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Stations

Investment cost comparisons
Relative AC
Cost
Underground
VSC
Overhead
AC
Distance and power
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Itaipu 765 kV AC System

765 kV AC Transmission Line

Line 1. 891 km 1982, 86,
Line 2. 891 km 1989
Line 3. 915 km 1999, 00, 01

Average weight 7500 kg

16 m Phase spacing

Conductor 4xBluejay 1113 MCM
30 Insulators

Two series compensation stations
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Itaipu HVYDC System

+ 600 kV dc Transmission Line

Bipolel 792km 1984
Bipole2 820km 1987

Average weight 5000 kg
Conductor 4xBittern 1272 MCM
32 Insulators 510 mm creep
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Comparing towers

Assuptions for a comparison :
- 6000 MW transmission
- Total distance: 800 km

- Span length: 500 m

+ 600 kv DC 765 kV AC
Transmission Line ; Transmission
Line
‘ Two Bipoles ‘ Three Lines
Number of towers: ‘ 1600 pcs ‘ 1600 pcs
Average weight: 5000 kg 7500 kg
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Total weight of steel:

21600 x 5000 = 1601 |08y 16(;)‘(2 75003880 s
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Comparing losses and right of way
2000 km 6500 MW

~ AC 800 kV
1nLosses 14%

1 Right-of-way:
250-300 meter

=5 DC 800 kV
| inLosses 7%

n Right-of-way:
100-125 meter

For moderate EMF requirements

A DD
Rpm»

Caprivi Link
Bipolar scheme HVDC line project

n 300 MW monopole

11 970 km = 350 kV DC OHL
1 2*25 km electrode line

1 In operation 2010
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Transmission capacity AC and DC cables
Comparisons studies

Source: Econnect WAL e VDN S0 GO
OEast Coast
Transmission
StudyEO Jan
2008
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AC cables B Transmission capacity

11 Depends on capacitive loading current

: . : Cable
11 With compensation the maximum .
length can be >>100 km and even pefSDECtIVG
>200 km especially for lower voltages
1 BUT!

1 Consider also

11 Maximum allowed voltage drop along
the cable. Typically max 10%

11 Voltage step change when Network
disconnecting. Typically max 3%, perspective

11 Harmonic reflections

11 System instabilities

11 Too positive conclusion when only
considering capacitive loading current

11 Take into account the network

AC cables B Transmission capacity

AC submarine XLPE cables

1400

1200

1000 \

@
<]
o

\ = Max power (MW), 50 Hz
® Actual single circuits

)
=}
S)

Power [MW]]

1 n
T
=

0 50 100 150 200

Distance [km]

www.renewables-grid.eu



RGI Technical Workshop on 8 September 2010 in Arnhem, NL

Renewables ( 4
Grid Initiative

Comparing MVA/kg
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AC cables b References long distances
GjSa and Goliat
n Gjca
11 100 km
11 98.5 km static cable

11 1.5 km dynamic cable
1 115 kV, 3x240 mm?2
140 MW
11 No compensation

1 Goliat
11 106 km
11 104.5 km static cable

11 1.5 km dynamic cable
11123 kV, 3x240 mm?
175 MW
11 Compensation on landside
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HVDC Cables b References long distances
Murraylink 220 MW Australia

S

Turnkey 220 MW +150 kV HVDC Light
transmission system with the worldOs
longest (180km) underground cable.

A DD
Rpm»

HVDC Cables b References long distances
BorWinl, 400 MW Germany

11400 MW, +150 kV
11125 km sea cable
‘ 1175 km land cable
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HVDC Cables b References long distances
BorWinl, 400 MW Germany

Team Oman b installation vessel nnn
ADD

HVDC Cables b References long distances
BorWinl, 400 MW Germany

Excavation trench A DD
ADD
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HVDC Cables b References long distances
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HVDC Cables b References long distances
BorWinl, 400 MW Germany
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Europe 20XX Scenario
Renewable Pan-European grid

M Hydro power
® Solar power

A \\ind power
—DC Wind
icai in
transmission 300 GW
25 000 km?2
5000 x 10 km
Solar
71700 GW
8000 km sq
90 x 90 km
ABB

Voltage and power B HVDC Light Converter and Cable

Single pole power (MW)

3000
2000 Needed for DC Grid Pole voltage (kV)
1000 \

Large scale bulk transmission

Time
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Corridor

Transmission corridor 40 m ~40 cables

~25 GW to ~100 GW in 10 year

Conclusions

11 Past
11 Relativly easy to select between lines and cables

11 Cables mainly used in the grid for shorter distances

11 Today
11 More complex as its more options and more parameters to consider

n Trend B number of cable projects are increasing

11 Future

11 Cables will be even more used as development is going towards
higher power levels
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Power and productivity ‘l
M

BRI,
for a better world™ . I.
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