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Abstract 
This paper discusses that the significant voltage drop 
under load condition is the big problem of distribution 
networks, because it limits the transfer capability of 
distribution lines. A utilization of the compact lines 
technology allows a significant increase in the transfer 
capability of distribution lines. Important developments 
for controlling over voltage and conductor resonances in 
recent decades gave the possibility to reduce the 
distances between phases. The modern distribution lines 
can be optimized with respect to their electric 
parameters in comparison with normal distribution 
lines, and by this increase the capacity in energy 
transmission.  
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Nomenclature 

Pn = SIL surge impedance loading  
U1 voltage at the start of line  
U2 voltage at the end of line  
λ line impedance λ =wl/ υ 
J  current density, A/mm2 
ρ  conductor special resistance 
ℓcr length of line 
X inductive impedance 
R active resistance 
P/Pn transmitted power / surge impedance 

loading or natural power  
U2.nom real value voltage  
φ shift angle between voltage and current 
Dav average geometrical distance between 

conductors  
 Z surge impedance 
r0 radius of a conductor  
Irc reactive current end of line for 

consumed 
I2 loading current end of a line 

1 Introduction 
Voltage drops occur in transmission lines, sub 
transmission lines and distribution lines between the 
source and load. The voltage drop is very important 
when the impedance of transmission and sub-
transmission line is high relative to the components of 
the circuit. By choosing suitable physical inductive 
reactive power and capacity power in exit line. Then we 
do not need to have extra equipment like capacitors and 
reactors. The high efficient transmission of electricity is 
depending on two important problems: voltage drop and 
power losses. Since alternating current (AC) depend on: 
(1) reactive power, and (2) characteristic impedance 
(inductance and capacitance). 
       Part of the capacity transmitted depends on reduced 
reactive power in the line. If we provide the right 
conditions, electrical energy can be transmitted without 
power losses. The reactive power can be compensated 
by extra equipment installed in the line as a parallel 
reactor or compensating capacitor, but we will have 
problems to provide equipment and we have to pay a lot 
of money for the purchase of the equipment. There are 
other methods for reducing reactive power by creating 
balance between reactive power, inductance and 
capacitance in the line. This will be discussed in this 
paper.  

The effect cost for these equipment can be 
predicted, respectively. Transmission line design is 
discussed in (Clerci and Landonin, 1991; Heidari and 
Heidari, 2002; Doss, 2002). More details of technology 
is available e.g. in (Alcola Conduc tor Accessories, 
2003; ACCR, 2003; 3M, 2003). 

 

2 Designing modern lines in sub-
transmission and distribution 
voltages 

The equivalent scheme of a distribution lines is 
presented in Figure 1, Here X is the inductive impedance 
of a line, R is its active resistance. Let us present the 
loading current at the consuming end of a line in the 
symbolized form 

 
 
 

(1) 
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(2) 

where Z is the surge impedance of a line, Pn is the natural 
power of this line or surge impedance loading, P is the 
transmitted power, φ is the shift angle between voltage 
and current. The reactive current, consumed (generated) 
by the line at its end is equal to 

 
 
where λ is the wave length of a line. By P = Pn, the line 
does not consume and does not generate reactive 
current. But when P < Pn the line generates a reactive 
current, and when P > Pn, the line consumes reactive 
current. The sum of a current at the end of a consuming 
end of a line is equal to 

 
The voltage at the sending end of a line is shown in 
Figure 2. 

 

Figure 1. Inductive impedance (X) and active resistance 
(R) in distribution line. 

 

 
 
Figure 2. Vector diagram of voltages for transmission lines 
(a) for clean active loading and by presence of inductive 
component (b). 
 

 
where vector U2 is combined with the axis of a real value 
and X = λZ . By neglecting the unreal component, which 
influences on the value of U1 practically negligible  
and by assuming that U2 = U2.nom we obtain the value of 
voltage at the sending end of a line: 
 

 
where the assumption (U2 = U2.nom) is real, because by 
permissible voltage drop the voltage at the consuming 
end is to be not less then U2.nom.  

The ratio R / Z can be estimated by the next method. 
The active cross-section of the phase conductor is equal 
to 

 

where J is the current density in a conductor. Hence the 
active resistance of the phase conductor is equal to 

 

where ρ is the specific resistance of a conductors and / 
is the length of a line. Therefore, the ratio 

 

Putting this ratio into the relation (6) we obtain 

 

or the square equation in relation to the ratio P / Pn 

 

As a result of this equation solution the permissible 
ratio P / Pn by the given permissible  
ratio U1/U2 is equal to 
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Inserting in the last formula we get a value of  SIL 

 

We obtain another formula for the permissible 
transmitted power over a line  

 

 
It is possible to conclude from these last formulas, 

that it is impossible to transmit electrical energy over 
relatively short lines (λ ≤ 0.1 rad), for which these 
formulas were obtained, without voltage drop. More 
over the voltage drop along the line is to be bigger than 
the voltage drops on the active resistance, which is 
determined by the item with the specific resistance ρ.  

