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1. INTRODUCTION 
 
During the recent years the market for HVDC and FACTS equipment has been very strong.  
In some parts of the world this has been because of the increasing energy consumption and 
in other parts of the world because of major changes to the electricity supply industry, driven 
to a large extent by environmental concerns. 
 
The HVDC and FACTS industry has responded well to these changes, undertaking 
developments to meet the market requirements, e.g. the development of 800kVdc technology, 
new applications for existing technology, increased dc voltage and power rating of Voltage 
Sourced Converter (VSC) HVDC, and development of new VSC HVDC solutions with 
reduced power loss. 
 
Nevertheless, it is likely that the full potential of HVDC and FACTS solutions is not being 
achieved, partly because there is insufficient understanding of the technologies in some parts 
of the electrical supply industry, and partly because there is more work to be done to ensure 
that the proposed solutions meet all of the requirements of the electrical supply industry. 
 
The intention of this paper is to first give a brief overview of the HVDC and FACTS solutions 
available at the time of writing.  The opportunities for applications of HVDC and FACTS 
solutions will then be briefly outlined.  Finally, the paper will describe some of the barriers to 
be overcome to enable HVDC and FACTS to fulfil their potential, before completing with a 
description of the work that CIGRE SC B4 could do to help overcome these barriers.  
 
2. PRESENT STATUS OF HVDC TECHNOLOGY 
 
The first commercial LCC (Line Commutated Converter) HVDC was commissioned in 1954 
and the technology is fully mature, with many years of service experiences from about 100 
installations world wide, including HVDC overhead line and submarine cable schemes, and 
back to back schemes [1.].  The total installed transfer capacity of LCC HVDC schemes in 
service at the time of writing is about 100 GW and growing fast.   At the time of writing LCC 
HVDC schemes with ratings from 40 MW up to 6400 MW, and with voltages up to ±600 kVdc 
are in service.   
 
UHVDC transmissions schemes using overhead lines with ±800 kVdc and up to 9000 MW 
transmission capacity (single bipole) are being developed for bulk power transmission.  Even 
higher power transfers can be achieved by using more HVDC schemes in parallel. 
 
Stable LCC rectifier and inverter operation typically requires the short circuit capacity of the ac 
grid at the converter station to be at least 2.5 times the rated transmission power [2.][3.]. 
Commutation failure may occur in a LCC HVDC link due to ac grid voltage disturbances 
caused by faults in the ac grid, resulting in the converter being unable to transfer (commutate) 
from one valve to the next because of inadequate voltage integral during the commutation 
process. A commutation failure results in a brief (typically less than 60ms) interruption in 
power flow [4.], but in the event of a close single phase fault to ground repetitive commutation 
failures may occur until the fault has been cleared. 
 
The ac/dc conversion in the LCC HVDC converter station results in a power loss which is 
typically about 0.9 % (per end) of the transmitted power.   
 
The first commercial VSC (Voltage Sourced Converter) HVDC scheme [5.] was the 65 MVA 
Gotland scheme, which was commissioned in 1999.  At the time of writing, there were 7 
schemes in service with a total rating of  894 MW with a further 5 schemes with a total rating 
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of 1678 MW under construction or committed.  At the time of writing the largest scheme in 
service was the ±150 kVdc, 350 MW Estlink scheme, but schemes with ±200 kVdc and up to 
500 MW have been committed or are under construction. 
 
The VSC is a self commutated converter using IGBTs (Insulated-Gate Bipolar Transistors) 
which can be switched on and off in response to a gate signal, independently of the current 
going through the valves at the time.  Because the VSC converters are self commutated, 
commutation failures will not occur because of ac grid disturbances.   
 
The first VSC schemes at up to ±150 kVdc had the valves mounted in individual enclosures, 
which facilitated rapid installation.  At higher dc voltage the approach with valves in 
enclosures is not feasible, and the IGBT valves need to be designed as freestanding or 
hanging valves, similar to the most widely implemented LCC HVDC thyristor valves.   
 
