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NOTE: DC insulation solution do not relate to route
lenght

No theoretical limit
for DC
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Technology maturity: Extruded recent growth
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Transmitted power per bipole [MW]

Technologies for higher transmission power
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NOTE: Assumed data: ambient temperature 15° C; burial depth 1,5 m; spacing between
cables 20 m; soil thermal resistivity 0,8 m K /W

——XLPE 320kV
——Paper-MI 525 kV
——XLPE 525 kV
——PLASER 525 kv

@ 525 kV:

XLPE cables give
a—+12 to + 15%
average power
increase over Ml
cables

HPTE cables give
a +20 to +25%

average power
increase over Ml
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Water depth trends in submarine cables
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HVDC cable systems: challenges and trends

CHALLENGES AND TRENDS
Unitarn Uk - Higher Rating with lower CAPEX:

» Higher voltages

Neptone

» Higher operating
temperatures

Minimum losses (lower OPEX)
Reliability

» Fully tested solutions

CoMata

» Monitoring systems

» Repairs

Industry vs. Market Demand

Longer distances, deeper waters
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Overview on current cables technologies
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Land HVAC Cables

SINGLE CORE

CHARACTERISTICS

Insulation P-Laser XLPE Self Cont.alned Fluid

Filled

Maximum voltage 170 kV 525kV 1050 kV
Maium pawer 400 MVA 1200+1500 MVA 2000 MVA

per circuit

ik At ~ 60 km due to
: Not limited by cable Not limited by cable :

Maximum length technology technology hydratljilrlnciéystem

NOTE: rating depends on ambient and installation parameters
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CHARACTERISTICS

Insulation

Maximum Voltage

Maximum Power
Per Circuit

Maximum Length

Submarine HVAC Cables

DYNAMIC APPLICATIONS

ThreeCore

STATIC APPLICATIONS

Single Core

Alternate Current

EPR

72.5kV

90 MVA

Limited by voltage
drop and/or power

losses:
~ 150 km

EPR or XLPE

72.5kv

90 MVA

Limited by voltage
drop and/or power

losses:
~ 150 km

XLPE XLPE
245 kv 420 kv
400 MVA 1000:1200 MVA

Limited by voltage
drop and/or capacitive
current: ~ 100-150 km

Limited by capacitive
current: ~ 100-150 km
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HVDC Cables

XLPE
+600 kV
Max temp: 70 degC
VSC (LCC up to 250 kV)

Need degassing to reduce
chemical by-products
(cause of space charges)

HPTE
+600 kV
Max temp: 90 degC
Both LCC and VSC

No post-insulation
treatment, fully
recyclable insulation

MI paper

« +£525kV

- Max temp: 55 degC
« Both LCC and VSC
+ Need impregnation

MI-PPL

- £700 kV

« Max temp: 80 degC
« Both LCC and VSC

» Need impregnation
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Recent Developments
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Extruded Insulation technologies

Standard XLPE insulation process:

Polymer + Peroxide + Temp = Crosslinking + “by-products”
R
\ Methane (CH4)
+ 0—Q + (130~ 300°C) = - Acetophenone
\R' Cumyl Alcohol

HPTE Insulation Process:

Proprietary Polymer blend + Temp (200°C)

HPTE

Recyclable

Veacion | > St
No by-products -

Technology (ZGT)
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The HPTE Insulation

= Completely thermoplastic material (polypropylene based) - recyclability

= Innovative extrusion system

= No by-products - no space charge formation created by residues of peroxide
= Increased working temperature

= Similar or superior electrical and thermo-mechanical properties

= Lower CO2 emissions

= Shorter lead times

HPTE
ele)z(cli‘:ifz Al B duct (High Performance
2 c " YPROCHICES Thermoplastic
thermo-mechanical properties

_— Elastomer)
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The HPTE Insulation

MAIN FEATURES MAJOR DEVELOPMENT STEPS
OF HPTE INSULATION

= Qualified up to 600 kV DC = 2000-2005 Development of compound, process and
Pre-Qualification Tests

= Suitable for higher voltages (test in progress)
= 2006 First MV cable in service

= 2013 First HV cable in service
= Qutstanding technical performance = 2016 completion of 525 kV DC Type Test
(operation up to 90 ° C) = 2017 completion of 600 kV DC Type Test

= Higher power and lower cost (ca. 10%)

= No by-products (as no chemical reaction)

= Higher material integrity for DC (no space
charges)

= Shorter production time (ca. 30% as no
degassing)

= Longer extrusion length (t, ca.+100%)

= Fully recyclable "“,
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HPTE Vs XLPE

XLPE HPTE
Qualification voltage 600 kV 600 kV
Operating temperature 70 °C 90 °C
Polarity reversals No Yes
Post insulation process Degassing None
Chemical by-products (space charges) Yes No
Production time - -30%
Extrusion lengths - +100%
Cost - -10%
Insulation recyclability No Yes
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Thanks!

Association Grand Projects’21 — AGP’21
Workshop TGEG’18, Technologies for Global Energy Grid
Wednesday, August 29, 2018 - Paris — France