 By the presence of an inductive load (φ > 0), the total 
voltage drop over the line is to be cover and increasing 
the reactive item, which is determined by the last item 
in (12) and (14). Therefore by nominal operating voltage 
at the consuming end of a line the voltage at the sending 
end of a line is to be bigger, however, not bigger than 
the maximum operating voltage. For this reason the 
bigger is the length of a line, the less is the permissible 
transmitted power.  By the given permissible ratio U1/U2 
and by the given length of a line, the permissible 
transmitted power P is inverse proportional to the surge 
impedance of a line. 

3 Identification of surge impedance in 
modern distribution lines 

This conclusion confines the efficiency of measures for 
compactization of a line structure and additional 
measures, caused the decrease of the surge impedance 
of a line. Really the surge impedance of lines with single 
conductors in a phase is equal to 

where Dav.g is the average geometrical distance 
between all three phases, r0 is the radius of a conductor. 
By the decrease of Dav.g. The surge impedance Z 
decreases, but not so much. It is possible to decrease Z 
by using a conductor bundle instead of a single 
conductor with the same cross-section which is 
determined by the selected value of J. For double 
conductors in a phase the surge impedance of a line is 
equal to 

 

where d is the distance between two sub conductors. By 
triple conductors in a phase, the surge impedance of a 
line is equal to 

and by four sub conductors 

 

It is possible to see that the bigger the number of sub 
conductors the more effective is the splitting of the 
conductor. It is necessary to note that the efficiency of a 
conductor splitting increases by the decrease of Dav.g. 
The minimum Dav.g is by the triangle disposition of all 
phases.  

By optimizing the distance between neighboring 
conductors d=0,5 - 0,6 cm and by minimum possible 
distances between phases it is possible to decrease the 
surge impedance of a distribution line by two - three 
times compared to conventional lines (130 - 160 Ohm 
instead of 350 - 400 Ohm). Without interphases, the 
insulation spacers (compact lines) are two times and 
approximately three times less by the installation of 
interphase insulation spacers (super compact lines).  
This is in accordance with (14).   

4 Ratio P/Pn versus length 
The permissible ratio P/Pn , which was calculated by 
means of formula (12) with permissible voltage drop 
U1/U2 = 1.1 by current density J=1 A/mm2, by different 
values of a power factor cosφ and by different operating 
voltages of lines are presented in Figure 4 versus their 
length. 

 

Figure 3. Voltage line. 
 

As it is possible to see for each level of operating 
voltage a decrease of the power factor cosφ leads to a 
significant decrease of permissible ratio P / Pn , if this 
ratio P / Pn > 1. On the contrary if this ratio P / Pn < 1 
the decrease of cosφ leads to the increase of a 
permissible ratio P / Pn. A crossing of all curves takes 
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place by the same length of lines. This critical length of 
lines ℓcr increases when the operating voltage increases: 
The dependence ℓcr = f (Unom) is linear (Table 1) and can 
be estimated by means of the simple formula 

 
where ℓcr is in km and Unom is in kV. 
 

 

Figure 4. Ratio P/Pn versus length in kilometers. 
 

An increase of the operating voltage leads to a 
significant increase of the permissible ratio P / Pn for 
the given length of a line. Respectively, the permissible 
length of a line for a transmission of the given ratio P / 
Pn increases significantly by an increase in the operating 
voltage. Table 1 shows the significant length of modern 
distribution line for different operating voltages 
 
Table 1. Operating voltages. 
 

 

5 Conclusions 
 
Low power factor leads to the increase of voltage drop 
along the line and as the result limits the transmitted 
power and the possible length of electrical energy 
transmission. In order to decrease the influence of the 
power factor on the transfer capability of lines it is very 
useful to decrease inductive impedance of lines by using 
bundles of conductors and decreased distances between 
phases. 

References 
ACCR. Power Conductor Accelerated Testing Facility 

(PCAT), ACCR Technology Description, November 2003.  

Alcola Conductor Accessories. Transmission Accessories, 
2003.  

