As line 4 is t r ipped,  m o r e  

p o w e r  h a s  to go t h r o u g h  

all  the  b u s e s  a r o u n d  the  

swing bus  ins t ead  of 

tak ing  t h e  rou te  a long 

t h e  coas t ,  s e e  Figure 7 

a n d  Figure 9 for 

geograph ica l  position of 

line 4 to the  swing bus .  

Trip 420  kV line b e t w e e n  

Vietas a n d  Ritsem 
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4 2 0  kV line 

b e t w e e n  Hjälta 

a n d  Kilforsen 

1 0 9 1  1 1 5 3 . 8  

( 1 0 5 . 8 % )  

Trip Davvi  wind fa rm This over load probably  

occur red  b e c a u s e  the  

swing bus  h a s  to 

c o m p e n s a t e  for the  loss 

in product ion w h e n  

Davvi  is d i sconnec ted .  

T a b l e  2 3 :  Over loaded  lines dur ing trips for  the  scenar io  m a x i m u m  product ion,  m a x i m u m  load. 
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5 CONCLUSIONS 

The cross  re fe rence  of S ta tne t t ’ s  plausible fu ture  scenar io  s h o w s  t h a t  we a g r e e  t h a t  in F innmark  react ive 

p o w e r  r e se rves  a r e  a b igger  i ssue  t h a n  t h e r m a l  limit b reaching .  The r e a s o n  for this is t h a t  the  lines 
connec t ing  t h e  different  product ions  with loads  m u s t  be ve ry  long to cover  t h e  d i s t ances  p r e s e n t  in this 

p a r t  of the  count ry .  In o r d e r  to c o m b a t  this i s sue ,  react ive p o w e r  r e s e r v e s  have  to be instal led.  A m o r e  

de ta i led  analysis  could no t  be carr ied o u t  as it w a s  n o t  c lear  from S ta tne t t ’ s  r epor t  w h a t  react ive 

r e q u i r e m e n t s  were  given n e w  wind f a rms ,  or which tripping scenar ios  h a d  to be accep tab le .  

The 2 0 2 5  re fe rence  c a s e  t h a t  w a s  built included Davvi  a n d  s e v e r a l  o t h e r  n e w  as well  as u p g r a d e d  

exist ing wind f a rms  in F innmark  a n d  Troms,  as well as a n e w  4 2 0  kV line from Ska id i  to Pirttikoski, a n d  a 

4 2 0  kV line b e t w e e n  Messaure  a n d  Keminmaa .  This re fe rence  c a s e  a s s u m e d  high product ion a n d  load 

a n d  s h o w e d  no i s sues  for the  t r ansmiss ion  grid. The increase  in p o w e r  from the  wind f a rms  were  

c o m p e n s a t e d  for by a d e c r e a s e  in t e n  large hydro  p o w e r  p lants  b o t h  in S w e d e n  a n d  Norway. 

The reg iona l  grid a r o u n d  s o m e  of t h e  n e w  wind f a rms  was  over loaded  b e c a u s e  of the  increase  in power ,  

which h a d  noth ing  to do with Davvi. These  lines a r e  being s t r e n g t h e n e d  at the  m o m e n t  which will m e a n  

t h a t  t h e y  will be able  to handle  t h e  increase  p o w e r  in c a s e  those  wind f a rms  were  built in reality. 

The reg iona l  1 3 2  kV line b e t w e e n  Norway a n d  S w e d e n  at Sildvik a n d  T o r n e h a m n ,  just  nor th  of Ofoten,  
w a s  also over loaded  for the  re fe rence  c a s e  a n d  for a l m o s t  all  scenar ios  a n d  trips. Even  t h o u g h  this line is 

regional ,  the  over loading occurs  d u e  to an increase  in wind p o w e r  in Finnmark,  a n d  t h e  fact  t h a t  it g o e s  

paral le l  to the  4 2 0  kV line from Ofoten  to Porjus.  There  a r e  two sugges t ions  to c o m b a t  this i ssue:  

s t r e n g t h e n i n g  t h e  line, or mak ing  it radial. S t r e n g t h e n i n g  the  line would be expens ive  as the  whole 

s t r e t c h  t h a t  ge t s  over loaded  is o v e r  1 3 8  km long. Making this line rad ia l  would be a c h e a p  opt ion  a n d  be 

b e s t  accompl i shed  by d isconnect ing  t h e  line b e t w e e n  S t e n b a c k e n  a n d  Kivaar. This h o w e v e r  would lead  to 

an inc reased  over load  for the  420  kV p a t h  from Ofoten  d o w n  SE1 as m o r e  p o w e r  m u s t  t ake  t h a t  pa th .  

