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Cost

f"g.%a{ Energy transition®

* Transition from fossil to renewable sources of energy

* Power transmission system needs to follow such transition

* HVAC dominating electric power transmission: low installation cost, low
transmission loss (good for short distances)

* Solar, wind, hydropower mostly far away from urban area (contrary to fossil fuel
power plants)
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Distance
* HVDC allows efficient energy transport over 100s-1000s km — : = Cut-off point
\ At cut-off point ~50-100 km, cost of HVDC transmission is lower S (~50 - 100 km) )
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Material:
Metallic conductor: Cu or Al
Advantages XLPE . Inner semi- : XLPE +CB
+ Good electrical insulating performance: low oy © conductor layer I —— XLPE:
. . — > Insulation layer : XLPE . .
(elec.) and high x (thermal) conductivities electrical G (@70°C) ~ 107 S m
. . R d t t

* Dimensional stability above T, of PE (~110 °C) Outer somi. A CONGEEHMILY

. conductor layer
Dlsadvantages XLPE Neutral layer : Cuwires & ; _
* Byproducts from peroxide crosslinking: health fopes o Eggnhdzhcetmil K~ 0,35W m- K-

hazard, premature aging of dielectrics .

. . . . Jacket : Pigmented
* Degassing step: time and energy intensive LLDPE,
. . HDPE or PVC 5 . -
* Permanent crosslinks: not reprocessable Dimensional stability |l
. (thermal) E'(@150°C) ~ 3 - 4 MPa
Need of a polyolefin recyclable alternative as
insulation material with thermomechanical and s
dielectric properties similar to XLPE )L )

(%%| Topology® | N o - Our concept: In-reactor PE based ionomer @ —

Zwitterionic monomers lonpaircomonomerf | |onjc pair comonomer (IPC) was synthetized by an acid-base reaction, while the
“PE-IPC” ionomer was synthetized through a free radical copolymerization

] ]
%‘m Tﬁ reaction between ethylene and IPC in a high-pressure autoclave.
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* Typically based on polystryrenics & polyacrylates YJ\O/\”NW 0 Seroxide,200 bar Mo-*NH o
. 3 ) e-

« Comonomers often on small scale / expensive high temperaturs, (GT8) Me o OH
« Only explored via solution copol. (ATRP, RAFT) M
Poly-zwitterions mostly an academic curiosityG2 Xy zl &

PE-IPC(aorb)
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| DuPont while working on new ways XLPE2 0 108 42 37 BHT
o7 oH to chemically crosslink PE Surlyn™  ~15 90 0 0
. PE-IPC-a ~3 14 42 2,6
lonomer = Polymer based on macromolecules in PEAPCb ~3 mooa 3 8%
which a significant proportion of the constitutional Detmcen 50 350C. acan rate 10 oG- . DM TA I terie ol on 0. s thick P I

melt pressed films, heating rate of 3 °C min~" with a preload force of 0.01N, a
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units has ionic or ionizable groups, or both©® \__ maximum strain of 0.05% and a requency of 1 Hz 5 (ppm) 1H-NMR in TCE-d, at 125 °C
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® 1074 '\, Surlyn™ 0 029+0.002  3.4+1.0 < . o
' oz PE-IPC-a 2,6 0.37+0.001  31+0.9 e s
102 . _ A . g § PEIPCH 11 035£0.006 5316 1015 10 . . * . .
0 50 100 150 200 39 i, orat 70°C caliulated basedt on dharaimg currents obtamed at e end of e 0 10 20 30 40
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lonic (non-permanent) crosslinks contributes to PE-IPC ionomers display: 1
high stiffness below the melt. Rubbery plateau (T > * Low electrical conductivity DC = XLPE i
Tm) mostly from chain entanglements * High thermal conductivity k = XLPE £ o) )
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