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Overview of the Day 

• Today is intended to be a learning experience 

• Questions will be taken at the end of each 
session 

• After each session I will provide an overview 
of some CIGRE publications on the topic 

• All slides will be put up on our website which 
will be launched early in new year 



Accessing CIGRE Publications 

Marie Hayden 



Types of CIGRE Publications 

• Technical Brochures 
– Usually 100+ pages long 
– Results of the work of CIGRE Study Committees 
– New Technical Brochures are introduced in the Electra journal through 

an Executive Summary, which presents the purpose of the work, its 
main results and the foreseen applications 
 

• Session Papers 
– Papers Presented at Symposia and Conferences (2-3 per year) 
– Usually 7-10 pages long 

 

• Electra Magazine 
– Summary Articles submitted by Study Committees & Working Groups  
– Scientific papers submitted by individual authors and peer reviewed 



Access to CIGRE Publications 

• Electra is posted to all members  
• Young members get on-line access to Electra 
• Papers at Symposia etc. are provided on-line to all 

registered attendees 
• e-CIGRE contains access to CIGRE publications for 

members 
– Articles in Electra Magazine 
– Papers at Conferences & Symposia 
– Working Group Reports 
– Technical Brochures 



Accessing Information 
www.e-cigre.org  

 
• Log on to e-CIGRE using your CIGRE membership number 
• Use Search function to search by any or the following 

– Author 
– Reference 
– Title 
– Abstracts 
– Study Committee 
– Working Group 

• If you find a paper you are interested in click on the 
Adobe PDF symbol to open or download it.  

http://www.e-cigre.org/
http://www.e-cigre.org/
http://www.e-cigre.org/


www.e-cigre.org 

http://www.e-cigre.org/
http://www.e-cigre.org/
http://www.e-cigre.org/






Any Questions? 
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Session 1 

 

Alternatives to New Overhead Line 

Infrastructure 

Deborah Meghen 

Dr. Eamonn Duggan 

Frédéric Vassort 



Overhead Lines – Getting More Out 

of Existing Infrastructure 

 

Grid 25 OHL Challenges 

Deborah Meghen 

Manager, HV Transmission Projects 



Grid25: Critical Infrastructure 

 200+ Grid25 projects 

 44 projects greater than €10m 

 2,000 km of line upratings 

 1,150km of new line 

 14 new HV Stations 

The Drivers The Programme 

 Facilitating Regional Development 

 Connecting New Generation 

 Enabling competition 

 Interconnection  

€3.2bn Investment 
3,000 Jobs* 

* Indecon Study, 2013, Grid25 investment will sustain c. 2896 jobs over period to 2025 



Grid25: Progress to Date 

 200+km of new line built 

 700+km line uprated 

 3 new stations built 

 1,469MW new generation connected 

* MW registered capacity  

Summary Achievements 

Lodgewood 
220kV station 

Knockraha Kilonan 
220kV HTLS uprate 

Flagford Srananagh 
220kV circuit 

Aghada Raffeen 
220kV circuit 

Tarbert Tralee 
110kV line 



Grid25: Major Backbone Projects 

North-South 
Interconnector 

Grid West 

Grid Link 

South West 
Stations 

North West 

North South SW Stations Grid Link 

North West 

Grid  West 



Line Uprates / Refurbs by 

Region 
2013-2020 

 

 

 

625km 

371km 

435km 

148km 

144km 

55km 

KM   Region   

625 West & West Midlands   

371 South West   

435 South East   

148 North West   

144 Dublin & East Midlands   

55 North East   

1778 Total    



Grid25: Key Challenges 

•Overhead v Underground 

•Health 

•Environmental impact 

•Community Gain\Benefit 

Issues Include 
 Public Acceptance 

 Community Engagement 

 Land Access 

 Planning 

 Stakeholder Support 







Emerging Preferred Corridor 

Grid West   

October 2013 
 
EPC Announced on Oct 7th: 
 broadly the same as LCC with some modifications at: 
1. SB2 Substation Site 
2. River Moy crossing north of Foxford 
3. Killasser 
 





Grid Link 1km Corridor Options  



Stage 1 Information Brochure  
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CIGRE Training Day 

2nd December 2013 

Innovative Ways to Increase the Power Transfer 

Capacity of Existing Transmission Lines 

 
Dr. Eamonn Duggan 
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• Examine a range of solutions to increase the power 

transfer capacity of an existing transmission line 

or power corridor 

• Will look at 

• Different conductors, operating at different 

voltages, special protection schemes, series 

and shunt devices, FACTs devices etc. 

