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SUMMARY 
 

The availability of monitoring, control and communication technology makes it possible to 

estimate the ampacity of an overhead transmission line continuously. This allows the 

transport of substantially larger amounts of energy over that line that when a static ampacity 

value is used. It is shown in this paper that the use of such dynamic line rating allows more 

wind power to be connected to the grid, i.e. it results in an increase of the hosting capacity. 

For the numerical example presented in the paper, the hosting capacity is increase from 214 to 

390 MW. There are different types of risk associated with the introduction of dynamic line 

rating, some of which are discussed in this paper. Two main types of risk are distinguished. 

 Risks associated with possible overload of components, even when the ampacity is 

exactly known. 

 Additional risks due to the difference between the actual and the estimated ampacity. 

 

The introduction of curtailment, in combination with dynamic line rating, makes it possible to 

manage the first type of risk. The risk of overload carried by all customers is replaced by the 

risk of temporality being disconnected for the wind-park owner. The latter is however also the 

stakeholder gaining most from the increase in hosting capacity. 

 

To reduce the second type of risk, several practical aspects need to be considered before 

implementing dynamic line rating, several of which are discussed in this paper. 
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Introduction 
The secure transfer capacity of transmission systems is limited by stability and by the thermal rating of 

overhead lines. Stability often sets the limits for transmission of large amounts over long distances, 

while thermal rating is the main limit for the transmission and subtransmission lines that gather the 

energy from wind parks to major transmission corridors or HVDC lines. When stability is the limiting 

factor, the transfer capacity can be increased by means of power-electronics (FACTS or HVDC), 

capacitors and such. This paper focuses primarily on the other case, when the thermal rating sets the 

limit. This is where dynamic line rating can be used to increase the amount of power that can be 

transported over the line. This in turn increases the hosting capacity of the grid for renewable 

electricity production.  

 

There are different types of risk associated with the introduction of dynamic line rating. The following 

subdivision has shown rather useful in our studies: 

 Risks associated with possible overload of components, even when the ampacity is exactly 

known. This includes the risk that a line is overloaded, but also the risk that a customer (like a 

large wind park) is disconnected to avoid such overloading. 

 Additional risks due to the difference between the actual ampacity and the estimated ampacity. 

This includes situations where the line current is below the estimated ampacity but above the 

actual ampacity (i.e. the line is overloaded but this overload is not detected). Also the opposite 

situation can occur: the line current is above the estimated ampacity but below the actual 

ampacity; this could result in unnecessary disconnection of customers. These risks are mainly 

due to measurement errors, for example of the temperature or local wind condition with in the 

overhead line corridor, or due to failure of components like sensors or communication links. 

 

In this paper we will first give a general discussion on dynamic line rating and hosting capacity, 

followed b a number of numerical examples. Several additional risk aspects associated with dynamic 

line rating will be discussed towards the end of the paper. 

 

Dynamic line rating 
The amount of current that can safely be allowed through an overhead line (the so-called “ampacity”) 

is limited by a number of factors. The thermal limit is typically determined by the minimum clearance 

to ground or to objects under the line. Next to that, the ampacity of series or parallel components may 

make that the thermal limit of the line cannot be reached without overloading another component.  

 

It is the network operator’s responsibility to keep sufficient clearance to objects as insufficient margin 

will results in faults and tripping of the line. Limits on minimum clearance are often set by national 

agencies responsible for electricity safety. The network operator in turn calculate a maximum allowed 

current based on conductor properties, acceptable transfer losses and selection of suitable weather 

conditions. Suitable weather conditions are often taken from Cigré or IEEE recommendations [1]. 

Commercial tools will solve the heat balance equation and predict the maximum load that, under 

specific unfavourable weather conditions, can be allowed without the risk of exceeding the clearance 

or temperature limits [2]. Those weather conditions are not the worst possible ones, but close to the 

worst ones. The probability of more extreme weather conditions, at the same time as current exceeding 

the limit, is considered as sufficiently low. 

 

The relation between current and line sag (which in turn determines the clearance) is dependent on 

weather parameters like temperature, insulation and wind speed and direction. For given maximum 

sag, the maximum current (“ampacity”) is thus dependent on the local weather conditions. The term 
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“dynamic line rating” refers to using this variation to allow more power to be transferred through the 

line during periods with favourable weather conditions. 

 

The concept of dynamic line rating is not new in itself. Different ratings (transfer capacities) have 

been used for overhead lines during winter and summer seasons for many years. More recent 

developments are towards a continuous adjustment of the permissible transfer over the line. This is 

made possible through developments in monitoring, control and communication technology. The use 

of real-time measurements requires operator experience to handle the data, or else automatic systems 

to process and act on the incoming data is required. Failing to handle such information may lead to 

clearance violation or overloading of other components, as well as earth faults and short circuits. 