A new type of VSC has now been developed, which uses a large number of dc capacitors, 
each of which can be switched such that the ac voltage is built up from small steps.   
 
Whilst the two different converter topologies require different equipment, and have different 
harmonic and power loss characteristics, the basic operational characteristics are the same. 
The dc polarity is always the same and the cable is not exposed to additional stress caused 
by polarity reversal.  This makes it easier to use polymeric (XLPE) cables, which are lighter 
and less expensive than mass-impregnated cables.   
 
The VSC converter losses are higher than for LCC HVDC primarily because the IGBT has a 
higher conduction loss than a thyristor, and a considerable power loss is incurred during turn-
off of the valve.  The development of VSC HVDC technology has a high focus on the 
reduction of the power loss.  The VSC conversion loss at full load is approximately 1.9% (per 
end) of the VSC converter rating for the 2-level converters, and approximately 1.3% (per end) 
for the new multi-level converter.  
 
With the emergence of additional competitors in the VSC HVDC market and further 
development of the technology, the authors believe that VSC HVDC will take an increasing 
share of the HVDC market, initially at low power (say up to 600 MW) but eventually also at 
higher power. 
 
3. FACTS EQUIPMENT 
 
The primary control of ac voltage and power flow in an ac network is performed using 
generator excitation systems, tap changer operation, fixed or breaker switched reactors/ 
shunt capacitors, and series capacitors.  In most cases this control is perfectly adequate for 
slow changes in loads and system conditions, because most networks have plenty of margin 
and spare capacity.  However, in some cases changes to generation locations and types can 
result in large changes to the load flow in an ac network, which reduces the power and 
voltage margins previously available, and it may be necessary to enhance the dynamic 
control of the system to retain system stability and security.  It should be noted that reactive 
power does not travel well through a network, which means that local solutions to ac voltage 
control may have to be provided, particularly if generation close to load centres is replaced by 
remotely located generation.  Dynamic control can be provided by the addition of power 
electronic equipment, called FACTS (Flexible AC Transmission Systems) [6.]. 
 
FACTS can be designed for shunt compensation or series compensation or a combination of 
the two.  The most widely implemented FACTS equipments are the, Static Var Compensators 
(SVC) [7.], Static Synchronous Compensator (STATCOM) [8.] and the Thyristor Controlled 
Series Capacitors (TCSC) [9.].   
 
Other major FACTS devices include Static Series Synchronous Compensators (SSSC) [10.], 
which is a series version of the STATCOM, and the Unified Power Flow Controller (UPFC) 
[11.], which combines a STATCOM and a SSSC into one device giving 360 degree control of 
the series voltage injection.  These devices and other variants of these two may become 
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popular in the future, but at present they have only been implemented as technology 
demonstrators. 
 
4. ISSUES THAT IMPACT THE MARKET FOR HVDC AND FACTS  
 
The Market for HVDC and FACTS are currently buoyant as evident from the many projects 
around the world.  Some of the drivers and issues that impact the development and 
sustainability of this niche market are discussed below.  These include local and global 
economy, growth in energy demand, environmental, need for interconnection, new sources of 
generation such as offshore wind integration and supergrids. 
 
4.1 ECONOMIC CONDITIONS 

Most HVDC and FACTS projects involve large financial commitments from the developers, 
owners and service providers. Due to the many organisations that are in the chain to 
providing the financial, technical and supply solutions, the economic climate cannot be 
overlooked in forecasting future demand.  
  
Whilst the credit crunch, which is affecting the world at the time of writing this paper, may 
have an impact on the electrical supply industry, leading to delays and perhaps cancellation 
of some large infrastructure projects, the authors are not aware of any such cancellations at 
this time. 
 
4.2 GROWTH IN ENERGY DEMAND 

 
Recent years have seen a dramatic growth in the electricity demand and supply in the new 
world, in particular in China, India, Latin America and Africa.  This is associated with the 
economic growth and prosperity in this part of the world, and the recognition that reliable 
electricity supply is a requirement for sustained economic growth.  China is a shining 
example, and is leading the path in many respects of the development of the electrical 
transmission infrastructure, being the first to implement the highest transmission voltages for 
both ac and HVDC transmission schemes.   
 