3 scenar ios  t h a t  c h a n g e d  p a r a m e t e r s  on t h e  re fe rence  c a s e  were  ana lysed :  o n e  with m a x i m u m  

product ion a n d  min imum local  load; o n e  with m a x i m u m  product ion a n d  m a x i m u m  load; a n d  o n e  with 

min imum product ion a n d  min imum local  load.  The only n e w  bus  of i n t e re s t  t h a t  was  b r e a c h e d  dur ing a n y  

of t h e  scenar ios  or trips was  the  1 3 2  kV bus  Båtsfjord t h a t  h a d  an undervo l t age .  This bus  is 

geographical ly  close to Hamnef je l l  a n d  Raggovidda a n d  it w a s  a s s u m e d  t h a t  if t h e s e  wind f a rms  were  

e x p a n d e d  t h e y  would cont r ibute  with e n o u g h  react ive p o w e r  to k e e p  the  vol tage up on the  bus .  

Consequen t ly ,  b reach ing  of vol tage limits on b u s e s  was  no t  cons idered  a problem for a n y  of the  

scenar ios  n o r  trips of lines. 

The scenar io  with m a x i m u m  product ion  a n d  min imum local  load s h o w e d  problems for the  t r ansmiss ion  

grid e v e n  wi thout  tr ipping a n y  line a n d  is there fore  cons idered  an unaccep tab le  scenar io .  The line t h a t  

w a s  m o s t  s t r e s s e d  was  t h e  4 2 0  kV line b e t w e e n  Vietas a n d  Porjus,  which was  n o t  surpr is ing consider ing 

its history.  This s t u d y  ha s  n o t  done  a n y  analysis  on h o w  likely this scenar io  is, or h o w  of ten  it would 

occur.  It is r easonab le  to a s s u m e  t h a t  min imum local  load would h a p p e n  dur ing s u m m e r ,  w h e n  wind 

p o w e r  typically produce  less which m e a n s  t h a t  this scenar io  is m o s t  likely u n c o m m o n .  

If t h e  scenar io  d o e s  h a p p e n ,  it could be c o m b a t t e d  in different  ways :  h igher  load; lower  product ion;  a 

combina t ion  of bo th ;  or se r ies  c o m p e n s a t i o n  or line splitting of specific lines in o r d e r  to direct  the  power .  

A reduct ion in product ion would m o s t  likely be done  e i t he r  by the  wind f a rms  in F innmark ,  collectively or 
only by Davvi, or by hydro  p o w e r  nor th  of t h e  line b e t w e e n  Vietas a n d  Porjus.  An increase  in load could 

be e x p e c t e d  in F innmark  as electrification of pe t ro leum instal lat ions,  as well  as building of n e w  mines  

h a v e  b e e n  d i scussed .  

For the  s a k e  of the  analys is ,  Davvi  was  lowered from 8 0 0  MW to 3 5 0  MW which m e a n t  t h a t  the  

b reach ing  of the  line b e t w e e n  Vietas a n d  Porjus was  avoided .  In a r e a l  c a s e  if this scenar io  a r o s e ,  it 

m i g h t  be possible to lower all  wind f a rms  to collectively ach ieve  a d e c r e a s e  in p o w e r  of 4 5 0  MW so t h a t  
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t h e  losses  a r e  borne  collectively. An a l te rna t ive  s imula t ion  w a s  carr ied  o u t  where  a load of 4 5 0  MW was  

a d d e d  to F innmark  with also took  a w a y  the  over loading of t h e  line Vietas – Por jus .  

