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Abstract. In conventional power flow calculation, the lines resistances are always assumed to be 
invariable, which does not conform to the actual. Resistances of transmission lines are changed with 
changes of external environment and power distribution. In this paper, a model of power flow 
calculation considering temperature is presented. Temperatures and resistances of branches are 
linked with the modified power flow equations in this model. At the same time, the maximum 
current-carrying capacity is also analyzed and temperature can be gained by the algorithm to detect 
current. Through two kinds of power flow algorithm are compared and analyzed, the results show 
temperature of conductor has a very significant impact on the power flow calculation which should be 
paid attention to. 

Introduction 

Power flow calculation is based on a given system network structure and operating conditions to 
determine the running state of the whole system: mainly is the node voltage (amplitude and phase), 
power distribution and power loss [1]. Electro-thermal coupling research showed that temperature 
and resistance in transmission lines follow the outside temperature, light intensity, wind speed and 
other environmental factors. At the same time, temperature changes produced by electro-thermal will 
influence the power system loss and flow calculation results. Although the resistance of the branch is 
sensitive to the temperature, the resistance of the system is always treated as normal. Not promptly 
adjusting branch resistances may produce significant errors under high load conditions----up to 10% 
for the total system loss, 30% for the branch alone [2] [3]. 

In [4] [5], the concept and application of electro-thermal coordination are presented, and the 
coupling and conversion between electric and heat are considered, which provides a basis for further 
study on power flow calculation. In [6], a dynamic electro-thermal coordination method is presented 
to calculate the dynamic power flow. The algorithm considered temperature changes of power 
components to achieve the purpose of transformation between electricity and heat. The algorithm is 
relatively complicated and is not suitable for the large scale, multi-coupling and nonlinear power 
networks. The relationship between the temperature rise and the impedance of the power system 
equipment is given in the paper [7-10], which provides a basis for establishing the generalized 
electric power system electric heating model. 

In this paper, a new model considering temperature is established by improving the conventional 
method. The generalized model of electric power equipment is taken into account. The temperature is 
one of the state variables to establish temperature load flow model. Through given system thermal 
and environmental data in addition to power injections, the model links these relations with the 
conventional power flow by constructing a series of equations for branch resistance, loss and 
temperature. At the same time, this paper also estimates electric current of the transmission line by 
temperature to avoid transmitting electric current exceeding the allowable values, causing 
unnecessary operation. Finally, the simulation demonstrates the validity and feasibility of the 
proposed method. The case study and comparison of the calculations by two methods show that there 
exist significantly differences of the results.  
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Relationship between Temperature and Conductor Resistance 

Fig. 1 is the diagram of thermal resistance model of electrical components. This model simulates 
the thermal response of power equipment [9] [10]. In the thermal resistance model, the temperature of 
the equipment is proportional to the loss of the equipment. The ratio of the temperature rise to loss in 
the steady state is the thermal resistance θR . 

Loss
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Fig. 1 Thermal resistance model of electric element 

For the resistive loss, the temperature rise is proportional to the heat generated [10], 

Rise RatedRise

Loss RatedLoss
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T T
= = R

P P
                                                                                                                   (1) 

In which RiseT is temperature rise above the ambient, LossP is all the loss within the device, 

RatedRiseT is reference device temperature rise, RatedLossP is corresponding reference loss. 

Conductor temperature T is equal to the ambient temperature aT and temperature rise RiseT , namely, 

    RiseaT = T + T                                                                                                                       (2) 

Therefore, by rearranging (1) (2), 
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                                                                                                             (3) 

Assuming the transmission line is the ideal uniform material, the temperature of the transmission 
line is equal to the temperature of the surrounding without the current. In the steady state, the heat 
transfer of transmission line is determined by the heat balance equation [3], 

j s r cQ + Q = Q + Q                                                                                                                         (4) 

Where jQ  is Joule loss, sQ is heat absorption from sunshine, rQ is radiation heat transfer, cQ is 

convective heat transfer.  
Joule losses are computed from  

2
j cQ = I R                                                                                                                                            (5) 

In which I is the conductor current and cR is the unitary resistance. The conductor resistance is a 

function of temperature, as follows [11]: 

Ref
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T +T
R = R

T +T
                                                                                                                         (6) 

In which cR is conductor resistance, T is conductor temperature; RefR is conductor resistance at 

temperature RefT ; RefT is reference temperature; FT is temperature constant. 

The conductor is also heated by solar radiation, given by 

s s cQ =W d                                                                                                                                            (7) 

In which sW  stands for the incident solar energy and cd is the conductor diameter. 

