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Agenda
Overhead Lines Conductors 25 mins

• Capability and operation

• High Level summary

• Example Use Cases

• Safe Installation Practices

CTS (Capacitive Transfer System) Cables 25 mins

• Capability and operation

• High Level summary

• Example Use Cases

Best practice Cost Benefit Analysis 5 mins

Take-aways 5 mins

Questions and Answers 30 mins
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Advanced Conductors:
• Overhead Lines
• CTS (Capacitive Transfer System) Cables

Capabilities and operation
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Advanced Overhead Conductors
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Overhead Conductor Development

1970s 1980s 2000s 

ADVANCED 

STEEL CORE
(GAP, INVAR)

ACSS
PMC/MMC

CORE

Demand Increase

1920s 

ACSR 

Development of new conductor types

HTLS

(High Temperature Low Sag)

Traditional Conductors

HCLS
High Capacity

Low Sag

Challenges

Higher Temperature Leading To

• Aluminium Stability Issues

• Increased Sag

• Increased Line Losses
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What Are Advanced Overhead Conductors?

HCLS CONDUCTOR

Polymer or Metal Matrix Core

TRADITIONAL CONDUCTOR

Conventional Steel Core

PMC/CFC

DSO/TSO Technopedia Type 3/4 Conductors

MMC

ENTSO-E Type Common Acronym Description

3 MMC Metal Matrix Core (3M)

4 PMC Polymer Matrix Core (Others)

4 CFC Carbon Fiber Core

ACCS

ACPR

ACCC

HVCRC
ACCR ACFR

Legacy ACSR

Steel reinforced

Conductor
ACCM
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Why Advanced Overhead Conductors?

Photo: SSE

What are the main reasons for using 

Advanced conductors ?
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Why Advanced Overhead Conductors?
Applications

• Renewables tie-ins, eliminate curtailment
• Demand-side capacity increases, e.g. data-centres
• Single lines, >11kV
• Sweet-spot 33-150kV
• Long spans – river/valley crossings
• Wildfire mitigation

Differentiation

• Double transmission capacity – existing lines
• Lower resistive losses by 25-40%
• Lower sag/blow-out
• No „memory“ sag
• Lower overall project costs

• 80+ Year Life Expectancy  - Longevity-tested

Readiness levels

Category Level

Technology Readiness Level 9

Manufacturing Readiness Level 9

Commercial Readiness Level 10

Advanced

 Conductor

Legacy
 Conductor

Photo: SSE
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Deployment status – did you know ?

What kV levels do Advance 

Conductors get deployed in?

Which countries in Europe already use 

Advanced Conductors?
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Advanced Conductor Deployment

What kV levels do Advanced 

Conductors get deployed in?

Which countries in Europe already have 

Advanced Conductor in the field ?

Europe >25,000km

Worldwide >200,000km

13 to 1100kV

What matters most – overloaded 

network or adopting IGTs?
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Advanced Overhead Conductors
Standards/High-level Summary
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Advance Conductors – Standards/Guidelines

ASTM Standard B-987-25

"Standard Specification for Carbon Fiber Thermoset Polymer Matrix 
Composite Core (CFC) for use in Overhead Electrical Conductors"

• Only standard adopted worldwide
• Plethora of performance and test protocols (tensile, bending, thermal)
• Assess performance, integrity and longevity of carbon fiber

IEC TS 62818-1:2024

• Includes reference lifecycle assessment (Arrhenius plot method).
• UV/Salt-Fog

• Recommendations on test methodologies
• Provides latitude to Utilities in testing

https://r20.rs6.net/tn.jsp?f=001rnu-DRBAkOLsMLpc0OpUWoFELHsdc9WXYJkYP5tc3D29ZxLznNPR0pu5m54AeMUmag3WoH_cEoHYtAOHEEM_lNW7KkjnrMwUuzPzGT2RQ4fiOFTjyPrB43b_stF6FyVKc8kwz7v9Xg0Mz9mucKzq4TfLKOd7ZvpzvDeWpn5cGsI=&c=pYZuQLqiEXMcatdAyQ2YqI-JxTo5fNlpPU03pmlGZdadCL8FV3AfxQ==&ch=jzUVqVjsmjAj594f-ketfVY6AV7NjKQ8EODKrFCBOx6gWtwgpUdmFw==
https://r20.rs6.net/tn.jsp?f=001rnu-DRBAkOLsMLpc0OpUWoFELHsdc9WXYJkYP5tc3D29ZxLznNPR0pu5m54AeMUmag3WoH_cEoHYtAOHEEM_lNW7KkjnrMwUuzPzGT2RQ4fiOFTjyPrB43b_stF6FyVKc8kwz7v9Xg0Mz9mucKzq4TfLKOd7ZvpzvDeWpn5cGsI=&c=pYZuQLqiEXMcatdAyQ2YqI-JxTo5fNlpPU03pmlGZdadCL8FV3AfxQ==&ch=jzUVqVjsmjAj594f-ketfVY6AV7NjKQ8EODKrFCBOx6gWtwgpUdmFw==
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Typical lead times compared to conventional solutions