In China, and in many other places, the issue faced is that the source of energy, e.g. coal, 
hydro or wind power, is located far from the areas where the economic growth is based, and 
where the need for electrical power is greatest.  Therefore, long transmission lines are 
required to transport the electrical power to the load centres, and HVDC becomes a natural 
candidate for the transmission, and will be considered alongside of UHV ac solutions with 
series and shunt compensation.   
 
Figure 1 below shows the HVDC schemes which are currently under construction in China, 
and illustrate the need for moving large amounts of power within China.  The total rating of 
HVDC project already in service in China at the time of writing was 19.9 GW, 18.9 GW was 
under construction as illustrated here and a further 17.2 GW was being planned. 
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Figure 1  HVDC Projects in China under Construction  at the time of writing 
 
The same need for bulk power transfer can also be found in India, where there are plans to 
make a massive power connection from the North Eastern Region to the Eastern Region, 
through the so called chicken neck, using UHV ac and 4 to 8 ±800 kVdc links with a combined 
capacity of 24 to 48 GW capacity.  Large Bulk Power transmission schemes are also planned 
in Brazil (Madeira Project involving both ac and HVDC transmission, 6300 MW), Africa 
(WestCor, multi-terminal 4300 MW HVDC), and Chile (Aysén-SIC, 2750 MW, 2000 km 
HVDC). 
 
One issue that is common to all of these projects is that the governments are driving for these 
projects to be implemented, to the benefit of the nation.  In all cases the transmission will be 
by means of overhead lines. 
 
With a tremendous growth in power demand higher capacity transmission solutions have 
been found to be necessary.  For a long time the maximum voltage for HVDC schemes was 
±600 kVdc (Itaipu), but most HVDC schemes had been implemented with a maximum voltage 
of ±500 kVdc, because only one supplier had experience of the higher voltage of ±600 kVdc.  
The development of the ±800 kVdc technology has been done in a relatively short timescale, 
with lessons having been learned from the earlier developments at ±600 kVdc [12.].  At this 
juncture there are no standards for the design or testing of ±800 kVdc equipment. 
 
As illustrated above the implementation of HVDC schemes at ±800 kVdc schemes is taking 
place as this paper is being written.   Two ±800 kVdc projects in China, 5000 MW Yunnan-
Guangdong and 6400 MW Xianjiaba-Shanghai are currently under construction and are 
scheduled to be in service in the time period 2009-2010.  The equipment has already been 
type tested and Figure 2 shows 800 kVdc equipment in various test laboratories.  Note that 
the scale of the three pictures are not the same, but also note the people in the photos, which 
will give an idea of the size of the equipment. 
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Thyristor Valve Converter Transformer and DC disconnector 

Figure 2 800kVdc equipment 
 
4.3 ENVIRONMENTAL DRIVERS OF CHANGE IN NETWORKS 

 
In some parts of the world changes are to a large extent driven by environmental concerns, in 
particular the need to limit CO2 emissions.  The use of electrical energy for automotive use is 
recognised as being more environmentally friendly than petroleum products, and a huge 
amount of investment is being made into the development of long range electric vehicles.  It is 
forecast that the majority of cars on the roads will be electric based by 2030.  The conversion 
to electric vehicles will result in a large increase in electrical consumption, which in turn will 
result in challenges and opportunities for the electrical supply industry and the grid in 
particular.  To minimise the environmental impact of the larger electrical energy supply, the 
demand for renewable energy generation will further increase, as will the need for nuclear 
power and clean coal generation with carbon capture. 
 
