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Abstract – Due to the stochastic nature of wind and clouds, 
the integration of wind and PV generation in the power 
system poses serious challenges to the long-term planning of 
transmission systems. Grid reinforcements always involve 
relevant direct costs while the average load factor of the wind 
and solar PV dedicated transmission lines is usually low. 
Additionally, in very windy sites, the same high wind 
resource that produces large amounts of wind generation and 
may congest the transmission lines transporting it to distant 
consumption centres may also have a beneficial effect in 
increasing the transmission capacity of those lines. In fact, the 
occurrence of wind not only contributes to the loading of the 
connecting line, but also increases the line capacity, via the 
convective cooling of the cables - one of the main heat 
transfer mechanisms in conductor heat balance; in other 
words, higher winds speeds contribute to faster cooling of 
conductor and therefore higher conductor’s capacity 
potential. In this paper the existing methodologies to 
characterize those thermal effects in electrical cables - usually 
referred as dynamic line rating (DLR) - are applied to several 
IEA Task 25 countries case studies to characterize the 
technical value of the dynamic operation of thermally 
congested lines, as well as its potential economic benefits.  
 

Keywords - Wind power integration, DLR, VRE, 
Cable thermal balance, smart grids. 
 
1. INTRODUCTION 
 
Electric grid capacity is a very scarce “product” whereas 
the construction of supporting transmission and 
distribution network is highly time and resource 
consuming. The purpose of using the “in real-time 
methodology” usually referred as dynamic line rating 
(DLR) is to enable power system operations with higher 
thermal ratings than the ones specified by nominal 
conditions without compromising the physical operating 
limits of overhead lines on existing transmission and 
distribution networks.  
The use of DLR in conjunction with the integration of 
variable renewable energies (VRE) mainly wind and PV 
systems, is especially relevant due to the lower capacity 
factor (and high investments) associated with the 
transmission lines serving these renewable power plants. 

DLR provides the possibility of using “hidden” capacity 
of existing transmission lines to accommodate additional 
wind (PV or other VRE) power generation.  
The physical and operational limits of electrical lines 
hinge on two main criteria: maximum conductor 
temperature, and minimum distance above ground – or 
clearance. Using a dynamic line rating (DLR) approach 
one may compute a realistic set of values for the line 
capacity, thus it can be used as a cost-effective solution 
to alleviate line congestion problems and achieve both an 
optimal loading of the grid for different weather 
conditions, while minimizing the cost of new VRE 
connection to the grid. 
A few operational DLR analysis systems were recently 
developed and applied by research and academic 
organizations  - e.g. LNEG [1], [2]; KTH [3], [4] and 
INL [5], [6], among others - all based on CIGRE and/or 
IEEE methods for thermal rating calculation of overhead 
lines [7]–[9]. Some of the tools also associate the DLR 
analysis to the calculation of an optimized power flow 
with variable renewable generation, e.g. [2], while others 
are focused on reliability aspects and risk analysis of the 
electrical network [10]. Presently, a common objective of 
these R&D groups is the analysis of the benefits of DLR 
use and the identification of risks and constraints.  
The present paper compares static line ratings (SLR) and 
Dynamic Line Ratings (DLR) results, demonstrates the 
value of using DLR at the planning phase of new 
transmission lines (in areas with high wind probability) 
and implements DLR operational real time tools with 
wind forecast systems. It allows to assess the lines’ added 
ampacity available (or not) given the meteorological 
conditions present, and to estimate the lines capacity 
values, thus showing the value added by using a DLR 
approach when operating transmission lines in different 
regions.  
This work presents the DLR case studies for four IEA 
Task 25 countries: Portugal, Sweden, Germany and 
United States, makes a brief description of the 
methodologies and approaches used, mostly previously 
published. The case studies addressed demonstrate the 
potential of DLR on different scales and highlight the 
precautions when using it. 