It is likely t h a t  the  4 2 0  kV line f rom Varangerbo tn  to Pirtt ikoski would be se r ies  c o m p e n s a t e d  if it w a s  

built. An analysis  was  m a d e  for this possibility a n d  for this s t u d y  it was  a s s u m e d  to be c o m p e n s a t e d  to 

5 0 % .  The resul ts  were  t h a t  significantly m o r e  p o w e r  t ook  the  p a t h  t h r o u g h  Finland a n d  there fore  

rel ieved the  line from Ofoten d o w n  SE1.  The Sildvik – T o r n e h a m n  p a t h  was  still over loaded ,  b u t  no t  the  

Vietas – Porjus line. By disconnect ing the  line b e t w e e n  S t e n b a c k e n  a n d  Kivaar the  over loading of the  

1 3 2  kV line d i s a p p e a r e d ,  b u t  t h e  Vietas – Porjus line b e c a m e  over loaded .  By dec reas ing  the  product ion 

at Vietas to 1 8 0  MW, or Davvi  to 5 0 0  MW no lines were  over loaded .  Ser ies  c o m p e n s a t i o n  of t h e  4 2 0  kV 

line from Varange rbo tn  to Pirttikoski s h o w s  sa t i s fac tory  resul ts  a n d  c o n s e q u e n t l y  s e e m s  like a beneficial  

m e a s u r e .  

Another  w a y  of direct ing p o w e r  is to splitting up lines. This was  done  by splitting the  420  kV line 
b e t w e e n  Balsfjord a n d  Skibotn ,  as well  as d isconnect ing  the  1 3 2  kV line S t e n b a c k e n  - Kivaar. By 

reduc ing  t h e  product ion in Vietas to 1 9 0  MV, the  over loading b e t w e e n  Vietas a n d  Porjus was  avoided .  

However ,  this resu l ted  in an over load  on the  1 3 2  kV line b e t w e e n  Balsfjord a n d  Skibotn .  Disconnect ing 

t h a t  line resu l ted  in an over load  on o t h e r  lines in the  1 3 2  kV grid as the  grid was  m e s h e d .  It migh t  be 

possible to split t h e  grid in a w a y  t h a t  would be sa t i s fac tory ,  b u t  from this analysis  it would n o t  be 

r e c o m m e n d e d  as an opt ion.  

The o t h e r  scenar ios  s h o w e d  no prob lems  for the  t ransmiss ion  grid. The scenar io  m a x i m u m  product ion,  
m a x i m u m  local  load s h o w e d  an over load in the  1 3 2  kV line b e t w e e n  Norway a n d  S w e d e n  at Sildvik a n d  

T o r n e h a m n .  By d isconnect ing  the  line b e t w e e n  S t e n b a c k e n  a n d  Kivaar the  line w a s  n o t  ove r loaded  

a n y m o r e ,  h o w e v e r  t h e  line b e t w e e n  Vietas a n d  Porjus b e c a m e  over loaded .  The over loading could be 

avoided  by dec reas ing  the  wind p o w e r  in Finnmark,  hydro  power  at for e x a m p l e  Vietas, or an 

a s s u m p t i o n  t h a t  m o r e  load will be p r e s e n t  in F innmark  by 2 0 2 5 .  

15 different  tr ipping scenar ios  were  carr ied o u t  on the  following scenar ios :  m a x i m u m  product ion,  

min imum local  load; m a x i m u m  product ion,  min imum local  load b u t  Davvi  d e c r e a s e d  to 3 5 0  MW; a n d  

m a x i m u m  product ion,  m a x i m u m  load. As line 1 b e t w e e n  SE1 a n d  SE2 was  t r ipped,  the  line b e t w e e n  

Porjus a n d  H a r s p r å n g e t  was  over loaded  for  all  scenar ios  e x c e p t  where  Davvi  was  res t r ic ted  to 3 5 0  MW. 