Convection and radiation heat emission can be computed by means of empirical expressions. 
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Where S is conductor surface, p is atmospheric pressure, v  is wind speed, E is emissivity 
constant. 

rQ  , cQ can be approximated as linear functions of the conductor temperature under certain 

environmental condition, the above factors can be expressed as [3], 

 c c aQ A T-T                                                                                                                            (10) 

 r r aQ A T-T                                                                                                                            (11) 

In which cA , rA are the convective transfer coefficient and the thermal radiation heat transfer 

coefficient respectively. They are affected by the transmission line material, environmental factors, 
such as wind velocity, ambient temperature, material emissivity, radiating surface area. 

Because all the heat j sQ + Q  are produced within the line, c r/ A + A1 ( )can be analogous to θR  

in the thermal model. Using LossjQ = P , this allows a modified version of (2) to be written for 

conductors: 

a Loss( )s
c r

1
T = T + P + Q

A + A
                                                                                                         (12) 

The Power Flow Model and Temperature Change Process 

The power flow algorithm considering temperature is like the conventional algorithm, but is 
different from the coordination electro-thermal. The system is assumed to operate stably. 

The power flow model considering the temperature can be expressed as: 
( )f X,Y Z = 0，                                                                                                                                              (13) 

Where X stands for control variables, such as active power, reactive power, etc.Y is the state 
variables of the system, such as voltage magnitude, phase angle, etc. Z indicates the relevant 
parameters, such as component resistance, reactance, load, etc.  

For a system with K buses, N of which are PQ buses, and L dependent temperature of the branches. 
There are K-1unknown voltage angles, N unknown voltage magnitudes and L unknown temperatures. 
In addition to the conventional state variable V and θ , the state variable T is required as the 
temperature value of each dependent temperature branch. State vector generates 

form T[ ]X = θ,V, T . 
The Jacobian matrix is augmented as follows 
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                                                                                      (14) 

Where mismatches may be defined as the difference between the expected and calculated equation 
values: 

Gen.i Load.i( ) ( )i iΔP = P - P - P θ,V, T                                                                                                   (15) 

Gen,i Load,i( ) ( )i iΔQ = Q - Q - Q θ,V, T                                                                                                           (16) 

122



 

( )i iΔE = 0 - E θ,V, T                                                                                                                         (17) 

Because the conductor resistance is a function of temperature, we cannot directly obtain the partial 
derivatives of T. Therefore, the chain rule must be used. For example: 

i i kn kn i kn kn

kn kn kn kn kn kn kn

ΔP ΔP g R ΔP b R
= +

T g R T b R T

      
   

      
                                                                         (18) 

Where knT , kng , knR  and knb  are line temperature, conductance, resistance and susceptance from 

bus k  to  n, respectively. 
Once the Jacobian matrix is defined, iterative equations become: 

υ+1 υ υ

υ υ υ υ -1 υ
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( )
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1                                                                                       (19) 

General convergence criterion: 
υ

ii
max ΔP < ε , ii

max ΔQ < ε , υ
ii

max ΔE < ε                                                                                 (20) 

In which υ is the iteration number. Flow process is illustrated in Fig. 2 
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Fig. 2 Flow process diagram of program 

Carrying Current Estimated by Temperature  

When the actual power system is running, the temperature rise of the transmission line is 
unbalanced because of the difference of the load current and the change rate of the transmission line. 

Under any initial conditions, when the temperature of the transmission line is unchanged, the 
equilibrium state is reached. When a certain balance of current-carrying capacity corresponds to the 
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allowable temperature of the transmission line, the current-carrying capacity is the allowable flow of 
the transmission line [11]. 

       max max max max
2

s c rQ + I R T = Q T +Q T                                                                                           (21) 

Thus, the load flow permitted by heat in the transmission line can be expressed as: 

     
 

max max
max

max

c r sQ T +Q T - Q
I =

R T


                                                                                                        (22) 

The current technical regulation is set in the conservative meteorological conditions (such as 
higher ambient temperature, strong sunshine, lower wind speed, etc.). The maximum allowable 
temperature of the long (or short) heating of the transmission line is maxT and the result of (22) is 

conservative. From the long-term maximum allowable current concept can be seen, the largest 
current determination is in consideration of single transmission line. Of course, it can be conveniently 
determined the maximum current-carrying capacity under different conditions according to the 
different settings of the scene. For a long time, the operation of the actual power system is basically 
based on the method.  