S
di
de
th
de
ap
 
2
 
T
“s
of
th
re
co
“ i
in
an
T
nu
[7
A
IE
an
m
F
m
in
an
th
m
co
T
to
S
co
(C
m
(R
m
ru
w
th
lo
C
w
T
ad
ag
si
in
ca
tr
fo
sl
fr
m
fo
ap
de
m
th
hi

ection 2 pres
ifferent R&D
escription of t
he results obt
etail in section
pplicability an

. THE DLR 

TSOs common
steady-state” t
f local extrem
he maximum 
ecent years a s
onditions hav
in-time” valu
nclusion of t
nalysis approa

That approach
umerical therm
7] and CIGR

Arroyo et al in
EA Task 25 
nalogous and

methodologica
or Portugal, 

methodology 
ntegrated with
n ArgGIS inte
he lines. We
meteorological
oupled with d

The method us
o study the dy
States case stu
ollected weath
CFD) model. 

model, the stea
RANS) appro

modeling. This
un on a works

weather model
he weather s
ocations for c
CFD software h
wind flows [5]
The use of CF
dvantages. Th
gainst known
imilarity of 
nterpolation o
alculation of 
ransmission li
or weather dat
low wind spe
rom the weath

more conserva
or the line. 
pproach, no o
evices, such a

measurements.
he use of weat
istorical analy

sents the DLR
D groups and
the selected c
tained, that a
n 5. Some fin
nd value of DL

METHODOL

nly use numeri
thermal equil

me meteorolog
ampacity of 

set of measure
e been used in
ues for the 
the cables th
ach imposes a
h lead to t
mal models su
RÉ [8] simil
n [9]. The DL
countries and
d based in 

al approaches. 
LNEG built 
[1], [2] us

h an optimal p
erface for grid
eather input 
l series (wind/
data mining ap
sed by the Ida
ynamic line ra
udies require
her data with 

To calculate
ady-state Reyn
oach is used 
s approach al
station compu
ling, WindSim
station locatio
calculating the
has been valid
, [6], [12], [13
FD in DLR c
he first is tha
n weather da
boundary lay

of the CFD 
a wind spee

ines with only
ta collection. 
eeds occurrin
her station lo
ative estimate

With a co
outage of the 
as direct techn
 The adaptab
ther data from
ysis as done 

R methodolog
d Section 3 
case studies. S
are discussed 
nal remarks ar
LR in Section

LOGY 

ical models to
ibrium for a p
gical conditio
the overhead

ed or forecaste
nstead, to obt
cable’s ampa

hermal inertia
a dynamical th
the developm
uch as the IE
lar approache

LR physical m
d presented i

those two 

and applied 
sing GICRÉ
power flow (O
d layout and g
uses historic
/solar) from m

pproaches [11]
aho National L
ating calculati
s the couplin
a computation
e the wind f
nolds-Averag
for the large

llows for a m
uter. The softw
m, allows for 
ons to the t
e wind speed
dated in sever
3] . 
calculations h
at the CFD c
ata using the
yer flow for
wind speeds

ed at specific 
y sparsely po
This allows f
g due to terr
cations, whic
 of the total 
oupled CFD
line is neede

niques using te
bility of the m
m any input – 

here, but al

gies used by 
provides a b

Section 4 pres
and analysed

e provided on
n 6. 

o assess the ca
predetermined
ons, which de
d power lines
ed meteorolog
tain more real
acity[1]–[6]. 
a in the ther
hermal balance
ment of deta
EE Std 738-2
es, compared

models used in
in this paper 

main stand

a DLR anal
’s model, l

OPF) model u
geo-referencin
c and foreca
mesoscale mo
]. 
Laboratory (IN
ion in the Un
ng of historic
nal fluid dyna
field in the C
ged Navier-Sto
e scale turbu

model that can
ware used for
easy coupling

transmission 
. The use of 
al past studies

has several m
can be calibr
e assumption
r accuracy. 
s allows for 

locations of 
opulated locat
for accounting
rain effects a
ch in turn giv

DLR calcula
-weather sta

ed for installa
emperature or

method allows
which allows
so allows for

y the 
brief 
sents 
d in 
n the 

ables 
d set 
efine 
s. In 
gical 
listic 
The 

rmal 
e.  
ailed 
2012 
d by 
n the 

are 
dard 

lysis 
later 

using 
ng of 
asted 
odels 

INL) 
nited 
cally 
amic 
CFD 
okes 
ulent 
n be 
r the 
g of 
line 
this 

s for 

major 
rated 
n of 
The 
the 

f the 
tions 
g for 
away 
ves a 
ation 
ation 
ation 
r sag 
s for 
s for 
r an 

an
in
th
tra
Fo
th
on
pr
th
pr
 
3.
 