 

Topic of Presentation 
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Power Transfer Capacity 

• To determine the PTC three separate limits 

need to be considered 

• Thermal limit 

• Voltage criterion/ stability(VS/VR > 0.95) 

• Angular Stability limit (angle less than 350) 

• Limitations are generally thermal for short 

lines, voltage drops for medium lines and 

augular stability for long lines 
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Power Transfer Capacity 

• Sometimes it can be helpful to consider the PTC in 

terms of surge impedance loading 

• Surge impedance loading – when Var generated 

by the line is equal to the Var consumption of 

the line 

• 500kV line 

• Flat formation SIL = 1,00MW 

• Delta formation SIL = 1,300MW 

• Thermal rating three times the SIL 

• Voltage stability limit 1.3 to 3 times the SIL 

• Angular stability limit <1.3 time the SIL 
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Power Transfer Capacity 
L

o
ad

ab
il

it
y

 

Line Length 

Reduction in Capacity 

Thermal Limit 

Angular Stability 

Limit 

Voltage Limit 
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Calculating the PTC 

Medium Length Line 50 – 

150km 

Nominal π representation 

2 1
2

ser RS RC R RRZI V Z I I V
YZ

V V ZI

1 1 2 1 1
22 2 4

S R RC ser C C R S R R

Y Y
I I I I I V

ZY
V

ZY
I Y II V
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Calculating the PTC 

Medium Length Line 50 – 

150km 

Nominal π representation 

P =V
R
I
R
cosq

R

Q =V
R
I
R
sinq

R

• The active power 

delivered to the load  

• The reactive power 

delivered to the load  
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Calculating the PTC 

Assume lossless line 

and no shunt admittance 

P =
V
S
V
R
sind

X
L

Q =
V
S
V
R
cosd

X
L

-
V
R
V
R

X
L

P
loss

= I
L

2R
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Increasing the PTC of 

Existing Lines 

• Increasing capacity – number of categories 

• Modify the line parameters 

• Re-use the Right-of-Way 

• System changes 

• Solution depends on 

• What is the limiting factor 

• Desired increase in PTC 

• What’s possible 
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Thermal Limitation Ploss = I
L

2R

• Heating of conductor causes increased sag  

• Each line has a maximum design temperature 

• Exceeding this design temperature will 

resulting in ground clearances being infringed 

• So to increase PTC 

• Reduce the heating impact – lower 

resistance 

• Design to operate at a higher temperature – 

providing more ground clearance/retension 

• Both 
Aside – sometimes other components limit thermal rating, cable 

tails, line traps, jumpers/droppers, instrument transformers, 

inductive interference. 
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Thermal Limitation 

• Lower resistance 

• Increase the cross-section 

• Alternative materials 

• All aluminium conductor (AAC), 

aluminium alloy conductor (AAAC) 

• Selection criteria 

• Achieve desired rating 

• Impact on existing support 

structures/foundations 

• Sag/tension characteristics 

• Corrosion resistance 

• Cost 

 

ACSR 
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Convention

al 

Conductor 

HTLS 

Conductor 

Sag 

• Increase operating temperature 

(generally with increased cross-section) 

• Must provide more ground clearance 

• Impact on tower loadings 

• Or use HTLS conductors 

Thermal Limitation 
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Thermal Limitation 

• HTLS conductors – type one 

• High Temperature (Super) Thermal Resistant Alloy 

Conductor (TACSR, STACSR, TACIR) 

• Core is galvanised steel, al clad steel, Invar 

steel 

• Outer layer composed of thermal resistant 

aluminium alloy 

• Operating temperature 1500C (2100C) 

• 50% (100%) increase in rating compared to 

equivalent sized ACSR 
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Thermal Limitation 

• HTLS conductors – type two 

• Decouple load bearing and current carrying 

elements (GTACSR/GZTACSR) 

• Maintain a gap between the core (steel or 

composite) and thermal resistant alloy 

conductors 

• Operating temperature 1500C – 2100C 

• 100% increase in rating compared to 

equivalent sized ACSR 
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Thermal Limitation 
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Thermal Limitation 

• Selection criteria 

• Achieve desired rating 

• Impact on existing support structures 

• Sag/tension characteristics 

• Complexity 

• Corrosion resistance 

• Cost/cost of losses 
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Thermal Limitation 

• The situation in Ireland 

• Initial 110kV lines 

• 200ACSR operating at 500C 

• Uprated to 430ACSR operating at 800C equiv 

 