 

Hosting capacity 
The hosting capacity is the maximum amount of production (typically considered to be in the form of 

renewable sources) that can be connected to the power system without endangering the reliability or 

quality of the supply. Different phenomena can set the limits for the hosting capacity. At distribution 

level the maximum-permissible voltage magnitude often sets the limit, especially in rural grids. At 

higher voltage levels (subtransmission and transmission) the limit is often set by the transfer capacity 

of the lines, which as we saw before is often determined by the thermal limits of the line [8]. 

 

The close coupling between hosting capacity and thermal limits at transmission level makes it natural 

to consider dynamic line rating as a method for increasing the hosting capacity. Where it concerns the 

connection of wind power, the link is even stronger. Periods of high wind give both high wind-power 

production and high cooling of the lines. When the highest line loading is due to high wind-power 

production, some network operators use a higher wind speed in the calculation of the static limits. 

Such implementation of dynamic line rating is simple and does not require any measurement, control 

or communication. 

 

Such methods may however increase the risk that the clearance to ground becomes less than the 

permissible limit. The network operator is responsible under electricity safety regulation. Insufficient 

clearance will also increase the risk of faults due to vegetation under the line. The network operators 

are often not allowed to risk insufficient clearance under the electricity safety regulation; neither are 

they willing to expose their customers to the risk of outages. Measurement of the temperature or 

clearance and reporting this to the control room is a method that has a relatively low risk but requires 

skilled operators and certain investments. Another option is to introduce network protection schemes 

to automatically curtail production or consumption. All this requires investments, but such investments 

are still at least an order of magnitude less than the costs of having to build an additional transmission 

line. 

 

The increase of the hosting capacity, in terms of installed capacity, is however still limited when 

dynamic line rating is used. Both weather conditions and production vary continuously. For many 

lines, the line loading is further determined by local consumption which also varies continuously. 

There is an obvious positive correlation between ampacity and production from wind, but also a 

negative correlation with solar power. The gain in hosting capacity is however, even for wind power, 

not as big as one would expect. There are two reasons for this. The first is that weather conditions vary 

also locally; line overload may occur many kilometres from an area with high wind or solar power 

production. Therefore the wind generating high production may still, in some localities, not result in 

significant cooling of the overhead line conductor. The second is that network operators (as mentioned 

before) are often reluctant or not even allowed to take risks, especially those that they cannot oversee. 

Methods to quantify the risk (probability of clearance being less than permitted) are rarely used and 
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there is limited experience with such methods and with the interpretation of the results from such 

studies. 

 

Curtailment 
The authors have shown in several studies [3] [4] [5] that much more of the potential from dynamic 

line rating can be used when curtailment of wind-power production is possible. The number of hours 

per year during which the clearance will be insufficient increases with increasing installed capacity, 

but very large installations are needed before that becomes unacceptable. By curtailing the production 

during those hours, two things can be achieved: 

a) The probably of insufficient clearance is reduced to an acceptable level. 

b) The risk that the ampacity is exceeded too often is no longer carried by the network operator 

but by the production unit.  

The latter point may require some discussion. In some countries, a new customer has to stand for the 

costs incurred in the network to allow this customer to be connected. In those countries it is in the 

interest of the wind park owner to limit the costs of connection. Dynamic line rating together with 

curtailment during a limited number of hours per year is likely to be a cheaper solution that building a 

new line. 

 

Next to that, the building of a new line can take several years because of required permissions. 

Dynamic line rating can be installed at a much shorter time and probably faster than it takes to build 

the wind park. 

 

In other countries the costs of connecting wind parks are socialised over all customers. In that case 

dynamic line rating with curtailment is not in the interest of the wind park owner. However, in both 

cases the risk for the network operator is to end up in a situation (insufficient clearance) that is simply 

not allowed under regulation, whereas the risk for the wind-park owner is only a matter of a limited 

loss of income.  

 

Increasing transfer capacity with dynamic limits 
The main existing applications of dynamical line rating involve temperature measurements or direct 

sag measurement in one or several overhead line spans and the reporting of these to the control room. 

Other methods can measure over several spans and give an estimate valid for the complete mechanical 

section through measurement of vibration frequency or tension in the conductor. At least ten different 

vendors offer commercial systems for dynamic line rating [6], using a broad variety of different 

physical measurement principles and solutions to collect and analyze sensor data. 