3.
Th
fo
In
op
to
w
re
de
th
th
m
te
23
pr
lo
(A
th
th
ad
fo
m
th
m
fo
ca

F

 

nalysis to be 
nstead. If direc
he utility, CF
ansmission lin
or Germany, i

he conversion 
n the CIGRÉ a
ressure and th
he thermal co
resented in det

. FOUR IEA

.1 Portugal 
he case study
or a Portugu
nterior) where
perating. Pinh
otalling 1480 
with 1060 MW
enewable pow
epicted in Fig
he overhead p
he Portuguese
meteorological 

mperature and
3, 2009 at 1:0
resented in th
oads located 
Alentejo) due
hrough wind a
he rise on the 
dditional wind
or 80 m a.g.l. 

models for each
he number o
manufacturer g
or each hour w
alculated acco

Fig. 1 DLR case
the r

done by imp
ct measuremen
FD can be 
ne midpoints f
in the case stu
of weather da
approach. It w
he humidity as
ooling. For S
tail in [3], [4]

TASK 25 DL

y for the DLR
ese central a
a large renew

hal Interior h
MW and 14

W of nominal c
wer plants and

. 1. The chara
ower transmi
e TSO alon
data used for

d wind veloci
0 p.m. The D

his paper intr
region sou

e to its envi
and PV distrib

energy expo
d power gene
were obtained
h wind park in
f wind turbi
guaranteed po
was computed 
rdingly.  

e study: transm
region of Pinha

mporting forec
nt devices are

used to id
for its installa
udy build by F
ata to ampaci

was expanded 
s further inpu

Sweden, the m
. 

LR CASE ST

R analysis too
and interior 

wable capacity
has 45 wind

4 hydroelectri
capacity. The

d the grid layo
acteristic para
ission lines ar
ng with real 
r the static rat
ity), calculate

DLR scenario 
roduces a str
uthern to P
isaged genera
buted generat

orted to Spain
eration, the w
d using meso
in the region. 
ines of each
ower curve, t
and the ampa

mission grid and
al Interior, Portu

casted data se
e still wanted b
dentify limitin
tion. 
Fraunhofer IE
ity is also bas
by using the a

uts to determi
methodology 

TUDIES  

ol uses real da
region (Pinh

y is installed an
d power plan
ic power plan
e location of t
out is general

ameters used f
re published b

georeferenc
ting (irradianc
d for Decemb
constructed an
ong rise in t
Pinhal Interi
al developme
tion, along wi
n. To obtain t
wind speed da
scale numeric
Then, based o
park and t

he wind pow
acity of the lin

d power plants in
ugal. 

ets 
by 
ng 

EE, 
ed 
air 
ne 
is 

ata 
hal 
nd 
nts 
nts 
the 
lly 
for 
by 
ed 
ce, 
ber 
nd 
the 
ior 
ent 
ith 
the 
ata 
cal 
on 
the 

wer 
nes 

 
n 



3.
C
sp
te
W
in
D
m
In
co
m
T
th
ca
pa
m
C
at
so
m
co
ov
th
ca
cu
D
T
sy
sy
co
fa
w
 

 
 

.2 Sweden 
Climate in Sw
pecifically in
emperatures an
While a lot of
ndirect/numeri
DSO E.On ha
measuring devi
n Sweden, E
onnecting wi

monitoring dev
The installation
he island Ölan
ase was to ins
art of the isl

made by two 5
Calculations sh
t its maximu
olution was to

measure the tem
ontrol system
verriding 50 °
he shore so 
alculations sh
urtailed more

DLR equipmen
The DLR syst
ystem on the 
ystem (see F
ontrol the wi
aults and haz

will take over. 

Fig. 2 - T

Fig. 3 - DLR i

weden has adv
n wind energ
nd high wind 
f research was
ical DLR ap

as positive ex
ices and indir

E.ON has ov
ind parks to
vices.  
n (and case s
nd at the east 
stall 50 MW o
land. The con
0 kV transmis
howed that the
um with sta
o install a DL
mperature on 

m that could 
°C. The overh

the wind 
howed that th
e than 8 h per
nt were tested 
tem is integra
island and al

