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China, based on those countries’ 
average per capita electricity 
consumption.

UHVDC will provide significant 
financial savings - of around 30 
per cent - compared with 500kV 
DC and conventional 800kV AC 
transmission technologies. These 
result from the reduction in power 
line losses, the lower cost of the 
single-line installation itself and con-
sequent savings in converter station 
and associated AC switchgear. An-
other important factor is UHVDC’s 
significantly lower right-of-way re-
quirements - which can be less than 
half those of alternative transmission 
methods. With UHVDC, the width 

of the power line track, or transmis-
sion corridor, is minimal. To deliver 
the same capacity, alternative trans-
mission methods would require two 
or more lines, with a much wider 
transmission corridor.

Magnetic
In contrast to normal AC transmis-

sion lines, HVDC lines have an al-
most negligible oscillating magnetic 
field. This means that HVDC lines, 
unlike their AC counterparts, can 
easily satisfy the stricter magnetic 
field requirements (<0.4_T) that 
are increasingly being enforced in 
developed markets.

The last time there was a signifi-

cant increase in HVDC transmission 
voltage was nearly a quarter of a 
century ago, when a transmission 
line rated at 600kV was built for 
Brazil’s Itaipu hydroelectric power 
plant. The reason it has taken so 
much longer to move to 800kV 
is that this developmental step 
required a number of technical 
advances.

First, new materials were needed 
for insulators in outdoor environ-
ments. Using a higher voltage also 
means that there must be a wider 
gap between voltage and ground 
to isolate live parts. The past 15 
years have seen a move away 
from century-old porcelain to new 

EE_21_ABB.indd   55 4/3/09   19:07:16



56

Transmission

polymer-based insulators, primarily 
silicone rubber, which provide very 
favourable properties for outdoor 
insulation. 

Advanced
Next, the industry needed much 
more advanced computer-aided 
design tools to perform three-dimen-
sional field calculations, mainly for 
transformer design. Finally, ad-
vanced control systems for controlling 
the entire installation were required. 
This called for extremely high calcu-
lation capacity that has pushed IT 
processing power to the limit.

With the basic research elements 
in place, the past two years have 
seen an extensive product develop-
ment project with the aim of making 
800kV HVDC a reality. A great deal 
of relevant work has been done at 
ABB’s R&D facilities in Sweden. 

With up to 9,000MW being car-
ried on one pair of overhead lines 
- and meeting the electricity needs of 
millions of people - extreme reliability 
is paramount. This has required the 
development of a completely new 
converter station design, with a 
mean time between failures of 25 
years. Increased availability has 
been achieved through extensive 
sectioning of both the main circuit 
and the auxiliary systems. In addi-
tion, all control and protection sys-
tems are duplicated, as are auxiliary 
systems such as emergency battery 
and auxiliary power systems.

Distribution
The development programme for 
converter station equipment may be 
divided into two main areas: firstly 
equipment with DC voltage grad-
ing and linear distribution; secondly 

equipment with oil/paper insulation 
and non-linear voltage distribution. 
For equipment in the first category, 
which includes thyristor valves, the 
design may be scaled since the volt-
age distribution is linear. Equipment 
in the second category includes 
the wall bushings and the converter 
transformers.

New types of all the high-voltage 
devices subject to DC have been 
developed and fitted with newly-de-
veloped polymer insulating materials. 
Examples of such devices are volt-
age dividers, bypass switches, radio 
interference capacitors, disconnec-
tors and post insulators.

Design criteria for air clearance 
have also been established, follow-
ing extensive testing at extremely 
high, previously unused, voltages. 
The testing involved electrical dis-
charges at over two million volts, 
which created flashes more than 
10m long. All critical devices have 
been put through extensive testing in 
a special endurance testing station 
built by ABB at STRI, an independent 
technology consulting company and 
accredited high-voltage laboratory in 
Ludvika, Sweden. 

But while operating conditions 
can be well defined for UHVDC 
converter stations, conditions for the 
transmission lines may vary greatly 
along their length. A typical 2,000-
3,000km route will pass through all 
kinds of terrain and environmental 
extremes. 

Milestone
A key milestone in the development 
of UHVDC was reached at the end 
of 2008 when ABB successfully test-
ed an 800kV transformer. The unit 
is destined for the UHVDC transmis-
sion corridor that will run between 
the 18,600MW Xilodu-Xiangjiaba 
hydropower plant, 1,000km 
upstream from the Three Gorges 
Dam in western China, to Shanghai, 
some 2,000km to the east. When 
installed, this will be the world’s high-
est-voltage power link and will have 
a capacity of 6,400MW - capable 
of supplying over 30 million people. 

The UHVDC transformer is the first 
of several that will be deployed by 
the State Grid Corporation of China 
(SGCC). It is a critical element of the 
systems needed to convert DC to AC, 
and back, and to alter the voltage at 
each end of the UHVDC link. Among 
other challenges, raising the voltage 
to as much as 800kV increases the 
technical requirements on a transform-
er’s insulation and on the design of 
critical parts such as the bushings.

The decision by the Chinese Gov-
ernment to use UHVDC transmission 
to connect the hydro-rich region of 
southwest China to the country’s main 
load centres - some 1,500-2,000km 
to the east - underscores the feasibility 
of the technology. It looks as though 
the future of UHVDC will be assured 
as the need grows to develop renew-
able power sources. 
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FAR RIGHT: The UHVDC 
test installation.

RIGHT: A comparison 
of transmission corridor 
widths for 800kV AC, 

500kV DC and 800KV 
DC transmission (all 

dimensions are approxi-
mate).
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