 

The ampacity of a transmission line is formally defined as the maximum electric current that the line 

can transfer over a given period of time without exceeding the allowable sag, affect the tensile strength 

of the line or cause damage to the material [7]. When the ampacity is estimated over a longer period of 

time the uncertainty increases, especially due to the difficulties in predicting local wind conditions 

along the line. 

 

The line’s ampacity is traditionally set through a static limit calculated from design parameters and 

weather assumptions representing the worst case. Typically Cigré or IEEE methods [1, 7] are used and 

different limits may be applied for different seasons. A static limit will most likely differ a lot from the 

instantaneous ampacity, especially under conditions of high wind that have the largest cooling effect 

on an overhead line (see Figure 1). 
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Figure 1 Calculated ampacity from a dynamic model with hourly weather data. A fixed limit (the 

horizontal line) based on recommendations from Cigré has been included for comparison. [5] 

 

Equipment for measuring dynamic line rating allows for the use of the margin between the static limit 

and instantaneous ampacity. The use of ampacity also means that it will be easier to handle load 

growth and reduces the need to build new lines. This means significant economic benefits for society 

because major upgrades in the network can be deferred or avoided altogether. 

 

Quantifying gains with Dynamic Line Rating 
The hosting capacity approach has been introduced as a method to quantify how much distributed 

generation can be connected to the power system [5, 8]. The approach is based on a transparent 

definition of performance indicators and appropriate limits. The choice of performance indicators and 

limits, including the way in which they are calculated, has been shown to have a large impact on the 

hosting capacity of the grid. For investigating the gain in transfer capacity from dynamic line rating 

the smallest allowed power of the overhead line is taken as the performance index.  

 

In [9] the hosting capacity approach has been applied to a 50/130 kV subtransmission grid in the 

centre of Sweden. The hosting capacity was obtained as the largest production capacity for which all 

hourly values of current were below their limits. Only the loading and capacity of lines and cables is 

considered in this study.  

 

The left of Figure 2 shows the current using dynamic line rating for each hour over two calendar years 

based on actual temperature, wind and solar radiation. The right side of Figure 2 shows for the same 

production how many percent of the fixed current rating the overhead line would be loaded. Note that 

the line current exceeds the ampacity during a few hours (left-hand limit). The static limit is, on the 

other hand, exceeded very often (right-hand limit). 
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Figure 2, Left: Line current (hourly averages during a two-year period) as percentage of calculated 

ampacity. Right: line current as percentage of static current limit derived according to [5].  

 

Need for curtailment 
Even if Figure 2 shows substantial gains in transfer capacity using dynamic line rating most of the 

time, this is not the case for all hours. As seen in Figure 1 the ampacity is less than the static limit 

from Cigré recommended weather parameters a few hours per year. To avoid surpassing clearance 

limits other methods must be in place to handle the hours where dynamic line rating provides no gain. 

In practice this requires a form of curtailment (where the power output of a production unit or 

consumption is reduced in a controlled way) to adjust to the grid’s real-time performance. 

 

Without curtailment, the maximum permissible amount of installed capacity (the hosting capacity) is 

likely to be equal or less than the one obtained when using the static limits derived with Cigré weather 

parameters. With curtailment the amount of installed capacity is not a given ampacity but will depend 

on the percentage curtailed. The transfer capacity can be plotted against the amount of curtailment, as 

shown in Figure 3. 

 
Figure 3. The required curtailment in kWh is evenly divided among the production units. The amount 

of energy each production unit must curtail is plotted as a ratio kWh/kW for all nodes in network [9]. 
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For installed capacity of wind exceeding the hosting capacity, the number of hours of curtailment, 

curtailed energy and the produced energy are calculated in Table 1. Curtailment is in this paper 

assumed to be performed by reducing production just enough to remove the overload situation (what is 

referred to as “soft curtailment” in [4]). 

 

 

Table 1. Hosting capacity for node number 2 with dynamic line rating based on  IEEE std 738-2006. 

produced energy is the average of the two studied years. 

Hosting Capacity : Current limited 

  [Power]     [Delivered    ]   [Curtailed] 

100% Wind: without  

 dynamic line rating 

  76 

MW 

 193 GWh 0 

with dynamic line rating 

(DLR) 

 116 

MW 

295 GWh 0 

with DLR and curtailment: 

2% (178h/year) 

 176 

MW 

448 GWh 5.5 GWh 

with DLR and curtailment: 

5% (461h/year) 

 220 

MW 

 560 GWh 22.7 GWh 

 
Both voltage and current limits were considered in this study. When determining the hosting capacity 

it is important to also include other performance indexes to verify that the HC for e.g. voltage 

maintains less than the thermal limits also for larger amounts of curtailment.  
 

