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West to East Power Transmission Corridors of China
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n CSG operates in five provinces: Guangdong, 
Guangxi, Yunnan, Guizhou and Hainan, and 
closely connected with Hong Kong, Macao 
and other neighboring countries including 
Vietnam, Laos and Myanmar. 

n In 2017, CSG sold over 890.2TWh of 
electricity, of which 202.8TWh were 
transmitted from “West to East”.

China Southern Power Grid 

n CSG operates the most complex AC/DC 
parallel transmission power grid in the 
world, undertaking the task of transporting 
clean energy from southwest to southern 
China. At present, CSG has instituted 18 
500kV-and-above transmission lines (8 AC 
lines and 10 DC lines), with a maximum 
transmission capacity of over 50GW.
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n 4000 km of coastline and 420 thousand 
km2 of vast sea area.

n The annual occurrence time of wind 
speed over 3 M / s is about 7200-8200 
hours (82~93%).

n The province has planned 23 offshore 
wind farms with a total installed 
capacity of 66.85GW by 2030 (by 
2016, UK 5.2 GW, Germany 4.1GW).

n The total investment about 540 
billion yuan RMB�80 billion US$).

Planned offshore wind power in South China Sea 
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Submarine Cables and Its Impact on Marine Environment

n The selection of submarine cable directly affects the investment of 
the whole wind farm. 

n The introduction of large-scale submarine cable will also have 
impacts on marine ecology and ship communication.

Electricity collecting system

Ø Topological structure: Radial? Single ring?Double sided ring? Star?
Ø Voltages:35kV, 66kV 

Ø Different output modes: DC or AC ? 
Ø Voltage levels: 110kV? 220kV?  higher?
Ø Cable structures: three cores? Single core

Transmission system
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Lightning damage, protection reliability and economy
n Lightning disasters above South China Sea

n The characteristics of the sea thunder are different from those of the land

n The ocean is open, wind turbin is high, the probability of lightning is large, and 
most of them are ascending lightning.

n Because of the difficulty in operation and maintenance of offshore wind 
turbines, the economic losses caused by lightning could be huge
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Design specifications of offshore platform compactness
n Marine booster station technology is one of 

the key technologies for offshore wind power 
development

n The relevant standards are lacking, and the 
pertinence is not strong

n Poor marine environment and electrical 
characteristics of wind power system.

n The cost of investment is huge and the 
economy needs to be improved.
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Cable Insulation Evaluation under 
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p HVAC cables�large capacity, big length�
p HVDC cables�space charge�temperature 

stability�
p Nuclear power cables�high reliability, 

retarding, radiation resistance�
p Submarine cables (large water area�deep 

sea �
p PV Station & Connection cables�extreme 

weather�
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p More HV power cables will be in operation (several 500kV XLPE land cable 
systems in service in Beijing, Shanghai in China)  �

p Bigger share of power transmission will be through cable network�

p Extruded cable will be dominating  (e.g. CSG has 2285 cable lines of 110kV 
and above, length 5042km, annual increase 15%, 20km/500kV XLPE cable 
system is under construction) �

p Large cable network will be constructed which will be a heavy asset of electric 
power utility.

Trends of network structure 
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p Large ampacity, higher operation temperature and high reliability;
p Improved mechanical performance, in particular for deep sea cables and 

testing techniques;
p Environmentally friendly and recyclable cable insulations;
p New cable design and installation method to reduce environment impact;
p Advanced modeling and calculation method to improve cable system 

performance, e.g. thermal bottleneck identification and dynamic rating 
calculation;  

p New standards and testing techniques, e.g. standards for HVDC cables, 
testing and evaluation of HVDC cable systems.

Trends of technical requirements 
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n Nan’ao ±160kV, 200MW  3-terminal VSC 
project, cable length 35km, Commissioned in 
Dec. 2013

n Zhoushan ±200kV/400MW 5-terminal VSC 
project, cable length294km, commissioned in 
Jun 2014 

n Xiamen ±320kV/1000MW VSC project, cable 
length 21km, commissioned in Dec. 2015 

n Planned Zhangbei ±500kV/3000MW 4-terminal 
VSC projects, 500km OHL, 4x500m trial cables, 
project for 2022 Beijing Winter Olympic.

