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ABSTRACT 

 

A significant portion of the Brazilian transmission network is in regions characterized by strong 

winds, where wind farms are concentrated such as in the Northeast region of Brazil. The energy 

transmission capacity of said transmission lines is determined based on thermal limits, by technical 

standards for meteorological variables to limit the maximum current levels on the conductor. The cables 

of the electrical network installed in areas with high wind potential are susceptible to better cooling, 

creating opportunities for the analysis of mechanisms that can contribute to a better utilization of the 

transmission lines. This work presents a concise approach to the topic, exploring the window of 

regulatory opportunity for the use of dynamic ampacity calculation in segments of the Brazilian National 

Interconnected System. 

 

Keywords: Ampacity, Grid use, Sector regulation, Transmission lines, Wind generation. 

 

Introduction 
 

Currently, wind generation accounts for over 13% of the Brazilian electric matrix, and this share 

of the source follows in a rising curve. The Northeast region, in turn, concentrates over 90% of the 

installed wind potential [1]. In terms of investments, as shown in Fig. (1), the amount directed towards 

this source surpassed the quantity of resources allocated to hydropower projects. As such, Wind 

Generation is the primary destination of investments in energy auctions conducted between 2005 and 

2023 [2]. 

 

 
Figure 1 – Investment by energy source (Energy auctions 2005-2023) 

 

However, the expansion of the necessary transmission system for transporting this electrical 

energy has not occurred at the same pace, with the network still being a bottleneck for a portion of the 

wind generation in Brazil [3]. 

In overhead power transmission lines, the current-carrying capacity is determined based on the 

sag conductor. This variable, in turn, is influenced by the conductor's temperature. This temperature is  
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affected by the ambient conditions surrounding the line, as there is a heat exchange between the cable 

and the surrounding environment [4].  

To determine the current-carrying capacity of overhead lines, technical standards employ a 

deterministic methodology to represent meteorological data such as wind speed, solar radiation, and 

ambient temperature, using a critical statistical criterion [5]. However, the critical conditions assumed 

in these standards have a low probability of occurrence, resulting in conductors being subjected to 

temperatures below thermal limits for significant periods—meaning that a portion of the network 

remains underutilized [6]. 

Conceptually, the maximum current allowed in a transmission line while considering safety limits 

is referred to as ampacity. Real-time monitoring systems exist that allow the acquisition of 

meteorological data involved in calculating this limiting current. Thus, the use of real-time 

meteorological data to determine line dynamic ampacity is particularly advantageous in areas with high 

potential for wind generation, as areas with strong winds facilitate greater cooling of the network and 

consequently enable an increase in the maximum line current [7]. 

Given this context, this work presents a concise review of the topic and highlights some regulatory 

challenges within the Brazilian electricity sector that have discouraged this type of approach in segments 

of the National Interconnected System (SIN) that could benefit from the application of real-time 

monitoring systems. 

 

Thermal evaluation of the conductor 

 

In the scenario involving a conductor cable of an overhead power transmission line, the ampacity 

issue can be modeled as a heat transfer process in a long cylinder with radius (r), length (L), and area: 

𝐴 = 2𝜋rL (please refer to the representation of the elements in Fig. 2).  

 

 
Figure 2 – Thermal effects on an overhead line cable 

 

In this model, thermal equilibrium involves a balance between the energy entering the system, the 

energy leaving the system, and the energy generated within the system, as depicted in the Eq. (1) [8]. 

 

[

 
𝑇𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 

𝑎𝑡 𝑡ℎ𝑒
𝑠𝑦𝑠𝑡𝑒𝑚′𝑠 𝑖𝑛𝑝𝑢𝑡

] − [
𝑇𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 

𝑎𝑡 𝑡ℎ𝑒 
𝑠𝑦𝑠𝑡𝑒𝑚′𝑠 𝑜𝑢𝑡𝑝𝑢𝑡 

] = [

𝑉𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 
𝑡𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 
𝑖𝑛 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 

]                 (1) 

 

In broad terms, the energy balance in terms of an average cable temperature can be expressed 

through the following correlation: 

 

𝑀. 𝐶𝑝
𝑑𝑇𝑒𝑙𝑒𝑚

𝑑𝑡
= 𝑃𝑗 + 𝑃𝑠+𝑃𝑚−𝑃𝑅 − 𝑃𝑐                        (2) 
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where Telem is the average temperature (between the core and the surface of the conductor); Cp is the 

specific heat; M represents the linear mass density of the conductor; Pj is the heating due to Joule effect; 

Ps is the heating due to solar radiation; Pm is the magnetic heating; PR is associated with cooling due to 

radiation; and Pc is the cooling by convection. Thus, the rate of change within the cable is equal to the 

sum of the energy entering and leaving through conduction and radiation processes [9]. 

Expanding the previous expression (Eq.02), the solution for the conductor cable’s ampacity in 

steady-state conditions due to the involved thermal effects is given by: 

 

𝐼 = √
𝑃𝑟+𝑃𝑐−𝑃𝑠

𝑅𝑎𝑐(𝑇𝑐)
      (3) 

 

where I represents the ampacity, given in amperes (A). 