Although hydro generation may be the most economical, large hydro projects require huge 
capital outlay for major construction activities that involve ecological considerations, likely 
public opposition, and long development times.   At this juncture, the most rapidly accessible 
and economic (apart from hydro) means of renewable energy production, and therefore the 
fastest growing one, is wind generation. Good wind resources are typically found at 
considerable distance from the main load centres, and often in sparsely populated areas.  
The best wind resource may be found offshore, where the wind strength is typically higher 
and more constant, and in the UK and North Germany a large increase in offshore generation 
is forecast during the next decade. HVDC systems are being used for the integration of off 
shore and remote wind farms.  Similarly, a large number of SVCs and STATCOMs are being 
applied at the interface between wind farms and the ac grid to ensure that the required 
voltage quality is achieved, during the complete operating range of the wind farm as well as 
during sudden changes, which may happen in the event of a storm front passing through a 
wind farm.  With the fall in prices of solar energy, large solar farms may also be developed in 
deserts, and could similarly benefit from the use of HVDC and FACTS for their integration into 
the ac network.   
 
The existing transmission facilities may not have the capacity to carry the generated 
renewable power, particularly when transmission may be required in the opposite direction to 
that originally intended.  Whilst there may be considerable uncertainty about how the situation 
will actually evolve, it appears to be reasonably certain that considerable reinforcement of the 
existing network will be required.   
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However, the public tends to be against the erection of new transmission overhead lines, and 
even against the upgrading of the existing transmission overhead line infrastructure.  These 
objections often results in long and protracted public enquiries, which causes long delays to 
the implementation of the plans for renewable energy.  Alternatives to the overhead line 
transmission system re-enforcements have to be considered, e.g. land cables the complete 
route or over long stretches of the route, or submarine cables where convenient.   For long 
land cable stretches HVDC may provide the most economic option.   
 
However, planners may not be comfortable with using a technology with which they are not 
familiar, and which does not respond during system transients and dynamics in the same way 
as an ac connection. The lack of familiarity with HVDC control philosophies and techniques, 
and the tools necessary to analyse ac/dc dynamic interaction can be discouraging factors. 
Other concerns from planners and system operators include the perceived inability to connect 
loads or generations to new substations along the route of a dc cable.   
 
Nevertheless, the conversion of HV ac lines to HVDC operation enables up to three times 
higher capacity in the same line corridor, an increase which may be of significant interest to 
the planners.  HVDC transmission lines have not received the level of negative publicity 
compared to HV ac transmission lines in many respects, including EMF, visual, land use, etc, 
and thus may present some clear advantages from an environmental point of view. However, 
the health and safety implications of electric fields and ions from HVDC overhead lines are 
not completely understood, and the public naturally fear the unknown.  More research and 
communication of the results in this area is required to unlock the potential for higher 
transmission capability. 
 
Some increased capacity, perhaps as much as 50%, could also be unlocked by the use of 
FACTS devices, either for voltage control or for power flow control [13.].  However, whilst 
there may be no proven linkage between the magnetic field from ac overhead lines and health 
effects, the public is likely to object to existing field strengths being significantly increased in 
close proximity to houses, schools and similar public areas. 
 
4.4 INTERCONNECTORS 

With an increasing proportion of intermittent generation (e.g. wind generation) as part of the 
generation portfolio, the benefits from large interconnectors to other network areas become 
more and more apparent.  By increasing the area across which wind resources are exploited, 
and also the diversity of the loads served, the predictability of the actual generation becomes 
higher, and mutual support between the different areas/regions makes it possible to reduce 
the generation margin necessary to maintain system security.   Another reason for the 
implementation of interconnectors is to obtain fuel diversity, and to avoid dependencies on 
resources that might suddenly become unavailable.   
 
In Europe the trend towards an increasing number of interconnectors has become very clear, 
with the recently completed NorNed and Italy Greece schemes, and the BritNed, East West 
Interconnector, Fennoskan 2, Skaggerak, Storebælt, Sacoi 2 schemes receiving the go ahead 
recently.  All of the above schemes use long cables, and therefore the only technical solution 
is to use HVDC.   
 
