
 

PREDICTING ENERGY LOSSES CAUSED BY POWER LINE-

VEGETATION CONFLICT 

 
N. Bahador1    A.E. Ashrafi2    A.H. Lotfi2    S. Chatrazar2 

1: Lorestan University 
2: Electricity Distribution Company of Hamedan 

 
 
Abstract: Most of overhead distribution networks in urban 
and rural areas of world are in interfering with trees which 
lead to power losses. This paper studies the effective factors 
in power losses caused by vegetation and proposes a new 
model for power loss based on finite element method so that 
wholly reflects the impacts of environmental conditions and 
biological classification. In suggested algorithm, the effects 
of species, temperature, humidity and seasonal variations 
on the power loss estimation are fully considered. 
Experimental investigations on a low voltage distribution 
network verify the proposed method’s operation. 
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1. Introduction 
 Performance evaluation of power systems is of 
interest to all power engineers. Power losses estimation 
is essential part of this evaluation. Part of these losses 
are related to the growth of trees beside power lines 
(Figure 1). Despite the fact that the first need for the 
reduction of tree losses is an accurate evaluation, a 
detailed study has not been done in this field thus far.  
 

 
Fig. 1.  Constant contact of Plane tree with low voltage 

network, Hamedan/Iran. 
 

The accurate and low time-consuming estimation of 
the power losses in distribution networks is extremely 
important for achieving systems with higher efficiency 
and reliability [1-3].  

The tree overgrowth near power lines leads to 
leaking electrical current. Despite the low value of this 
leakage, placing trees continuously next to energized 
conductors, results in significant annual losses which 
have not been taken under consideration. 

Despite the importance of this issue, no accurate 
method for estimation of these losses has been 
presented thus far in which all the effects of species, 
temperature, humidity and seasonal variations on the 
power loss were fully considered. 

Previous researches in the field of trees-power line 
conflicts have not considered power loss and just 
focused on detection and location of it as high 
impedance fault on medium voltage systems [4-7]. As 
shown in table 1, the results of two different researches 
in HIF current measurement are also incompatible with 
each other. This shows that tree-related power loss is a 
variable parameter which depends on different factors. 
Therefore, due to importance of power losses issue in 
distribution networks, using the results of precise 
measurement and accurate estimation of losses 
considering all effective factors can provide solutions 
for future decisions. 
 
Table 1. Current drawn by pine tree in contact with 20 

kv conductor [8, 9] 

20 kV power line 

100 mA 0.9 – 2.2 mA 

 
Based on measurements taken on the trees touching 

LV power lines [8], the internal structure of trees and 
consequently the amount of leakage current passes 
through them changes in short-term environmental 
conditions (temperature and humidity) and long-term 
environmental conditions (seasonal variation in tree 
physiology). Furthermore, the effect of moisture 
content variations on electrical resistance is not the 
same for all species [8]. Considering the factors 
mentioned above, this research presents a finite 
element-based algorithm for vegetation-related power 
loss estimation. 
 



 

 

2. The experimental tests on low voltage network 
 A series of experiments were carried out in different 
seasons (spring, summer and autumn) to verify 
hypothesis of losses impressionability from the 
seasonal variations in in physiology. The experiments 
were conducted on-site on live trees grown next to the 
380 volt distribution network in Hamendan, Iran. The 
tested species included Pine, Ash, Plane and Acacia. 
Figure 2 shows the tested ash tree. Testing Procedure 
was as follow: Short piece of cooper conductor had 
touched the power line and providing connection to 
tree (Figure 1). As minimum leakage current was in the 
100 nanometer regime, to accurately measure the total 
leakage flowing to the intended connection, a 
micrometer measurement device with accuracy of 0.1 
μA (Model VC97) had been placed in series with 
conductor. The variations of leakage current value were 
studied in different weather and seasonal conditions 
and summarized in figure 3. 
 

