
�������	�/�6�6�)�)�)���
���������	�����������������+

�������������������������	�
�������������
�����������������������������	���	�������	���������������
�����������������������	�
�����	�����
�����������	��������������������

�������������������	���
�������������
���
���������������������������������������
 ��

�������������
�����������������������������������������������
���
��������������������������������������������������������������������������������� �!�"�#�$

���%�&���
�����������������	�����'���(�������������������������)�����*���
�������+�����)�������������,���������+�����)�����
���������
���-�&���$���	��������������������

�.���/������� �0�1

�2���3�����4���������5���������+�������������)�����*�����5�����������������������+�����������	�
�������������
���	���	������

�����
���������������������������������������������
����������
�������	�/�6�6�
�������*���������6���������������7�
�����8�
�����/�������/�����/�*�����/�
��������� �1�#�0�"� 



 

DLR use for optimization of network design with  
very large wind (and VRE) penetration 

 
 

Ana Estanqueiro  
LNEG, Portugal  

ana.estanqueiro@lneg.pt 
 

Claes Ahlrot 
E.ON, Vaxjo Sweden,  

Claes.Ahlrot@eon.se 
 

Joaquim Duque, Duarte Santos 
LNEG, Portugal,  

joaquim.duque@lneg.pt, duarte.santos@lneg.pt 
 

Jake P. Gentle, Alexander W. Abboud  
INL – Idaho Idaho Falls, United States 

jake.gentle@inl.gov, alexander.abboud@inl.gov 
 

Kateryna Morozovska, Patrik Hilber, Lennart Söder  
KTH, Stockholm, Sweden  

kmor@kth.se, hilber@kth.se, lsod@kth.se 

Thomas Kanefendt 
Fraunhofer IEE, Kassel, Germany  
thomas.kanefendt@iee.fraunhofer.de 

 
 

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. 
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