G. N. Alexandrov and H. Heidari. Equalization of overhead 
Ch. RI, "Heida" Increasing Lind Voltage.  

Aluminum Conductor Composite Reinforced, Technical 
Notebook, 3M, March 2003.  

A. Chakir and H. Koch. Thermal Calculation for Buried Gas 
–Insulated Transmission Lines (GIL) and XLPE-Cale, In 
IEEE Winter Power Meeting 2001, Columbus, 2001.  

A. Chakir and H. Koch. Long Term Test of Buried Gas 
Insulated Transmission Lines (GIL). In IEEEWPM 2002 
New York, 2002.  

A. Clerci and M. Landonio. EHV Compact Lines – a new 
solution. In CIGRE, 1991.  

CRIEPI, Report: Development of Make 66 to 154 kV 
Overhead Compact Transmission Lines (Part7) – Study on 
Mechanical Stresses to 154 kV Insulation Arms on Full-
Scale Actual Test. CRIEPI Rep. W95037  

Dennis Doss. Double your transmission capacity without 
changing existing towers. In Electric light 7 and Cable, 
August 2002. 

Gh. Heidari. Equalization of overhead transmission line 
capacity different classes of voltage. In PSC 95, Tehran, 
Nov. 1995.   

Gh. Heidari and G. N. Alexandrov, Increasing line voltage or 
sub conductors number each phases. In CIGRE, Paris, 
France, Sept. 1996. 

Gh. Heidari and Maziar Heidari. Effect of land price on 
transmission line design. In CIGRE, Sept. 2002. 

C. G. Heningen, G. Kaul, H. Koch, A. Scheuette, and R.Plath. 
Electrical and Mechanical Long-Time Behaviour of Gas – 
Insulated Transmission Lines. In CIGRE, 08/2000.  

T. Hiller and H. Koch. Gas Insulated Transmission Lines 
(GIL): proven technology with new performance. In 
Xiamen Switchgear Seminar, China, 1997  

T. Hiller and H. Koch. Gas–Insulated Transmission Lines for 
high power transmission over long distances. In EMPT, 
Singapore, 1998a.  

T. Hiller and H. Koch. Gas –insulated Transmission Lines 
(GIL): A solution for the power supply of metropolitan 
areas. In CEPSI, Thailand, 1998b. 

H. Koch and A. Schuette. Gas Insulated Transmission over 
long distances. In EPSR, Hong Kong, 1997.  

Inventions & Innovations. Development of a Composite–
Reinforced Aluminum Conductor, Project Fact Sheet, 1999. 

H. B. Markus, P. Vestner, Diego F. Sologuren-Sanchez, Bodo 
A. Bruhl, and Paul F. Coventry. Dimensioning criteria and 
test result for a polymer enclosed gas insulted line. In 
CIGRE, 2000.   

F. Sganzerla, J. A. A., Casagrande, and D. B. Galia. Electron 
are Brazila – 500 kV and 230 kV Compavr Lines: Design 
and 2. G or subconductors number in each phase, CIGRE, 
Paris, France, Sept.1996.  

 

SIMS 60

220DOI: 10.3384/ecp20170217  Proceedings of SIMS 2019
Västeräs, Sweden, 13-16 August, 2019



Biography 

 Sohrab Firouzifar was born in Damavand in 
Tehran, IRAN, on July 9, 1959. He graduated from The 
Institute of Technology of Tehran (M.Sc.) and is a PhD 
student at Malardalen University in Vasteras Sweden. He was 
the director of standard and quality control in the Mazandaran 
regional electrical company in the north of Iran and is a 
member IEEE in IRAN, and member of the board in IEEE 
north of Iran. He has published several papers in Iran for 
example: International Power system conference (PSC) and 
distribution system conference about expert systems in 
transmission substation & power transformer utilization. He 
was the director for the technical office for 10 years and was 
director R&D in M.R.E.C for 7 years. 

 
  

SIMS 60

221DOI: 10.3384/ecp20170217  Proceedings of SIMS 2019
Västeräs, Sweden, 13-16 August, 2019


	Introduction
	Data Driven Modeling Principles
	Data and Input-output Mapping
	Case study: B-spline regressors
	Regularization
	Validation and generalization
	Nonlinear mappings
	Time series modeling

	Artificial Neural Networks
	Neural Networks
	Feed forward Neural Network
	Measures of model fit
	Training of the Neural Network
	FNN in Julia Flux

	Case: first order system with input
	Model
	Experiments
	FNN based surrogate models
	Hybrid model

	Discussion and Conclusions
	Introduction
	Current MPC solutions 
	Model Summary
	Concession Requirements
	Reference Tracking MPC Operation under Uncertainty