Existing interconnectors in continental Europe are also being strengthened.  Restrictions and 
time delays associated with the construction of new overhead lines limits substantial progress 
in this area.  Line re-conductoring, breaker switched devices and phase shifting transformers 
(Quad Boosters) can be applied where these measures could release additional capacity.  
FACTS devices could play a role in this strengthening, series compensation could be used to 
enable fast control over power flow, and shunt compensation could be used to control ac 
voltages during system dynamics.    However, as already mentioned above, measures which 
increases the amplitude of the current in overhead lines may meet with objections, because of 
the perceived health risks associated with the ac magnetic fields.  In some areas with critical 
bottlenecks, e.g. in central Sweden and in the Alps, consideration is being given to the 
construction of cable based interconnectors, in many cases using HVDC, because of the long 
distances necessary. 
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Naturally, with a growing number of interconnectors, some planners will be concerned at the 
potential interaction between HVDC schemes in close proximity to each other, and the 
potential negative impact that such interactions might have on the ac network. SC B4 has 
already done some work in this area, but more information about the performance of HVDC 
schemes and its interaction with the ac network during system faults, disturbances and 
dynamic interactions and the HVDC schemes is necessary to ensure that planners can take 
well informed decisions [16.][17.][18.]. 
 
While the ac networks benefit from the strength of the connected ac system, the increasing 
fault levels and transfer of faults in a synchronous ac network cannot be controlled or 
localised. Therefore the continued expansion of an ac network is limited by such 
considerations.  It is possible to arrest such propagation by the application of HVDC links or 
by the application of back to back HVDC links. Such an introduction of a break/link from ac to 
dc in the synchronous network not only act as a firewall against the propagation of faults in a 
synchronous network, but also provides sophisticated control of power flow across this link.  
 
4.5 MERCHANT INTERCONNECTORS 

With the deregulation of the electricity supply industry, the door has been opened to 
developers building merchant/unregulated interconnectors.  A HVDC connection lends itself 
to such types of interconnection, since the power flow can be controlled independently of the 
phase angle and voltage amplitude at the terminals and therefore can meet the contractual 
requirement without reliance on the system operators.  If HVDC is used the interconnection 
may also be able to earn revenues from ancillary services such as system damping and 
frequency control.  VSC HVDC can provide additional ancillary services such as reactive 
power control and provision of black start.  Merchant interconnectors are viable only if a 
bottleneck exists between the two connection points, such that a reasonable price differential 
exists and can be exploited by trading on the merchant interconnector.  Merchant inter-
connectors have been implemented in Australia and USA, and some are being discussed in 
Europe. 
 
The merchant connection will need to meet technical requirements in respect of its interaction 
with the regulated ac network, e.g. in respect of harmonics, reactive power, controllability, 
protection and performance during faults and dynamics.  In all other respects the developer 
can design his scheme as he wishes, and in most cases he will accept the advice from the 
manufacturer chosen for the implementation of the scheme, in order to achieve the most cost 
effective design.  The relationship between the developer and the manufacturer may be on a 
purely commercial basis with no technical interaction between the two parties.  It might be 
useful to develop a framework of standard acceptance test methodologies, to facilitate 
closeout of the contract between the developer and the manufacturer.  The framework should 
include verification of power transmission capability, overload capability, reactive power and 
ac voltage control capability, power losses, reliability and availability performance, ac and dc 
harmonic performance, dynamic performance etc.  Such a framework may also be of value to 
conventional contracts between network operators and manufacturers.  Cigre has already 
completed some work in this area [19.], but more detail may be useful in the suggested areas. 
 
The deregulation of the electricity industry has also unbundled the energy market and 
introduced electricity markets in some parts of the world. The growing trend is to facilitate 
market operation and investment in the electricity network. Due to the various owners and 
operators and interconnections it is necessary to have the right technology for exchange of 
energy, and associated market information for these transactions to take place. Such issues 
are the focus of other SCs and B4 will work alongside those to provide necessary 
technological inputs.  
 