Sources: IEA, BNEF, CTC Global, Epsilon Composite

• Construction time universally 

recognized as a key issue

• Advanced Conductors 

reduce permitting times 
(lower sag, blow-out)

• Same installation times as 

conventional

• Actual installation speed: 

10-20 route km/month

Advanced Conductors Reconductor
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Where Do Advanced Conductors Fit?
NOVA Principle (Network Optimisation  - Before -  Reconductoring -  Before - New Lines)

DLR

Year 0-1 IGTs:
• Dynamic Line Rating

• Inertia Monitoring

• MPFC

• Digital Twins

Year 1-5 IGTs:

• Advanced Conductors

IGT = Innovative Grid Technologies
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Advance Overhead Conductors –
High Level Key Takeaways

Lower overall project costs – existing infrastructure

TRL 9 - > 200,000km Advanced Conductors already in successful operation

Advanced Conductors offer higher performance than any other OHL conductor

Lower sag/less blow-out: quicker permitting 

Fast deployment – rapid baked-in capacity increase1

2

3

4

5
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Advanced Conductors
Example Use Cases
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Advanced Conductors- Use Cases

Advanced Conductors key use cases:

• Double transmission capacity through existing or narrower corridors

• Future-proof the network, ready for unforeseen future loads

• Mitigate RES curtailments

• Improve clearance and eliminate thermal sag

• Application-related issues, e.g. road/rail/ water crossings
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Use Case – Increase Transmission Capacity

TenneT Groningen 
• Double transmission capacity in existing corridors
• Very low towers – high wind area
• Use of alloys for ice-loadings and blow-out prevention

Voltage Capacity Increase Sag Reduction

110kV 750A ➚ 1,323A -22%
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Network Future-proofing
For a fraction of the cost of a new built, and in only a few months, CGES (Montenegro) 

unlocked close to 30 MW transfer capacity, essential for regional development and N-1 

contingencies

Voltage N-1 Capacity Increase

110kV +80%
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Reduce Curtailment of RES Resources

Cubico Solem (Private Venture)

• Serial clearance infringements on existing towers

• CBA options favoured Advanced Conductors

• Compliance with Utility-mandated capacity increase

Voltage Capacity Increase Sag Reduction

230kV 1,120 ➚ 1,621 A -20%
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Improve Clearance/Thermal Sag

Advanced Conductor

(Sag 6.38m)
Legacy Conductor

(Sag 11.59m)

Same Phase Comparison

Voltage Capacity Increase Sag Reduction

132kV 520 ➚ 1,027A -45%

Source: SSE

SSE FWW-FFE
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Specific Challenges – e.g. Long-Spans/Crossings

Example: Lake Skadar-Montenegro (Cedis)

Voltage Capacity Increase Sag Reduction

35kV 2X N/A: Long-span-1.7km
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Advanced Overhead Conductors
Safe Installation
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Industry Measures…

• Pre-Installation Reviews
• Tensioner pads, particularly angle and elevation
• Contractor briefings and trainings
• Active site supervision

• Regular and extraordinary reporting
• Post-installation walk-through summaries

Routine Measures

Training
Videos

Sources: CTC Global
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Recent Developments For Safer Installation
-Advanced Overhead Conductors

• Some Utilities have concerns about breakages during Advanced Conductor installation
• Advanced Composite Core are  extensively tested in extreme bending modes
• PMC core can sustain very significant mishandling…

Setting The Scene

Post-fault investigations:
 …Always reveal that core has been over-bent during installation…
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Industry Response: Core Integrity Monitoring
• Over 8,000km conductors with inspection systems installed across Europe since 2020. 
• No recorded installation incidents involving compromised composite core on any of these 

projects.
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CTS Advanced Cables
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Enertechnos

oUK-based electrotech company

o Invented and patented Capacitive Transfer System

o Ten years of development work

o Extensive test results available

oNow seeking strong commercial partners
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Capacitive Transfer System

oAC cable for low, medium and high voltage (1-150kV)

o Supply more power

o Send power further (up to 100km) compared to c. 50km for conventional cable

o Lower AC Parasitic losses

o Improved voltage regulation

o Lower transmission voltages

oReduced Ferranti effect

oHarmonic filtration

oGenerate Carbon Offset & create Carbon Credits
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Technology Applications

Electrical power distribution

Export and array cables for 

wind farms (on- and 

offshore)