 
Fig. 2.  Limb’s direct connection to S-phase of 380 volt 

network (Ash tree) 
 

 
Fig. 3. Maximum value of measured leakage current in 

tested trees over seasons 
 

Broad-leaf trees in terms of vessels are divided into 

three classes, semi-ring porous species, diffuse porous 
species and ring porous species. The wood of ring 
porous species are divided into two categories, spring 
wood (early wood) with wider vascular channel and 
thinner vascular wall which formed during spring 
season, and autumn wood (or late wood) with narrow 
vascular channel and thicker vascular wall which 
formed during autumn season. So ring porous trees do 
not have the same vascular sections during spring and 
autumn. While there is no significant difference 
between vascular sections in diffuse porous trees 
during spring and autumn. Among tested trees, Plane 
places in diffuse porous group and that is why its 
vascular sections in spring, summer and autumn are 
same. So maximum transferred water in its vessels is 
same in all seasons. According to this point and with 
regard to this fact that autumn is the most humid 
season in Hamadan, it can be concluded that the 
maximum and minimum leakage current of Plane is 
occurred in autumn and summer respectively. Unlike 
the Plane, the transferred water in vessels of Ash and 
Acacia which placed in ring porous species and 
consequently their leakage current are maximum and 
minimum in spring and autumn respectively. In 
conifers such as Pine, there is no considerable 
difference between tracheids of spring wood and 
autumn wood [8]. So, changes in maximum leakage 
current follow the same pattern of Plane. Test results in 
figures confirm the above assumptions. 

 
3. Impressibility of tree moisture content from 

environment 

Placing a tree in an environment, results in 

moisture exchange between air and tree. Tree 

moisture content is a function of temperature and 

humidity and calculated using the following 

formula [11]. 
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Where 

MC = moisture content (%) 

h = relative humidity (%/100) 

For the temperature in degrees Celsius (Tc), 

Values of W, k, k1 and k2 in equation (1) are also 

obtained using the following relations. 
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4. Relation between electrical resistance and 
moisture content 

The electrical resistance of trees is affected by 

several factors, including tree species, temperature 

and humidity of environment [8]. Therefore, each 

species has its own electrical characteristics. 

Figure 4 shows electrical resistance-moisture 

content characteristics of the sample trees, 

including pine, spruce, beech, birch, larch and 

oak. 

 

 
Fig. 4. Electrical resistance-moisture content 

characteristics of some tree species [10] 
 

Table 2. Regression coefficients (Samuelsson model) [11] 

 
 

Logarithmic model used in this paper, is 

Samuelson model proposed in 1990 that shows 

the relation between electrical resistance (in mega 

ohms) with moisture content (in percentage terms) 

with the following equation. 

 

Log [ Log( ) + 1 ] = a.h + b 
(3) 

Where R is the electrical resistance of tree in 

terms of mega-ohms, a and b are coefficients of 

the model. 
Equation (3) has been proved to be in 

conformity with experimental data and 
extensively used in studies of other researchers. 
Furthermore, the values of coefficients a and b are 
precisely obtained for different species in 
numerous studies. For instance, the values of 
these coefficients for some trees are listed in 
Table 2. 

 
5. Estimation of the leakage current in various 

tree species 

To consider long-term environmental conditions 

in calculations, the tomography imagery of each 

season will be used. Using tomography imagery, 

the initial resistivity of tree in each season is 

obtained. This resistance is assigned to a specific 

environmental condition by which the initial 

moisture content of tree (MC0) is achieved. So for 

each season, there will be an initial resistivity at 

initial moisture content. 

According to Eq 3, the electrical resistance can 

be calculated based on corresponding moisture 

content. 

 

 (4) 

 

Values of coefficients of relation 4 are selected 

according to studied species. According to 

constant dimensions of tree and based on Eq 4, 

tree resistivity is proportional to tree electrical 

resistance. 

 

 (5) 

 

Regarding Eq 5 and initial resistivity derived 

from tomography images ( ) and according to 

moisture content of tree, resistivity value 

corresponding to specified environmental 

conditions is estimated using the following 

equation. This obtained resistivity is applied to 

finite element analysis as input data and the power 

loss of tree is calculated (Figure 5). 