The power flow of transmission line can be expressed as (ignore susceptance) 

     2
jk j jk j k jk jk jk jkP =U g T -U U g T cosθ -b T sinθ                                                                            (23) 

     2
jk j jk j k jk jk jk jkQ =U b T -U U g T sinθ - b T cosθ                                                                           (24) 

The current through the transmission line is: 
2 2
jk jk

jk 2
j

P +Q
I =

U
                                                                                                                                       (25) 

In which jU ， kU are respectively for the bus j and k voltage amplitude; jkg , jkb  are conductance 

and susceptance from bus j to k, respectively; jkθ is the difference of voltage phase angles from bus j 

to k. It is known that  2 2
jk jk jk jkg = R / X + R  ( jkR  and jkX are resistance and reactance respectively.) 

and  2 2
jk jk jk jkb = -X / X + R  are associated with the resistance component. Therefore, and the power 

flow is also the change with the temperature.  
When a disturbance (load change, power generation mode) occurs, the temperature rise of 

transmission line is different. From this, the process of temperature rise should be integrated from the 
whole system, not being isolated. The limit of the power flow is monitored by the actual temperature 
and the security of the system can be guaranteed in case of avoiding excessive current-carrying 
capacity. 

Simulation  

The New England IEEE39 bus system is publicly available as an example. The system consists of 
10 generators, 19 loads and 46 transmission lines. System base volume and temperature were 
100MVA and 1000C, respectively. All the parameters of the grid are converted to p.u. and all line 
conductors are using hard-drawn aluminum wire ( FT =228.10C). Assuming that all the line 
conductors are considered the temperature loss of the branch, the wind speed and other environmental 
factors are negligible. In order to verify the correctness of the method proposed, the case is simulated 
in the environment of Matlab. Assuming that the initial temperature of all line conductors is set to 
250C, the calculation results of conventional power flow (Newton-Raphson method) algorithm and 
considering temperature power flow algorithm are given, respectively. Computer configurations are: 
the processor Intel (R) Pentium (R) G2030 CPU @ 3.00GHz, RAM for 4GBytes, the system for 
Windows 7. 
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In Tab.1, from a running time comparison of two algorithms can be seen, considering temperature 
plow flow algorithm is longer than conventional algorithm in running time because the new model 
improves the requirements of the convergence and increases running time. 

Tab. 1 Running time comparison 
Algorithm Conventional PF Considering 

temperature PF 
Iterations 1 4 

Setup 7.4 ms (11.92%) 6.8 ms (5.23%) 
Calculating Y Bus 5.1 ms (8.16%) 10.3 ms (7.85%) 

Calculating Jacobian 39.4 ms (63.26%) 89.5 ms (68.44%) 
Calculating Mismatches 0.7 ms (1.16%) 3.2 ms (2.43%) 

Calculating Updates 1.6 ms (2.59%) 5.3 ms (4.07%) 
Overhead 8.1 ms (12.91%) 12.2 ms (9.34%) 
Updating 

Temperatures 
0 ms 3.5 ms (2.65%) 

Total 62.4 ms (100.00%) 130.8 ms (100.00%) 
The line loss can be observed directly by the visual observation of the two models in Fig. 3. The 

temperature is different in different branch number. However, some branches are sensitive, such as 
branch 6-11, 16-19 and so on. The difference of line loss calculated between conventional method 
and considering temperature algorithm to the loss of conventional calculation is defined as the 
relative loss ratio. By calculating, the total loss of conventional power flow is 43.641MVA, 
considering temperature power flow is 44.953MVA. The total line loss of considering temperature 
power flow is up to 3.01% higher than that of conventional method. However, for some temperature 
sensitive transmission lines, such as branch 16-19 reached 4.90%, line loss can be seen significantly 
influenced by temperature factor. 
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Fig. 3   Comparison of transmission line loss 

The assumptions that the external environment temperatures are 50C, 150C, 250C, 350C are used in 
the cases. With the increase of temperature, the relative loss ratios of some branches are getting 
higher and higher in Fig.4. The maximum can reach 6.49%, for the additional loss of power system, 
which has reached large value. The temperature sensitivity of different branches in power network is 
different, but the sensitivity of each branch to temperature is determined in a given network. 
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Fig. 4 Relative loss ratio of branch under different environment temperature 

The sensitive branch to the electric heat can be obtained by considering temperature power flow 
model, such as branch 19-33. There exist 642.8A and 653.1A when ambient temperatures are at 150C 
and 350C respectively in Fig.5. Thus temperature values obtained from the lines are 22.40C, 51.80C 
respectively. The loss of the corresponding transmission line can be obtained by the power flow 
calculation, so the current-carrying capacity can be determined by temperature. As long as the 
temperature does not go beyond the allowable temperature limits, the line will be safe in theory. 
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Fig. 6 Branch temperature under different environment temperature 

Conclusion 

Temperature produced by electro-thermal causes the change of transmission components and 
electrical characteristics. Considering temperature power flow model provides an idea for the 
electro-thermal analysis of power flow. The numerical example shows that temperature has some 
effect on the power flow distribution of power system. In some branches, the loss is obvious, so the 
electric heating factor is considered in the power flow analysis necessarily. Through the new power 
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flow model, the transmission current-carrying capacity can be determined by temperature and then it 
can make a judgment to power system decision-making and predict, improving the security and 
stability of power system. 
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