Data centre campuses

2025 – 2030 deadlines on 

APUs and GPUs

Every airport in the world 

is trying to decarbonise

"Waste" heat capture

CTS is a key enabling 
technology for mass rollout 
of wireless EV charging

High Frequency Microgrid – 
only CTS can deliver

Enables realistic 
participation in V2X

Grid – 50/60Hz Aviation – 400Hz Wireless EV Charging – 85kHz
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Operating Principles
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CTS Cable Layout (Grid Sector)
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CTS Cable Layout (Aviation Sector)

CTS (Multi) Layered Cable Cross 

Section

3-phase 6.6kV 

Multi Layered CTS 

Cable Cross 

Section

1-phase 6.6kV Layered CTS Cable Prototype
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CTS Cable Layout (Wireless EV Charging Sector)
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Three Components

CTS Cable has been 
produced by three 
commercial factories in 
Europe and one in KSA.

CTS Joints produced and 
tested by leading joint 
manufacturer

CTS Protection & 
Control System

Deployed with switch-
gear at each end of 
CTS

Regulates 
performance of 
system 

Protects the cable – 
does not replace the 
existing circuit 
protection systems
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Our Solution: Capacitive Transfer System 
(patented)

Innovative AC 
electricity cable for 
T&D grid and 
on/offshore 
renewables 
integration

Has up to 
10% lower losses 
than conventional 
cable of the same 
size1

Over 
20% higher power 
delivery capacity than 
conventional cable 
for the same voltage 
drop1

Over 
20% reduction of 
system reactive 
power requirements1

Can be 
manufactured on 
existing cable-
making equipment 
at competitive price



37

CTS Operating Advantages

Lower voltages and 
simpler systems 
reduce operating 
and maintenance 
costs and improve 
system safety

Self-compensating 
mode externally 
controlled makes CTS 
a tool to aid network 
management

Provides significantly 
improved power 
factor to support 
inductive loads and 
reduce reactive 
compensation 
requirements

Electrical power 
supplied with less 
voltage drop and 
lower system power 
losses

Less equipment and 
lower running costs 
significantly reduce 
the CO2 equivalent 
emissions

Reduces Cost Aids Network 
Management

Reactive Support Convenient & Cost 
Reduction

Lower Power Losses
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Holistic Solutions at Enertechnos

o CTS can be offered as a project-driven solution

o Overlap of tech implementation strategy the industry strongly needs

o The technology is assessed across the design, production, operational and maintenance stage

o Designs conducted in FEA software packages including COMSOL Multiphysics and Ansys Maxwell to 
determine construction and operational requirements (Including CapEx)

o FEA solutions feed to power system analysis software including PowerFactory DIgSILENT to evaluate OpEx 
opportunities

o Maintenance strategies planned throughout the operational life-cycle & technical support readily available

o Solutions designed, manufactured and tested in accordance to governing standards and regulations.
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CTS Advanced Cables
Standards/High-level Summary
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Relevant CTS Cable Standards

• Compatible with regular cable standards, i.e. IEC 60502, IEC 60840, BS IEC 63026, IEC 
60228, IEC 62067

• In certain cases standards for series capacitors for power systems apply (IEC 60143-1) f

• Part 1 (General): Formulates rules for performance, testing, and rating of capacitor units 
and banks in transmission and distribution lines.

• Part 2 (Protective Equipment): Focuses on external apparatus for capacitor banks, such as 
spark gaps and varistors, for installations larger than 10 Mvar.

• Part 3 (Internal Fuses): Defines requirements for fuses designed to isolate faulty elements 
within a unit.

• Part 4 (Thyristor Controlled Series Capacitors): Specifies testing for TCSC installations.
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Grid Applications – 50/60Hz
CTS has the potential to significantly reduce power losses and costs for DNOs/DSOs 

Demand Driver

Current 
Limitations

The Solution

Steps Taken to 
Date

    Increased power capacity delivery and higher energy efficiency
    Reduced losses
    Rising Energy Demand
    Decarbonisation Targets
    Mitigation of reactive power requirement
    Simplification of infrastructure for long line length (up to 120km) onshore / offshore application
    Projected shortfall in copper production mid-decade 2020s

 Cable capacity to deliver increasing demand for power

 Greater demand for undergrounding

 Enertechnos allows cable manufacturers to make more efficient cable for transmission and distribution (T&D) grids at similar cost on same 
machines as conventional cable

 Cable has been produced by four different european cable manufacturers and others in Asia and Middle East on standard cable-making 
equipment

 LOI from leading UK DNO

 CTS installed and tested, complete with joints, terminations and cable protection systems, on private land in the South West of England since 
December 2022 to serve as a scale model of the DNO grid application, a model of the CNS installation, model of airport FEGP

Next Steps
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EV Wireless Charging Application (85kHz)
EV Wireless Charging Application (85kHz)

