
Powerline, a new generation 
of Dynamic Line Rating (DLR) 
Systems 



The ampere capacity, or ampacity, of an individual 
powerline is limited by temperature. The higher 
the current that flows through the line, the 
greater the heating effect on the conductor. The 
heating results in thermal expansion, which can 
cause lines to sag to the point where there is no 
longer a safe clearance between the line and the 
ground or other nearby structures. Additionally, 
prolonged exposure to high temperatures can 
damage insulation and weaken powerlines even 
further.

The changing shape of an 
overhead line conductor

Sag

Conductor

Ground
Clearance

Powerline is Capula’s new generation DLR solution which can be 
integrated into existing control systems, automating the calculation 
of line capacities based on real-time network data. 

Energy transmission and distribution networks are 
facing huge pressures to deliver improvements 
in managing increased network demand for the 
connection of renewable energy technologies, 
electric vehicles, battery storage and balancing 
solutions. This pressure of rising demand of 
transmission and distribution service operator 
networks is set against a backdrop of the 
Governments Net-Zero Target by 2050, rising 
consumer expectations, and regulatory challenges 
to provide greater transparency and data openness. 
The forthcoming OFGEM Price Reviews will present 
additional challenges for both Transmission System 
Operators (TSO) and Distribution System Operators 
(DSO) in driving for lower costs of operations, whilst 
delivering improvements in the management of 
their physical assets such as towers, powerlines and 
transformers. 

The use of smart algorithms, real-time data, and 
digital solutions provide opportunities to deliver real 
improvements in network utilisation in areas such 
as Dynamic Line Rating (DLR) Systems, which assist 
in improving the management of electrical current 
and loads on the networks.

DLR Systems have typically involved the monitoring 
of overhead powerlines for changes to the tension 
and temperature of conductors. There has been 
significant research into the application of DLR and 
the two main use- cases are:

1. Increasing the load carrying capability of 
the conductor above its 100% capacity and,  
2. Increasing the operational capability of the 
conductor seasonal load carrying capacities. 



The challenges associated with 
conductor sag

A new generation of DLR systems

Studies have shown that many powerlines can be 
operated at up to 130 percent of their static rated 
capacity for 90 percent of the year1. That is because, 
for most of the time, ambient temperatures are 
lower than those used in the static rating calculation, 
and because wind and humidity provide additional 
natural cooling that keeps conductor temperatures 
within their threshold levels.

Innovations in DLR technologies; which include 
dynamic line monitoring for tension, temperature 
and sag and installing hardware components to 
the transmission and distribution powerlines, incur 
both capital and on-going operational costs. As a 
result, the TSO and DSO’s tend to install hardware 
solutions only on selected powerlines where they 
believe energy demand is at its highest, and where 
network utilisation is an issue. 

It is clear that there is a need for a cost-effective 
solution that can be applied across the whole 
energy system. The new generation of Dynamic 
DLR Systems will enable both TSO and DSO's to 
better understand the impact of the ever changing 
operational and environmental conditions on the 
most constrained parts of their networks.

Setting limits on the current flow as the ambient 
temperature increases ensures that the maximum 
sag or minimum ground clearance of the 
conductor is not breached. However, reducing the 
current flow in the network, as the seasons change, 
introduces problems with meeting the ever-rising 
energy demands of consumers and renewable 
energy generators. 

The conventional approach to managing these 
problems is to reduce the current load by: 

· Paying generators to stop exporting
· Building new overhead lines 
· Installing new control systems  
· Building new high voltage direct current    
 (HVDC) links to transport power into areas  
 of high demand

All these measures are costly and an inefficient 
use of capital that ultimately drives up the price 
of electricity for customers. To allow more energy 
to be distributed safely and within operational 
parameters, the TSO and DSO need to consider 
other less costly and capital-intensive measures.

To prevent these undesirable and potentially 
dangerous effects, most powerlines are given 
a maximum current rating calculated using a 
conservative approach. The overall capacity of 
the line is determined by its weakest link, usually 
the span where clearances are lowest. Line sag is 
calculated for the worst possible operating and 
environmental conditions e.g. a hot, windless day.

This method is robust and well-proven, but it is 
an expensive approach for network operators. If 
demand begins to exceed the capacity of the line 
on a frequent basis, this will result in the need   
to invest in asset upgrades, installing additional 
lines, bigger conductors and new transformers to 
operate at increased voltages. In many cases, new 
digital innovations and systems could reduce the 
need for these significant investments in network 
infrastructure.

A smarter DLR system

New DLR systems have emerged that deliver a 
software solution using data on operational and 
environmental conditions obtained from existing 
sensors in the network and from reliable external 
sources.

These new systems and approaches extend the use 
of DLR to smaller transmission powerlines and into 
the electricity distribution network, providing new 
ways to tackle the problems of capacity constraints 
across the whole energy system networks, and in 
supporting more active network management.

1 Dynamic Line Rating in the world – Overview, Dalibor Kladar, 2014. http://www.researchgate.net/publication/260229962



The new generation of software based DLR use 
sophisticated mathematical algorithms and computer 
models to calculate the effect of environmental 
conditions on the ampacity of transmission and 
distribution powerlines. The current, voltage and 
power inputs to the analysis are obtained from the 
Active Network Management (ANM) systems and if 
this data is not available, it can be reliably simulated 
through well-proven load flow and state estimation 
models. This data, combined with meteorological 
data, such as ambient temperature, wind speed and 
direction, is then used to model the maximum loads 
and currents for each powerline.

The Capula Powerline platform can be fully integrated 
with existing control systems and using standard load 
flow algorithms, state estimation and network stability 
analysis to automatically calculate line capacities 
based on real-time network and environmental 
data. To maintain the stability of the TSO and DSO 
network control systems, Powerline DLR recalculates 
the limits at frequencies set by the Transmission and 
Distribution Service Operators, relevant to their own 
defined threshold levels.

Where, as is commonly the case, DLR permitted 
increases are closely aligned with peaks in demand, 
the Powerline system provides TSO’s and DSO’s 
opportunities to delay and/or avoid capital expenditure 
altogether, thus deferring significant investment in 
new assets and operational activities. However, when 
network upgrades are essential, historical data from 
Powerline DLR allows network planners and engineers 
to base their designs on actual data, not estimates.

Since Powerline DLR can be implemented easily to 
more parts of the network than traditional hardware- 
based component solutions, our smart software- 
based solution enables smarter network utilisation.
. 

The additional capacities enabled by the Powerline 
DLR system is determined by the characteristics of 
each use case, however the benefits are considerable. 
For example, the system was implemented on a 
powerline with static line rating of 415A, an ambient 
temperature of 20°c and wind speed of 8m/s at a 
30°  . Powerline DLR enabled the rating to be raised 
dynamically to 615A, an increase of almost 33%.

With over 50 years control and systems integration 
experience in the power generation, transmission 
and distribution sectors, Capula is the right partner 
to support you on your asset digitalisation and 
Industry 4.0 journey.

We are experts in systems integration and in the 
design, implementation, support control and 
automation systems installations ranging from 
Nuclear facilities, Transmission and Distribution 
networks to industrial and commercial sites. Our 
solutions start with energy and asset visualisation 
platforms and extend to encompass automation for 
the most demanding critical network infrastructure. 
We believe that innovating in digital solutions 
enables distributed energy resources both existing 
and new to provide services that balance, support 
and optimise the operation of the network.

Follow us on LinkedIn and Twitter

Get in touch:

Tel: +44 (0)1785 827000 
Email: contactus@capula.com
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Powerline DLR can be implemented easily to more 
parts of the network than traditional hardware-

based component solutions.
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