Conductor Type 
Operating Temp 

0C 
Winter Rating 

MVA 

200 ACSR 50 105 

430 ACSR 80 219 

220 GAP 210 222 

308 GAP 130 221 

308 GAP 150 236 
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Thermal Limitation 

• The calculation of thermal limits are conservative 

by nature 

• They involve several assumptions, such as 

• Ambient temperature 

• Wind speed and direction 

• Solar gain 

• This issue will be dealt with in much greater detail 

in a subsequent presentation 
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Voltage Limitation 

• Voltage drop across line 

impedance  

• Receiving end 

voltage will drop 

sharly with increasing 

lagging load 

• Reactive absorption 

of line itself increases 

with increasing load 

 

 

S R LV V jX I
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Voltage Limitation 

• To increase PTC 

• Provide reactive support 

• Generator reactive capability 

• Install shunt capacitors 

• Install Static Var Compensator (SC, TCR, TSC), 

Static Synchronous Condensor (Statcom) 

• Reduce series reactance of the line 

• Install series capacitors (FSC, TCSC, TPSC) 

• Can be classified as active or passive 

S R LV V jX I
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Voltage Limitation 

TC

R 

TSC FC 

SVC Statcom 
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Voltage Limitation 

• The situation in Ireland 

• Installed numerous fixed capacitor banks 

• Installed two (?) SVC’s 
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Angular Stability Limitation 

• During a fault, mechanical 

power input unchanged, 

while electrical power 

output drops (to zero) 

• Generator accelerates until 

once again it can export 

electrical power 

• Generator may or may not 

remain stable – equal area 

criterion 
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Angular Stability Limitation 

• The same amount of 

power can be 

transmitted over a 

capacitive compensated 

line at a lower load 

angle 

• The increase in the 

height in the power-

angle curve means that 

a larger amount of 

decelerating area is 

available 

• Improves stability 

margin 

• Reduce series reactance of the line by installing series capacitors 

(FSC, TCSC, TPSC) 

• Also improves voltage stability 
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Angular Stability Limitation 

V 

• Series compensation 

improves 

• the voltage profile and 

the maximum load point 

• the power transfer curve 

• So positive impact on 

both voltage and angular 

stability 
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Reusing Right-of-Way 

• Increasing operating voltage 

using existing structures 

• Possible but – 

• Insulation study 

• Reduced safety 

margins 

• Inter-polling 

• Increased tension 

• Corona issues 

• Not a new system 

voltage 
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• Change from HVAC to HVDC 

using existing structures 

• For EHV lines with bundled 

conductors current densities 

are very low 

• Double cct AC to 3 bipoles 

• Single cct AC to bipole with 

metallic return (centre 

conductor) 

• About 1.5 to 3.5 times 

increase in PTC 

• Loads of studies but never (?) 

done 

Reusing Right-of-Way 

Phase conductors 

Metallic return 
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• Include another line within the 

existing RoW 

• Has been done 

• Uses compact design 

• Ultimately can – 

• Remove existing structures and 

construct new higher 

voltage/capacity line 

 

Reusing Right-of-Way 
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Reusing Right-of-Way 
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Thank you 



www.ampacimon.com 

 

 

Dynamic  Line  Rating 

 

Safely increasing network 

capacity ! 

Cigre Technical Forum 

Dublin 

2nd December 2013 

http://www.ampacimon.com
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From darkness to light… 

Sea 

Seasonal  

rating 
Line capacity Dynamic Line Rating (DLR) 

DLR allows: 

• To uncover the available line capacity (aka ‘ampacity’) 

• To go closer to the limit, with the same level of security 



The actual thermal rating is determined by the sag 

• Sag (Clearance) is the most critical limit to the operation of an 

overhead-line 

• Typically maximum sag will be reached at temperatures below 

maximum conductor temperature  

• Direct sag measurement is the safest monitoring method 

• One device on one phase per section is enough 

61 
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Seasonal 

rating 

Load [A] 

Conductor temperature [°C] vs. Line load [Amps] (570mm2 Aluminium-alloy conductor) 

Design (reference) 

v=0.5 m/s 

    Max. 

    Temperature  

75 C Max. sag 

Line capacity is designed for the worst case… 

… but line capacity is very sensitive to low 

windspeed 



 Wind blowing perpendicularly to the conductor 

at 5 m/s doubles the line capacity 
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Actual  

line capacity 

Max. sag 

Design (reference) 

v=0.5 m/s 

Load [A] 

Conductor temperature [°C] vs. Line load [Amps] (570mm2 Aluminium-alloy conductor) 

    Max. 