The b reach ing  of the  t h e r m a l  limits b e t w e e n  Vietas a n d  Porjus w a s  the  m o s t  c o m m o n  b r e a c h  a n d  

there fore  cons idered  to be the  m a j o r  problem for the  different  scenar ios  a n d  trips.  This s t u d y  h a s  n o t  

inves t iga ted  h o w  c o m m o n  or plausible the  different  scenar ios  a n d  trips a r e ,  b u t  if s u c h  a s t u d y  would 

s h o w  t h a t  t h e s e  s i tua t ions  a r e  c o m m o n  a n d  it could be s h o w n  t h a t  it was  economical ly  justifiable, a 

r e in fo rcement  of this s e g m e n t ,  or the  whole s t r e t c h  b e t w e e n  Ofoten a n d  Har sp rånge t ,  could potential ly 

be beneficial. 

The tripping of t h e  420  kV line b e t w e e n  Davvi  a n d  Adamselv  s h o w e d  wors t  c o n s e q u e n c e s  for t h e  grid,  

n o t  only b e t w e e n  Vietas a n d  Porjus b u t  a lso for the  1 3 2  kV line b e t w e e n  Lakselv a n d  Adamselv .  It might  

be s u g g e s t e d  t h a t  should  this line trip in reali ty w h e n  Davvi  is producing m o r e  t h a n  3 5 0  MW, t h e n  Davvi  

is d i sconnec ted  or res t r ic ted d o w n  to 3 5 0  MW where  the  1 3 2  kV line c a n  hand le  the  power .  Alternatively 

t h e  line is d i sconnec ted .  

Overal l  a connec t ion  of all  the  s u g g e s t e d  wind p o w e r  is feasible,  as long as the  4 2 0  kV line b e t w e e n  

Ska id i  a n d  Pirttikoski is built. Cer ta in  scenar ios  a n d  trips of lines will pose  p rob lems  for s o m e  p a r t  of the  

t r ansmiss ion  grid as well  as t h e  reg iona l  grid. Different m e a s u r e s  c a n  be t a k e n  in o r d e r  to avoid the  

over loading in the  t r ansmiss ion  grid s u c h  a s :  cur ta i lment  or d isconnect ion of wind power ,  just Davvi  or 

collectively in t h e  whole of F innmark  a n d  Troms;  e x p e c t e d  increase  in load in F innmark  in the  form of 

electrification of pe t ro leum installat ions or building of n e w  mines ;  cur ta i lment  of hydro p o w e r  no r th  of 

Vietas; s t r e n g t h e n i n g  of lines, bo th  vulnerable  4 2 0  kV a n d  1 3 2  kV lines; d isconnect ion of t h e  1 3 2  kV line 

b e t w e e n  S t e n b a c k e n  a n d  Kivaar; se r ies  c o m p e n s a t i o n  of the  4 2 0  kV line b e t w e e n  Varange rbo tn  a n d  

Pirttikoski; or a combinat ion  of s o m e  or a l l  of the  a b o v e .  
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ABOUT D N V G L  
DNV GL is a g lobal  quali ty a s s u r a n c e  a n d  risk m a n a g e m e n t  c o m p a n y .  Driven by o u r  pu rpose  of 
s a f egua rd ing  life, p rope r ty  a n d  the  env i ronmen t ,  we e n a b l e  o u r  c u s t o m e r s  to a d v a n c e  the  s a f e t y  a n d  
susta inabi l i ty  of the i r  bus iness .  We provide classification, t echn ica l  a s s u r a n c e ,  sof tware  a n d  i n d e p e n d e n t  
e x p e r t  adv isory  services  to the  mar i t ime ,  oil & g a s ,  p o w e r  a n d  r enewab les  industr ies .  We also provide 
certification, supp ly  chain a n d  d a t a  m a n a g e m e n t  services  to c u s t o m e r s  ac ross  a wide r ange  of industr ies .  
Opera t ing  in m o r e  t h a n  1 0 0  count r ies ,  o u r  e x p e r t s  a r e  ded ica t ed  to helping c u s t o m e r s  m a k e  the  world 
sa fe r ,  s m a r t e r  a n d  g r e e n e r .  