Fig. 2 and 3)
ind farm in n
zardous event

The DLR install

integration with

vantages for D
gy field, due 
probability [3
s done on the
pplications m
xperience in u
rect methods f
ver 4 years o
o the grid 

study) in Swe
coast in south
of wind powe
nnection to th
ssion lines.  
e grid had cap
atic temperatu
LR operation
the overhead 
curtail the w

head lines are
effect was v
he wind farm
r year. Two d
in three differ

ated in the ne
lso integrated
). The signals
normal condi
ts the relay p

 
lation on Öland

 
h the SCADA s

DLR applicat
to low amb

3], [4], [10].  
e developmen

methods, Swe
using both di
for DLR syste
of experience
by using D

eden is locate
hern Sweden. 
er on the north
he mainland 

pacity for 30 M
ure ratings. 

nal system and
lines as well 

wind farm w
e located clos
very good. 
m should not
different type
rent places. 
etwork protec
d in the SCAD
s from the D
itions and du
protection sys

d in Sweden. 

ystem (Sweden

tion, 
bient 

nt of 
edish 
irect 
ems. 
e in 
DLR 

ed at 
The 
hern 
was 

MW 
The 
d to 
as a 

when 
se to 
The 
t be 

es of 

ction 
DA-
DLR 
uring 
stem 

 

 

n). 

3.
Fo
lin
th
sit
id
un
co
a 
us
am
th
Fi
RE
ye
ho
G
ta
to
da
tra
Th
co
se
pi
fiv
ou
th
sh
in
lin
Th
m
 
3.
Th
w
ca
te
w
in
C
du
w
tra
ye
pl
Th
ki
m
ro
tra
is 
sh
in
re
re
te
th
pe
th
(D
Th

.3 Germany 
or the case stu
nes are invest
hrough mainly
tuated in alm

dentify if the 
nder different
ompared in th
SLR approac

sing DLR at a
mpacity using
he 20 % with t
ive years of h
EA2, [14]) ar
ears of satellit
orizontal reso

German Winda
aken to adapt t
o local effects
ata was inte
ansmission lin
he maximum 
onductor temp
ecurity reason
icked. The sag
ve investigate
utcome was c
he masts wher
hould be insta
n operations o
nes buffer val
he final possib

maximum poss

.4 United Stat
he area studi

which is a com
anyon is the d
rrain variation

west rim to 230
nterest due a n
ongestion of 
ue to the poss

wind and preve
ansmission lin
ear period of 
laced along th
he exact regi
ilometers east

map of this te
oughness lay
ansmission lin
scaled from 

hrubs, trees an
n the boundar
egions represe
ed regions rep
rrain layer sh

he terrain wit
eaks to the riv
he CFD simul
DEM) data at
he DEM data

udy in German
tigated. One i
y complex terr
most flat terr
DLR method

t general set-u
e results. Firs
ch is shown. 
all times is ca

DLR in wind
he highest win

high resolution
re used withi
te data for the

olution of 6 
atlas [15] with
the statistical 
s. To calculat
rpolated for 
nes. 

ampacity wa
perature had t
ns. At each tim
gs with the m
ed years were 
combined wit
re meteorolog
alled. As the c
only for some
lues are neces
ble ampacity i
ible ampacity 

tes 
ied in North
mplex terrain
deepest river g
ns from 1600 
00 meters on th
number of hyd
the power ou

sibility of the 
enting convec
nes. The data

f data collecti
e transmission
ion of interes
-west and 60 
errain is sho
er and the 
ne structures 
0 to 1 to mo

nd buildings, 
ry condition 
ent smooth ar
present dense

hown next to i
thin this sma
ver level. The
lations using 
t a horizontal

was converte

ny two differe
is comparably
rain. The othe
rain. They w

d developed s
ups. Three sc
st, the nomina
Second, the 

alculated. And
dy times, i.e. o
nd speeds, is d
n reanalysis d
in this study 

he irradiance. 
and 2 km, re
h a resolution
behaviour of 

te the ampaci
each of th

as limited in 
to be always b
me step the li

most limiting t
 defined as “h
th GIS-data t

gical measurem
current weath
e points of th
ssary to keep 
is obtained by

y and subtracti

h America is 
n in  the state 
gorge in Nort
meters above

the east side. T
ydroelectric da
ut of the regio
high mountai

ctive cooling 
a here is ana
ion from 5 w
n line. 
st in this stu
 kilometers n

own in Fig 4
elevation l

shown. The r
odel subgrid 
this roughnes
in the CFD

reas – river o
e vegetation 
it highlights t

all section va
e terrain is im

the digital e
l spatial resol
ed from lat-lo

ent transmissio
y long and go
er is a short li
were picked 
shows a bene
cenarios will 
l capacity usin
mean ampaci

d third the me
of all time ste
derived. 
data (REA6 an
as well as fo
To increase t
espectively, t
n of 200 m w
f the wind spe
ity, the weath
e sags of t

a way that t
below 80°C f
imiting sag w
times within t
hot-spots”. Th
to finally sele
ment equipme
her is monitor
he transmissio
security leve

y calculating t
ing the buffer.