4.6 GRID INTEGRATION OF OFFSHORE WIND ENERGY  

Offshore wind farms can be connected to the grid using ac or dc cables.  Bidirectional power 
transfer is usually required for wind farm connections, to enable the evacuation of wind 
energy during times of adequate wind speeds, but also to enable power to be sent to the wind 
farm during low wind speed conditions for use by the auxiliary systems, e.g. control and for 
essential navigation lights. 
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The connection method is normally determined based on economics.  The distance at which 
HVDC becomes attractive must take into account not only the cable and termination station 
costs, but also the need for additional support to either system, e.g. to enable fault ride 
through and to meet grid connection requirements.  
  
During a fault in the on-shore ac grid the wind turbines cannot deliver the captured power to 
the network, and will thus accelerate, resulting in large power swings with the ac grid if the 
connection is made using ac cables.  These swings must be taken into account when 
determining the cable rating and the protection settings.  In some cases it may be necessary 
to install large synchronous compensators or STATCOMs in-order to ensure satisfactory fault 
ride through [20.].  TCSCs may also bring benefits through the control of power swings on the 
ac lines. 
 
In case of a HVDC connection there is no synchronism between the offshore and the on-
shore grid, and the acceleration of the wind turbines during a fault in the on-shore grid may be 
acceptable without taking any further measures.  Alternatively, with a HVDC connection it is 
possible, because the ac voltage on the offshore grid does not collapse during a fault in the 
on-shore grid, to burn the energy from the wind generators during the fault period in a resistor 
which is rapidly inserted, either using ac circuit breakers or thyristor switches, thereby 
facilitating fault ride through.   
 
Because of the need for bidirectional power flow, and the need for active and reactive power 
(P and Q) control at both terminals, the VSC HVDC option tends to be the more technically 
attractive for the connection of offshore, than an equivalent LCC HVDC scheme.  Since the 
footprint and weight of the equipment for a VSC scheme is also much smaller and lighter than 
that for a LCC HVDC scheme, the VSC HVDC scheme also tends to provide the most 
economical HVDC option. 
 
The cost break even point between an ac and a HVDC connection depends on the cable 
length, as well as on the rating of the wind farm.  HVDC will become more economically 
attractive at shorter cable lengths for higher ratings, particularly if there is a limitation on the 
number of cables because of environmental constraints.  
 
A substantial part of the problems associated with the intermittency and unpredictability of the 
actual maximum wind strength can be overcome by the use of interconnections, which 
enables the wind generated energy to be provided to a larger network and also provides 
mutual supports between different areas.  Similarly, by capturing wind energy over a larger 
geographic area reduces the problems associated with these issues, because of the 
averaging effect. Therefore, the future may bring offshore HVDC grids, and Supergrids as 
explained in the following section. The term ‘Supergrid’ referenced here is within the context 
of the Europeans proposals rather than its general meaning in prevalent use. 
 
4.7 HVDC SUPERGRIDS/ HVDC ELECTRICITY HIGHWAYS 

Proposals have been made for the construction of an offshore HVDC Supergrid for the 
collection of offshore wind energy, and the transmission of the energy to a number of 
connection points in different ac network areas, or even asynchronous networks [21.]. The 
proposed offshore HVDC Supergrid is considered to be a 10 GW foundation project for the 
establishment of a wider on-shore HVDC Supergrid in Europe.  In addition to providing 
diversification for the wind energy supply, the proposed foundation project also provides 
additional interconnection capacity between the network connection points, thus enabling 
other trading and mutual support, whether or not wind is being generated.  Figure 3 shows a 
map of the 10 GW foundation project offshore HVDC Supergrid. 
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Figure 3   The proposed 10 GW offshore HVDC Supergrid  
  
Other organisations have made similar proposals, e.g. for a European Super Grid to facilitate 
the supply of solar power from the Sahara desert to Europe and a HVDC backbone to the 
European and North African grid, to enable the full exploitation of renewable resources, 
including wind, geothermal, hydropower, and solar energy [23.].  Figure 4 shows a vision of 
an EUMENA backbone grid using HVDC power transmission technology as “Electricity 
Highways” to complement the conventional ac electricity grid. 
 