Shift of operating reserve 
The operation of the transmission system is very much based on the principle of secure transfer 

capacity, where the loss of one component (e.g. a transmission line) will not result in an interruption of 

supply for any customer. This principle is best known as the (N-1) principle. This principle requires 

that always a certain transfer capacity remains available as a reserve in case of the loss of a line, 

generator, etc. The secure transfer capacity is therefore less than the thermal or stability limits. This in 

turns sets limits on the hosting capacity for new wind power to be connected to the transmission or 

subtransmission grids. 
 
With traditional grid planning installing more wind power, without investments in the grid, increases 

the risk for the grid operator. The effect of four alternatives that allow more wind power than the N-1 

criterion is studied in [10]. Dynamic line rating was studied in a meshed grid (rather than the radial 

connection in [3]). Dynamic line rating was compared with three other methods, using smart grid 

technologies, to allow more wind power production than is possible with classical network planning. 

The results are shown in Figure 4. Given that other components in the grid can handle the increased 

power flow the use of DLR (solution 4) will greatly reduce the amount of energy that needs to be 

curtailed. Only for installed capacity above 400 MW does the curtailed energy become visible. 
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Figure 4. Annual produced energy as a function of the installed capacity. 

The hosting capacity shown in Figure 4 is the installed capacity above which curtailment is needed as 

least during one hour in the two-year period that was studied. The increase in hosting capacity when 

using dynamic line rating (solution 4) compared to the most-advanced solution using static limits 

(solution 3) is obvious from the figure. Almost twice as much wind power (390 MW versus 214 MW) 

can be connected when using dynamic line rating, before curtailment becomes necessary. 

 

Some further risk aspects 
IEC defines risk as a function of probability of occurrence of an event and the severity of that event 

[11]. The event considered in DLR applications is that estimated ampacity does not reflect the actual 

transfer capability of the system. Probability of occurrence of this event is based on the method used to 

estimate the ampacity. The consequence however largely depends on the application using the 

estimated ampacity. Therefore, the risk has been analysed both for the measurement system and for 

the application of this information the estimate the ampacity.  

 

An error of maximum +/- 20 cm when estimating sag is required for a system for DLR to be 

considered trustworthy [12]. An evaluation of measurements systems done by STRI recently showed 

that most commercially-available measurement systems for DLR meet this requirement [15]. 

However, conductor surface temperature or local wind speed can vary within a span to such an extent 

that a wrongfully placed measurement device can lead to a measurement error outside the required 

boundary. This is because the temperature has been shown to vary with up to 12 ºC in as little as 50 

meters [13]. As tension forces are equalized within a mechanical section the sag in a span is decided 

by the average temperature in a mechanical section, rather than the maximal temperature (“hot spots”) 

within the section. This makes methods using tension measurements as input less sensitive to hot spots 

than methods based on temperature measurements. 

 

An ampacity equivalent to two to three times the static rating can be obtained under favourable 

conditions (as was shown in Figure 1). The transfer capability, during such periods of high ampacity 

of the line, will instead be most likely be limited by another component, for example a transformer, a 

cable section or a circuit breaker. An example is when a small cable section is used to connect the line 
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to a wind park. During earlier studies [10] it was shown that a cable somewhere else in a 

subtransmission grid quickly became the component that limits the hosting capacity when dynamic 

line rating was used for all overhead lines in that grid. It is important that this overload risk is taken 

into consideration when designing the system for dynamic line rating and in the setting of overload 

protection. The highest allowed current through the line should not go beyond the rating of other 

components in the system. Name plate ratings for all transformers, switchgear, cables etc. should 

therefore be studied carefully to determine this value. 

 

The system operator is a vital part for a successful system in cases where the operator has big impact 

over how the estimated ampacity is being applied. It is important from an operator’s perspective that 

the ampacity is reliably estimated. Low trust in estimated ampacity is a barrier for a successful system 

[14]. Scaling up of implementation of dynamic line rating will also be delayed or stopped completely 

if the operator becomes a bottleneck for the amount of information that can be dealt with. To avoid 

this barrier, estimated ampacity could be integrated in automatic system protection schemes. However, 

this requires high reliability of the estimated ampacity. 

 

When configuring a system for dynamic line rating, the first step is to define the next limit to the 

transfer capacity resulting from other components in the electricity network or due to voltage, stability, 

etc. This limit will act as an upper limit for the transfer capacity allowed for the overhead power line. 

To mitigate the risk associated with the use of dynamic line rating the next step is to design back-up 

protections schemes, developing dynamic line rating into a dynamic form of overload protection. This 

can be implemented with algorithms that calculate over current protection based on local weather 

measurements. Even without the direct measurements of sag, temperature, or tension on the overhead 

line these methods can give substantial gains in estimated ampacity, albeit with larger uncertainty 

margins.  