 

 

 

(6) 

 

 

 

Fig. 5.  Flowchart of power losses 

estimation process 
 

6. Power Loss estimation of tree contact with 
low voltage network 

Since tree contacting with network has a three-

dimensional structure, taking into account the 

third dimension in modeling leads to more 

accurate solutions. But due to large dimensions 

and heterogeneous structure (small diameter of 

tree trunk cross-section compared to its height), 

there is limitation to create fine meshes for the 

purpose of accurate calculations. Two 

dimensional simulation will also provide quicker 

results. That's why this section studies the contact 

of ash tree with low voltage network through two-

dimensional analysis. 

For modeling, the distribution of electrical 

resistivity along cross-section of ash tree is first 

extracted based on tomography image. In 

tomography image (figure 6), the blue points 

which represent the trunk rot are not considered in 

the simulation. 

To employ the variation of electrical resistivity 

along tree cross-section, the trunk is divided into 

14 sections and each section is assigned one 

specific resistivity. Figure 7 shows the electrical 

resistivity profile over different parts of the trunk. 

It should be noted that these electrical resistivity 

values are related to moisture content of 1.9 

percent in the spring season. To apply the finite 

element method to model, the resistivity values 

should be converted into values in given 

conditions according to the proposed algorithm. 

 

 
Fig. 6. Dividing ash cross-section into 14 separate 

sections 
 

 
Fig. 7. Electrical resistivity profile along ash cross-section 

at the moisture content of 9.1 % 

 

Figure 8 shows two-dimensional meshed 

model of tree contact with power line. To increase 

the accuracy of calculations, very fine meshes are 

considered. Figure 9 is a zoom of meshed sections 

of trunk with different resistivity. 
 

 
Fig. 8. Two-dimensional meshed model of tree-power line 

contact 



 

 
Fig. 9. A zoom of meshed sections of trunk with different 

resistivity. 
 

Phase voltage of conductor, ground voltage and 

electrical resistivity of different sections are 

applied as input values to finite element analysis 

and the results are extracted. X component of the 

electric current density distribution along the 

cross-section of ash tree is shown in figure 10. 
 

 
Fig. 10. Distribution of x component of the electric 

current density along cross-section of ash tree 

 

Y component of the electric current density 

distribution along the cross-section of ash tree is 

presented in figure 11. As shown in figure 11, 

according to the variation in electrical resistivity 

of different sections, the current density values are 

not same. Figure 12 shows electric power density 

distribution along the cross section of ash tree at a 

height of 5.4 meter. 
 

 
Fig. 11. y component of electric current density 

distribution along the cross-section of ash tree 

 

 
Fig. 12. Electric power density distribution along the cross 

section of ash tree 

 

To verify the results obtained from two-

dimensional finite element analysis with the 

results of the experimental tests, the values of 

leakage current flowing through the tree are 

compared with real value in two case: 1-By taking 

into account the total electric current of both 

heartwood and sapwood (Fig.). 2- By taking into 

account the only electric current of sapwood 

(Fig.). As seen, the value obtained in the second 

case is closer to the real value. The electrolyte 

content of vascular structure in tree could justify 

this result. It means that, passing the electric 

current is taken place only through the brine 

solution in vascular elements which plays the role 

of a conductor connected to the ground. 

 
 



 

 

 
Fig. 13. Leakage current passing through trunk (A) 

(Tests conducted in the spring, temperature 23 

degrees, humidity 26%) 

 

 
Fig. 14. Leakage current passing through trunk (A) 

(Tests conducted in the spring, temperature 23 

degrees, humidity 26%) 
 

 

 

7. Conclusion 

In this paper, considering this fact that the first 

need for the reduction of losses in distribution 

systems is an accurate evaluation of it, a detailed 

study was done on estimating of vegetation-

related power losses which were so 

impressionable from numerous factors such as 

tree species, temperature, humidity and seasonal 

variations. In proposed methodology, using two-

dimensional finite element method, the 

distribution of electric current and consequently 

the distribution of power loss along cross-section 

of tree trunk which was in the direct contact with 

LV power line was calculated. The results 

obtained from the proposed technique were so 

close to those obtained from experiments. This 

method also needed low computational time. 
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