VSC-HVDC Projects in China 
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p Does space charge evaluation on film or thin plate samples reflect space 
charge behavior in real cable?
Ø Much higher stressing field than designed values ;
Ø Weight between interfacial and bulk effects;
Ø Surface condition between insulation and metal/semi-con electrode, e.g

PEA.
p Apart from the correlations insulation’s conductivity and temperature, how to 

evaluate space charge activity under temperature gradient?
p Concerning long term performance, does space charge measurement has to 

be involved in PQ-tests, and how?
p What ‘s the precise life exponent of DC insulation(e.g n=10 or 16)? Can the 

value achieved under uniform temperature be used for cable life expectancy 
design?

p What’s the biggest danger of HVDC cable fault? Their mechanism, 
progression and failure.

Concerns over extruded HVDC cables for utilites
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temperature difference 

l Upper electrode (SC) controlled at 20oC, 40oC & 

60oC, i.e. DT=0oC, 20oC,40oC

l More hetero-charge accumulated next to anode 

electrode (lower temp.,) and the charge density is 

proportional to temperature difference across over 

the sample thickness;
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Space charge accumulation under temperature gradients
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p Samples’ thickness are 0,2mm, 0.35mm and 
0,5mm;

p To maintain the temperature gradient at 0oC, 
40oC & 80oC/mm, the upper electrode temp 
has to be 0oC 20oC, 28oC, 34oC 40oC, 48oC & 
60oC,;

p Comparing the space charge profiles of upper 
electrode at T=36oC, 48oC & 60oC, the highest 
charge density appears when DT=40oC

Space charge under different temperature difference but the same 
gradients (E=50kV/mm)
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p Samples’ thickness are 0,2mm, 0.35mm and 0,5mm;

p For the same the temperature difference, the highest 
temperature gradients achieved within the thinner 
sample 0.2mm are 100oC/mm & 200oC/mm;

p The highest hetero-charge accumulation appeared  next 
to anode with lower electrode.

Conclusions:
Ø Same temp. difference, different temp. gradient, 

thinner sample accumulated more hetero-charge;

Ø Same temp. gradient, different temp. difference, 

thicker sample accumulated more hetero-charge. 

Similar situation of full sized HVDC cables;
Ø Temperature dependent interfacial injection, 

residues ionization and charge migration with 

bulk.

Space charge under same temperature difference but the different 
gradients (E=50kV/mm)
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p DC Electric field distribution controlled by insulation 
conductivity, temperature and local field itself; 

p Space charge initiation, migration and accumulation 
relevant to temperature, temperature gradient and 
interfacial condition, which can be fully reflected in full-
sized cables;  

p Space charge measurement at film or thin plaque sample 
cannot represent temperature gradient, interfacial and 
bulk effects; 

p Operation conditions: controlled loading, temperature 
difference and gradients.

HVDC cable long-term evaluation & space charge measurement under 
operation conditions (i.e. temperature difference)
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E/O

18kV/150ns

Coolling water

Semi-con layer

Co-pol PVDF Sensor Analogou optical  link

PMMA absorber

20% RH
650C

p Duo to strong signal attenuation, PEA 
measurement has to remove outer sheaths of 
cable;

p Outer semi-conductive lay needs to be kept in dry 
condition�

p A small temperature and humidity controlled 
chamber houses PEA system;

p Impulse voltage injected from PEA measuring point 
to solve the difficulty of attenuation if it’s injected 
from the terminal.i

Max Temp. 60oC

Impulse generator Up to 30kV, 200ns

Charge density 
resolution 

20mC/cm3

Position resolution 600mm

Max measuring 
thickness 

20mm

Space charge measurement on full size cable with temperature 
difference
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DT=10oC DT=20oC DT=30oC

DT=40oC

Space charge and electric field profile of full size cable with 
temperature difference

Electric field 
near outer 
sheath (lower 
temp.) almost 
doubled. 
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Environmentally friendly gas 
insulated line and technology 

development

Mingli Fu

EPRI of China Southern Grid
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ü Dielectric strength
ü Arc extinguishing
ü Materials 

Compatibility
ü Decomposition 

product
ü Toxicity
ü Legal & 

Administrative 
permission

.

l Implementation plan
l Multi-equipment pilot 

applications
l Equipment maintenance 

method
l Standard development 

l Equipment design  

l Planning & site selection
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u Dielectric strength of  C3F7CN/CO2 mixture

Ø Breakdown voltage of C3F7CN/CO2 under AC voltage

• Dielectric strength can be effectively improved by increasing the mixing ratio.
• Dielectric strength grows with the concentration of C3F7CN and the pressure. As the mixing
ratio increases, the dielectric strength tends to saturate.