	Stochastic analysis of a deterministic MPC
	Simulation principle
	Simulation results

	Stochastic MPC
	Stochastic MPC approach
	Simulation results

	Deterministic vs. Stochastic MPC
	Conclusions
	Introduction
	Background
	Previous Work
	Overview of Paper

	Structural analysis
	Graph theory
	Structural controllability
	Structural observability
	Relative degree of system

	Julia implementation
	Graphical structure of system
	Structural observability and controllability
	Relative degree of system

	Results
	Simple waterway model
	Detailed waterway model
	Simple waterway model with generator

	Discussion and Conclusions
	Introduction
	Previous work and motivation
	Problem description
	Limitations

	Background
	Active distribution system
	X/R - Ratio in the distribution network

	Method
	Solar data
	The difference between Ustationary and Umax

	Results
	The test area at SÃ¸ndre SandÃ¸y
	Explanation NETBAS simulation tables
	Study of 3 kW solar panels at the objects
	Scenario I
	Scenario II
	Scenario III


	Discussion
	Conclusion
	Further work
	Introductions
	Background
	Previous work
	Overview of paper

	Theoretical basis
	Profile likelihood
	Parameter estimation uncertainty

	Experimental setup
	Experimental building
	Model
	Calibration data

	Results and discussion
	Profile likelihood
	Profile likelihood in 2D
	Reduced order model for Case S1
	Parameter inter-dependence
	PL analysis of model without Rg

	Conclusion
	Introduction
	Background
	Previous work
	Outline of paper

	Experimental Rig
	System Description
	Experimental Data

	Model Description
	Model overview
	Mixed tank model
	Stratified tank model
	Distributed parameter model
	Semi-discretized model

	Model parameters
	Operating conditions
	Basic simulation of stratified tank model

	Model fitting
	Sensor signals and experimental data
	Measure of model fit
	Model fitting results

	Discussion and Conclusions
	Monitoring of Erosion in a Pneumatic Conveying System by  Non-intrusive Acoustic Sensors – A Feasibility Study
	1 Introduction
	2 Materials and Methods
	2.1 Pneumatic conveying test rig
	2.2 Active acoustic monitoring method
	2.3 Test procedure
	2.4 Data analysis
	2.4.1 Latent variable matrix decomposition
	2.4.2 Partial Least Squares Regression (PLS-R)
	2.4.3 Cross-validation


	3 Results
	4 Conclusions
	Introduction
	Model
	Simplified model
	PDE model
	A brief discussion on equation of state
	Fluid structure interactions (FSI)
	Gridding
	Boundary conditions

	Initial conditions

	Comparison with field data
	Field data comparison, no fluid structure interactions
	Field data comparison, fluid structure interactions

	Conclusions
	Acknowledgements
	Model selection for waste conversion efficiency and energy demands in a pilot for large-scale larvae treatment
	1 Introduction
	2 Material and methods
	2.1 Description of the larvae production facility in Eskilstuna
	2.1.1 Treatment set-up
	2.1.2 Materials
	2.1.3 Temperature and moisture sampling

	2.2 Modelling
	2.3 Assumptions

	3 Results and discussion
	3.1 Treatment process
	3.2 Modelling
	3.2.1 Larvae growth and material reduction
	3.2.2 Evaporation of water to dry the waste


	4 Conclusions
	Introduction
	Bioprocess modelling
	Development of dynamic models
	Results and discussion
	Steady-state simulation
	Dynamic simulation
	Detection of operating conditions

	Conclusions
	Chemical equilibrium model to investigate scaling in moving bed biofilm reactors (MBBR)
	1 Introduction
	2 Materials and methods
	2.1 Sampling and wet chemical analysis
	2.2 Element analysis by Microwave plasma atomic emission spectroscopy
	2.2.1 Liquid sample preparation for element analysis
	2.2.2 Quantification of biomass on carriers
	2.2.3 Solid sample preparation for element analysis

	2.3 Model inputs
	2.4 Crystal observation in solid samples

	3 Results and Discussion
	4 Conclusions
	Introduction
	Background
	Organization of paper

	Mathematical model
	Overview of experimental data

	State Estimation
	Results and Discussion
	Conclusions and future work
	Introduction
	Generator capability curve
	Model development
	Rated turbine power limit
	Rated stator current limit
	Rated field current limit
	Practical Stability limit
	Visualization tool

	Case study
	Description of a test system
	Simulation results

	Temperature visualization
	Conclusion and further work
	Data for Test System 