    Temperature  

Other limits 

2000A 1500A 

Seasonal 

rating 

1000 A 



Sag Validated by Topography 
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Ampacimon Smart Sensors Installation 

• Simple & quick to install 

• Self powered 

• No maintenance 

65 



DLR System Components 

 

66 



Installation near wind farms 

67 

10 Ampacimon units 

were installed 

in October 2010 

Offshore  

wind farms 

150 kV lines near Bruges, Belgium 



Line capacity in real time  

68 

span 1-2 (150-15 line) 

Seasonal 

rating 

Available capacity 

24h 

Actual current 



Contribution of DLR to the management of the grid 

 

 

Time horizons 

• Real time   : security of supply  

• 1 day ahead  : security of supply & competitiveness 

• 2 days ahead  : competitiveness 

• Increase wind generation hosting capacity  

69 

Benefits for TSOs 



capacity can change quickly 

a stable value is needed 

 

 Real Time capacity 

70 

Real-time capacity 

1h forecast 

seasonal rating 

Real Time Capacity 
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Historical data 

ALGORITHM 

Meteo France,  

DTU, ULg 

DLR used for capacity forecasting 



Line capacity forecast (NETFLEX) Real-time capacity 

1 week 

100 
Seasonal rating 
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Results 

2 days ahead capacity forecast (P98) 



Security assessment  carried out in D-1:  

 

• National level  

     No limit violations in N-1 situations 

 

• European level (RGCE)  

     Day Ahead Congestion Forecast procedure :  

 exchange of 24 files (1 file per h) to assess there are  

 no limit violations in N-1 situations for the ENTSOE Grid 
 

 

 NETFLEX Findings : 1-day ahead forecast capacity P98 can 

replace the seasonal rating 
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Day-1 Security Assessment 



Line capacity is correlated with 

power output of nearby wind farms  
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seasonal rating 

1 week 

Real-time capacity Offshore windfarm 

power output 
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Correlation line capacity and    

power output of nearby wind farms  



 

• DLR forecaster provides on average 10%-15% more capacity 

(P98) on overhead lines in day-1 and day-2 

• Ampacimon can be deployed quickly 

• The benefits are  

• Sustainability: quicker integration of RES 

• Competitiveness: higher transmission capacities 

• Security of Supply: increases network utilization while keeping the 

same level of security 
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Conclusions 



 

 

 

Ampacimon 
3 rue des Chasseurs Ardennais 

4031 Angleur 

Belgium 

www.ampacimon.com 

info@ampacimon.com 

 

Safely increasing network 

capacity ! 

http://www.ampacimon.com
mailto:info@ampacimon.com
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Questions & Answers 



Overhead line infrastructure 
 

PUBLICATIONS 



Paris 2012 

• SC B2 Overhead Lines 
– Preferential Subject PS1 – Improved Utilisation of Overhead Line  

• Electrical optimisation of existing rights of way including new conductor 
technologies 

• Conversion of AC lines to DC operation 
• Line monitoring and dynamic line rating methods 
• Sharing rights of way with other parties 

• SC C3 System Environmental Performance:   
– Preferential Subject PS1 Public acceptance of electric power system 

infrastructures 
• Experiences in communication practices, stakeholder engagement and public 

awareness improvement 
• Legislation requirements, guidelines, roles of authorities and regulators 
• Methods and experiences of accommodating stakeholder needs into planning 

and operation of electric power system infrastructures  



Paris 2014 

• SC B2 Overhead Lines 
– PS1 > Minimizing the Impact of new Overhead Lines  

• Design, construction and operation 

• Ecology, vegetation and wildlife management 

• Routing and visual acceptance 

• Design of and experiences with transitions to underground 
sections. 

  

• SC C2 System Operation and Control  
– PS1 > Managing new challenges in operational planning 

and real-time operation of Electric Power Systems  
• Use of line loadability and dynamic ratings.  

 

 



Publications 

• Scientific Paper 
– Overall cost comparison between cable and overhead lines including the costs 

for repair after random failures 
– Transmission line design is booming - a current practical consideration of 

transmission line engineering  

  
• Technical Brochures 

– TB 498 Guide for Application of Direct Real-Time Monitoring Systems  
– TB 416 Innovative Solutions for Overhead Line Supports  
– TB 338 Statistics of ac underground cables in power networks  
– TB 294 How oh lines are re-designed for Uprating / upgrading  

 
• Session Papers / Electra 

– High and extra high Voltage lines, Health and the environment   
– Camouflage of power lines to reduce visual impacts and enhance public 

Acceptance   
– Guide for Application of Direct Real-Time Monitoring Systems  