This expression allows us to determine the ampacity of the conductor at a specific moment and 

is used to establish the static limits of the lines, according to the standards on the subject [10]. 

 

Ampacity and Dynamic Line Rating (DLR) 

 

There are a variety of systems that enable the use of real-time meteorological variable information 

for calculating the transmission capacity of the lines [11]. The Fig. 3 illustrates some of the models of 

Dynamic Line Rating (DLR) developed for this type of approach. 

 

 
Figure 3 – Models of Dynamic Line Rating (DLR) (1: Ampacimon; 2: DLR Sensor Sumitomo; 

e 3: Lindsey TLM Conductor Monitor) 

 

The application of models like these can result in electrical charging gains of around 50% 

compared to static limits. However, in Brazil, the implementation of such devices has still been limited 

to pilot projects or studies due to the level of complexity and barriers such as lack of incentives, 

particularly regulatory ones. 

Research and applications in Brazil on this field are still in their early stages when compared to 

the volume of publications and developments outside of the country. This highlights the need for greater 

investments in this area. 

 

Regulatory Challenges 

 

A. Energy Transmission 

 

The remuneration of energy transmission companies that were auctioned occurs through the 

Allowed Annual Revenue (RAP – “Receita Anual Permitida”) defined on the transmission auction and 

is paid to the when the commercial operation of the installation is identified. In these cases, the revenue 

is readjusted every four or five years, according to the contract. 

For transmission companies that had their concession contracts renewed, as established in Article 

6 of Law 12.783/2013 (regarding the renewal of concessions in the electricity sector), they are 

remunerated through the RAP paid for the provision of the public transmission service. This amount is 

calculated based on Operation and Maintenance costs and regulatory capital remuneration. 
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However, it's worth noting that receiving the RAP depends on the availability of the lines, not the 

volume of transported energy. Additionally, companies face penalties in cases where structural tower 

failures or design errors are detected, among other responsibilities. In the event of such failures, 

regulatory mechanisms are applied to reduce the RAP due to the unavailability of transmission facilities 

(“parcela variável”). 

Thus, the current regulation of remuneration, while making the revenue of transmission 

companies more predictable, does not incentivize the application of devices that allow the use of the 

network according to its real-time availability. This is because, besides not being remunerated for 

additional transmission capacity, their revenues can be reduced in case of failures. Therefore, there is 

no incentive to justify the risks involved in using devices for better utilization of transmission capacity. 

Therefore, as currently regulated, transmission companies tend to focus on expanding the 

transmission capacity of the network through new projects. However, the expansion of the National 

Interconnected System (SIN) also comes with challenges involving resource allocation, delays in 

construction, environmental licensing impacts and challenges, among others. 

As several transmission concession contracts are ending in the following years, discussions 

around the renewal of concessions conditions [12] create an opportunity to promote regulatory measures 

that enable the application of real-time monitoring and ampacity calculation. For instance, recognizing 

them as enhancements or improvements to already implemented projects, and for new projects, 

implementing contractual incentives for this type of approach. 

 

B. Energy Generation 

 

On the other hand, there are generators facing difficulties in accessing avenues for wind energy 

distribution [3]. In these cases, the possibility of increased network loading could make it feasible to 

connect new wind farms or expand existing ones without extensive or lower investments in expanding 

the existing transmission system. In this regard, it is necessary to enhance regulation involving 

remuneration and network loading to enable the adoption of systems for dynamic ampacity that allow 

for a more efficient use of the network. A starting point for these incentives could occur, for instance, 

through the sharing of gains and risks among the involved entities. 

 

Conclusions 

 

The Brazilian electricity matrix has been expanding with an increasing share of renewable 

sources, where wind generation plays a significant role. Despite the growing presence of this source in 

the energy mix, there are still bottlenecks for the connection and distribution of wind energy within the 

transmission system. 

The energy transmission capacity in the lines, even though influenced by the atmospheric 

conditions around the conductor, is still calculated based on conservative limits. The dynamic network 

loading limits are positively correlated with wind speed, and the use of monitoring systems to determine 

transmission line ampacity can enable significant gains in energy integration into the grid. This gain is 

particularly pronounced when it comes to wind generation, as they are predominantly located in areas 

with similar wind regimes, transmission lines experience greater cooling, which enhances their 

ampacity. Better utilization of transmission grid by using dynamic ampacity monitoring in areas of 

intense wind generation can postpone the need for network expansion in specific regions. 

However, this type of approach is in its early stages and are limited in the country, with little 

incentive for implementation by entities responsible for operating transmission projects. According to 

current regulations, energy transmission companies tend to maintain interest in operating the network 

according to existing rules and seek to expand their transmission capacity only through new projects, as 

their Allowed Annual Revenue (RAP) is defined in contracts, and the risks of failures and penalties 

associated with increased loading through Dynamic Line Rating (DLR) do not result in higher 

remuneration. The discussion of regulatory changes to incentivize the better usage of existing 

infrastructure is timely and can bring benefits to society. 
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