 

To serve as backup protection for dynamic line rating, the setting of the overcurrent protection need 

also be continuously adapted to the instantaneous ampacity. Normally, the overload protection has an 

inverse-time characteristic. This means that a higher current is allowed for a limited time. The 

ampacity is likewise often given as different current values for different time windows. The inverse-

time characteristic also provides a time delay that allows for example a wind farm to reduce their 

production before the overcurrent protection removes the line and thus the wind farm.  

 

Conclusions 
Dynamic line rating can be used to increase the hosting capacity of the grid for renewable electricity 

production. The increase has been shown most favourable for wind power. For solar power no 

quantitative studies are available, but based on known correlations of weather conditions influencing 

over head line cooling it is expected that the potential for increase is less for solar power than for wind 

power. 

 

To get the full potential out of dynamic line rating for increasing the hosting capacity it should be 

combined with curtailment of production. This combination allows for a proper management of the 

risks for the different stakeholders. In this way, dynamic line rating becomes a feasible alternative for 

the building of new transmission lines. 

 

Before implementing dynamic line rating, a number of practical aspects need to be considered as well, 

several of which have been summarized in this paper. 

 

 



  10 

 

 

Acknowledgement 
Several of the studies summarized in this paper were funded by Elforsk AB (since 1 January 2015, 

Swedish energy research center, Energiforsk) and by Sweden’s innovation agency, Vinnova. 

 

BIBLIOGRAPHY 

[1]  IEEE, “Std. 738-2006 Standard for Calculating the Current-Temperature Relationship 

of Bare Overhead Conductors,” IEEE, 2006. 

[2]  STRI, “Line Performance Estimator tool (LPE),” [Online]. Available: 

http://www.stri.se/index.pl?id=2222. 

[3]  N. Etherden and M. H. J. Bollen, “Increasing the Hosting Capacity of Distribution 

Networks by Curtailment of Renewable Energy Resources,” in IEEE PES PowerTech, 

Trondheim, 2011.  

[4]  N. Etherden and M. H. J. Bollen, “Overload and overvoltage in low-voltage and 

medium-voltage Overload and overvoltage in low-voltage and medium-voltage,” Overload 

and overvoltage in low-voltage and medium-voltage, vol. 114, pp. 39-48, 2014.  

[5]  N. Etherden, “Increasing the Hosting Capacity of Distributed Energy Resources Using 

Storage and Communication,” Luleå Tekniska Universitet, 2014. 

[6]  VTT, “Maximising power line transmission,” RESEARCH REPORT VTT-R-01604-

13, Espoo, Finland, 2013. 

[7]  Cigré, “Thermal behaviour of Overhead Conductors,” Cigré Technical Brochure 207, 

2002. 

[8]  M. H. J.  Bollen and F. Hassan, Integration of Distributed Generation in the Power 

System, Hoboken: John Wiley & Sons, Inc., 2011.  

[9]  N. Etherden and M. Bollen, “Increasing the Hosting Capacity of Distribution 

Networks by Curtailment of the Production From Renewable Resources,” in PowerTech, 

2011 IEEE, Trondheim.  

[10]  Y. Chen, M. Bollen and N. Etherden, “Risk Analysis of Smart Solutions to Increase 

Wind Power hosting Capacity in Subtransmission Network,” Elforsk rapport 13:51, 2013. 

[11]  Electropedia, “Electropedia,” 11 2013. [Online]. Available: 

http://www.electropedia.org/iev/iev.nsf/display?openform&ievref=351-57-03. [Accessed 14 

12 2014]. 

[12]  Cigré, “Guide for Application of Direct Real -Time Monitoring System,” Cigré Cigré 

Technical Brochure 498, Paris, 2014. 

[13]  S. Fernández de Sevilla, G. Gonzales, J. Guillermo, L. Martinéz, M. Escribano, J. 

Iglesias, P. Albi, U. Búrdalo, M. Álvaro and S. Kwik, “B2-207 Dynamic Assessment of 

Overhead Line Capacity for integrating Renewable Energy into the Transmission Grid,” in 

Cigré Session, 2014.  

[14]  W. Wang and S. Pinter, “Dynamic Line Rating Systems for Transmission Lines,” US 

Department of Energy, 2014. 

[15]  Jonas Tjäder and Nicholas Etherden, “Bedömning av risker vid implementering av 

dynamisk belastbarhet” (risk assessment with implementation of dynamic line rating, in 

Swedish), Energiforsk, 2015. 

 