Hells Canyo
of Idaho. T

h America wi
the river on t

This region is 
ams in the are
on is of conce
ins blocking t
currents on t

alyzed over a
weather statio

udy is sized 3
north-south. T
4, for both t
ayer with t
roughness lay
effects such 

ss value is us
 model. Whi
or plains, whi
or forests. T
the steepness 
arying form t
mplemented in
elevation mod
lution of 30 m
ong into a UT

on 
oes 
ne 
to 

efit 
be 
ng 
ity 
an 

eps 

nd 
our 
the 
the 

was 
ed 

her 
the 

the 
for 

was 
the 
his 
ect 
ent 
red 
on 

els. 
the 
. 

on 
he 
ith 
the 
of 

ea. 
ern 
the 
the 
a 1 
ons 

30 
he 
the 
the 
yer 
as 
ed 
ite 
ile 
he 
of 

the 
nto 
del 
m. 

TM 



1
le
st
sa
an
 

  
Fi
b)
 
 
4

 
4.
T
an
w
ev
re
th
m
w
pl
T
u
(T

1 projection. 
ength of the 
tructures are d
ake of this stu
nd correspond

ig. 4 – Hells Ca
) roughness lay

. RESULTS O

POTENTIA

.1 Portugal 
The Portugues
nalyze the ben

where a strong
ventually app
egional lines. 
he existence o
many other di
wind for the t
lants is underw

The study com
sing a static r
TSO’s nomin

There are 16
transmission

divided into 5 
udy, these seg
d to the neares

anyon a) terrain
yer map. 

OF DLR APP

ALLY CONGE

se case study
nefits of using
g increase in

proaches the n
The region u

of a large num
stributed rene
time being, bu
way (at the lic
mputes the n
rate approach

nal operation 

0 structure lo
n line. The t

different line
gments are ci
st weather stat

 
n layer map, and

PLICATION T

ESTED LINES

y was design
g a DLR appr

n the load’s f
network’s con

under study is
mber of hydro 
ewable power
ut the plannin
censing stage)
network’s opti
h to assess th

values) and

ocations along
transmission 
e segments for
ircled in the m
tion locations.

 

 
 
 
 
 
 
 
 
 
 
a) 

 
 
 
 
 
 
 
 
 
 
b) 

d;  

TO  
  

ned to study 
roach in scena
factor occurs 
ngestion in so
 characterized
power plants 
r plants - ma
ng for future 
).  
imal power f
e lines capac

d the results 

g the 
line 

r the 
map 
.  

and 
arios 
and 

ome 
d by 
and 

ainly 
PV 

flow 
cities 

are 

co
pe
th
th
up
16
Th
lin
fig
 

Fi
ap
  
Th
hi
Fa
Fa
gr
im
 
 

ompared to the
erspectives of
he load deman
he additional 
pgrading the th
6, 144 and 8 
hat power inc
ne close to th
gure 5 below.

ig. 5 – Line 
pproach (worst-

he figures ab
igher ampaci
alagueira line
alagueira to C
ranting a saf
mposed. 

e DLR ones.  
f the Southern
nd at Falague

power gener
hree wind farm
MW to 36, 1
rease brings t
he TSOs rate

ampacity resul
case scenario: D

bove show t
ity values n
e but also a

Chafariz due to
fe operation 

Meanwhile, t
n region of Al
eira’s bus. A c
ration may b
ms connected
44 and 80MW
the 150kV Co
ed congestion

ults for a SLR
December 23, 2

that DLR an
not only for
along the lin
o a power flow

under the n

he developme
lentejo will ri
contribution f
be supplied b

d to Corgas fro
W, respectivel
orgas-Falaguei
n as showed 

R versus a DL
2009 at 5 p.m.).

nalysis presen
r the Corga
nes connectin
w redistributio
new conditio

ent 
isk 
for 
by 

om 
ly. 
ira 
in 

 
LR 
. 

nts 
as-
ng 
on, 
ons 