• The breakdown voltage of 2% C3F7CN mixture can reach 50% of pure SF6 and 75% with
8% mixing ratio.
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u C3F7CN decomposition characteristics
Ø C3F7CN/N2 mixture decomposes after breakdown

• The decomposition products of C3F7CN/N2 contain C2F5CN�CF3CN�C2F6�C3F8

�CF4�C3F6�C2F4

• The decomposition products increase under multiple breakdown and the
dielectric strength maintains.
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u C3F7CN decomposition characteristics

l Decomposition products of
pure C3F7CN include
C2F5CN�CF3CN�C2F6�C3F8
�CF4�C3F6�C2F4.

l Most of the products also
have high Ionization
energy. Combining with
C3F7CN � the dielectric
strength maintains.

l CF2O and some other
products would produced
when CO2 is mixed. The
reaction need relatively
high energy. It makes the
reaction is hard to process
and the electric strength of
the mixture maintains.

C4F7N

C4F7 N

C4F6N F

CN C3F7

C4F6N F

CF3C3F4N

+

+

+

+

+
C3F5N

C3F8

CF4

C2F6

C2F3N

C2F2N CF3++

+

+

+

×2

FNC
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u C3F7CN decomposition characteristics

Ø Discharge decomposition mechanism of C3F7CN/CO2

l C3F7CN/CO2 mixture decomposition are simulated under different temperature
and mixing ratio based on reactive molecular dynamics model.

l Main products include free radicals: CF3��C3F7��CN��CNF��CF2��CF��F� etc.
and CF4�C3F8�C3F7CN/CO2



Workshop AGP’21, Wednesday, August 29, 2018 - Paris – France
TGEG’18, Technologies for Global Energy Grid

u C3F7CN decomposition characteristics
Ø Discharge decomposition under moisture

Ionization energy, electron affinity energy and 
energy gap of decomposition products

C3F7

C2F5

CF3

CN

C3F7OH

C2F5OH HF +

CF3OH HF+COF2

+

+ HF

CF3COF

H2O

CHF3

C2HF5

C3HF7

HCN

HOCN

CF3COOH

OH

H

CO2 NH3

FNC O H

+

+

+

+

+

+

+

+

+

+

-91.32

-118.52

-99.27

-63.99

-114.84

-101.38

-110.21

-55.58

1.64
48.08

132.66

1.64
181.96

-27.36

-9.19
80.49

Reactions between free radicals and moisture

�� �	
(eV) ����
(eV) ����

�(eV) 

SF6 14.931 0.596 8.987 

C3F7CN 14.380 -0.673 8.861 

C2F5CN 12.369 -1.1642 9.435 

CF3CN 13.885 -1.2102 9.758 

C2F6 14.796 -1.208 11.571 

C3F8 14.208 -0.673 10.333 

C2F4 10.346 -3.443 7.797 

COF2 12.697 -2.631 9.270 

CF3OH 13.341 -2.672 12.245 

CHF3 14.089 -3.458 12.601 

CO 14.152 -2.656 9.567 

 

Gas IE�
eV�

EA�eV� EG�eV�
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u Compatibility with metals
Ø Compatibility of C3F7CN with Cu and Al

• Compatibility of C3F7CN with Al(111) is good � only
physical adsorption occurs.

• Chemical adsorption occurs between C3F7CN and Cu(111).
However, the adsorption energy is relatively low.
Dissociation can take place with minimal energy of 26.548
kcal/mol. C3F7CN is considered compatible with Cu.
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u Dielectric strength under different voltage
u Discharge and thermal decomposition with round robin test

u Compatibility with solid dielectrics and sealing material

u Toxicity and environmental safety of the mixture and its
decomposition products

u Inflation & leak detection method, gas handling method

Future Work
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1000kV/3000MW GIL crossing the Yangtze River Tunnel
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1000kV/3000MW GIL crossing the Yangtze River Tunnel
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