 Nascent industry, developing rapidly. No competitive product able to match Electric Green's scalability and V2G potential

 Wireless charging market for Europe and North America alone to be worth $2bn by 2028

 Purchase by Tesla of Wiferion (German wireless company) supports the wireless power transfer eco-system

Market Outlook/ 
Demand

 Distance between converter and charging pad limited to approximately 6 metres 

 CTS can virtually eliminate the distance constraint successfully (tested at >100m)

 The charger does not need to be located by the chargepads, making installation easier as no street furniture at point of 
charge required

 CTS will increase efficiency and reduce cost thereby opening up opportunities in the EV wireless charging market

Current 
Limitations & 
Solution with 
Conventional 

Cable

 First length of cable has been manufactured at an industrial scale and has passed factory acceptance tests in Germany

 85kHz system with multiple charge pads in live testing at Electric Green lab

 Complete development programme created and initial markets scoped

 First demonstration site will be installed in the UK in 2026 with commercial testing starting at the same time as part of UK 
government-sponsored Innovate UK program with Royal Mail for V2G implementation study

Steps Taken to 
Date

 Expand relationships with best partners / OEMs for converter and chargepad provision

 Introduce select applications such as airside fleets at airports, last-mile delivery fleets with organisations such as Royal Mail

 As an example, Heathrow has 8,000 vehicles in its airside fleet with a commitment to ultra-low emissions by 2025 and 
zero emissions by 2030; wired EV charging is simply not an option going forward

Next Steps

Converter

CTS-enabled Cable allows for Centralised Architecture

Multiple Converters Required 

using Traditional Cable

Source: Company Information
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Electric Green & Royal Mail – 
Partnership for Deploying Wireless EV Charging 
Electric Green and Royal Mail have formed a commercial partnership for the deployment of wireless EV charging infrastructure at 
depots

EV Fleet Operators are facing the same Problems
Royal Mail cannot electrify ~50% of its depots due to space constraints, vehicle access & safety 
concerns – A Problem only Electric Green can solve

The Fleet Opportunity – Significant and Global
Royal Mail is the largest last mile delivery fleet in the UK operating ~38,000 vehicles across ~1,200 
depots – This is only the starting point for Electric Green

CTS – Technology in Action
Electric Green has won a government grant to demonstrate its bidirectional system with no charging 
furniture at point of charge, delivery of a 110kW system to 10 x 11kW pads and converting 10 Peugeot 
e-Partner vehicles to wireless EV charging (implementation by October 2026) – Validation of 
Commercial Proposition

The Partnership – Indicative of Large-Scale Fleet Collaboration
Electric Green is partnering with Q-Energy to demonstrate V2X revenue for Royal Mail, estimated to be 
worth ~£14m/annum, providing a significantly reduced TCO wireless charging model
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CTS Advanced Cables – High Level Key 
Takeaways

In-ground testing in UK complete – results to be presented at CIRED Brussels

Broad range of applications – grids, data centres, airport FEGP, bi-directional 
wireless power transfer for V2G

International patents over 12 different patent families

Licensing model means DNOs/DSOs can continue to use their preferred 
suppliers

Delivers more power through less conductor over greater distance than 
legacy cable1

2

3

4

5
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Advanced Conductors:
• Overhead Lines
• CTS (Capacitive Transfer System) Cables

Best Practice Cost Benefit Analysis
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Recommended CBA approach and differences
• Mitigating Network Constraints

• CTS lower losses => more power delivered to load (<20% improvement) => lower OPEX

• CTS less conductor => lower CAPEX

• CTS greater distance at lower voltage => lower CAPEX and lower OPEX

• TOTEX Cost Benefit Analysis should be used

• Alternatives have much higher OPEX which effects CBA

• Faster deployment means CBA needs to consider:

• No/minimal additional permitting to effectively double line capacity

• Same handling as conventional conductors

• (Advanced Overhead Conductors); less tower work, frequently lower O/A projects costs

• TCO Approach: 

• Advanced Conductors quickly repay  additional Capex - reconductoring

• 2 X Capacity built-in = Network future-proofing
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Conventional
Solution Start 

Project 1

-11 Years                               -3             0   +1             +4                      +8                 +12  

1200

1000

800

600

400

200

0

M
va

Advanced Conductors System requirementsConventional solution

Advanced Conductor
 Start Project 1

Both Project 1 
Energization

Project 2 
Energization

Years

Advanced Conductors– Deployment Timetable

Both Solutions, 
Next Project Start

Project 3 
Energization

Project 4 
Energization

Project 2 
Energization
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Advanced Conductors - 
Benefits Summary 
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Key Benefits  & Takeaways

Future-proofing

Lower TCO

Fast Network Development

Lower Losses – More MVAs

Consider Overall Project Costs1

2

3

4

5
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Any Questions? 
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END
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