 
 

Figure 4 Proposed European HVDC Backbone 
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The Supergrid would use HVDC connections between the different nodes, both offshore and 
connection points onshore.  Since the schemes would be multi-terminal HVDC schemes, i.e. 
multiple rectifiers and inverters would be connected together on the dc side, the use of LCC 
HVDC technology would be challenging.  The challenges arise not only because of the need 
for polarity reversal when a converter changes from inversion to rectification, but also 
because of the performance of the grid during a commutation failures at any of the 
converters, which would bring the complete grid to a temporary stop in the event of a single 
phase fault in the ac network close to any of the inverters, unless actions are taken as 
described below.  VSC Transmission might provide a superior technical solution, as this 
technology does not require polarity changes and does not suffer from commutation failures.  
VSC HVDC also offer advantages because of the possibility for independent control of P and 
Q at each terminal. 
 
Consideration will have to be given to the performance of the overall network in the event of a 
dc cable failure or fault on a dc overhead line section.  In order to minimise the failure rate of 
the dc cables it will be necessary to deep trench the cables, to avoid mechanical damage 
from trawls and anchors, since mechanical damage is the most likely cause of failure for a dc 
cable.  Whilst the probability of mechanical damage can be minimised by such steps, the very 
long cable lengths and large number of converters that would be required for the proposed 
offshore foundation project would still result in a high probability of a fault on the dc grid 
several times each year.  If overhead line sections are included in the dc grid, there will 
inevitably be many faults on the grid caused by flashovers caused by lightning or pollution. 
 
Whilst dc circuit breakers would ensure that faulty parts of the grid could be disconnected and 
isolated as quickly as possible [22.], the performance of a meshed dc grid is quite different 
from that of a meshed ac grid.  An ac grid “benefits” from the inductance of the transmission 
lines and large fault currents from the synchronous generators during faults in the grid, such 
that the collapse of the ac voltage is relatively localised.  A dc grid would not have the same 
benefits, since the long term (more than 20ms) current from each converter would be limited 
to 1 per unit of their rating, and the voltage drops would be limited only by the dc resistance of 
the lines.  Thus it is necessary to develop new methods to stop the collapse of the dc voltage 
throughout the dc grid and/or to rapidly detect fault location and disconnect a faulty segment 
using high speed and high current breaking capability dc circuit breakers.   
 
The investment required for the construction of a Supergrid including HVDC or HVDC 
backbone to the ac grid would be substantial, and would require political backing from all 
affected governments. Thus the challenges include not only technical issues, but also political 
ones.  
 
5. CIGRE STUDY COMMITTEE B4 ROLE 
 
Having identified the issues and challenges facing the HVDC and PE community, how Cigre 
SC B4 intends to address these challenges are discussed below starting with SC B4's 
mission and objectives. It is to be noted that SC B4 is in the process of reviewing its strategic 
plan. The review will take all of these aspects into consideration in positioning SC B4 to 
address the challenges ahead to serve all its target groups better. 
 
5.1 THE MISSION OF B4 

 
The MISSION of SC B4 is:  

To facilitate and promote the progress of engineering and the international exchange 
of information and knowledge in the field of HVDC and power electronics. To add 
value to this information and knowledge by means of synthesizing state-of-the-art 
practices and developing recommendations. 

 
The work of B4 addresses all the relevant Target Groups in Power Industry interested in 
Power Electronics. In addition to technical aspects also economical and environmental 
subjects of this technology and asset management are covered.  
 
The Study Committee activities include the following subjects:  
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·  HVDC: economics of HVDC, applications,  planning aspects, design, performance, 
control, protection, control and testing of converter stations and specialized converter 
equipment, i.e. the converting equipment itself.  

·  Power Electronic for ac systems and Power Quality Improvement: economics, 
applications, planning, design, performance, control, protection, construction and testing, 
as described above.  

·  Advanced Power Electronics: development of new converter technologies including 
controls, use of new semiconductor devices, applications of these technologies in HVDC, 
Power Electronics for ac systems and Power Quality Improvement.  Power Electronics 
used in other fields of the Electric Power Industry , of interest to other Study Committees, 
will be covered by demand, this Committee being the Sponsoring Committee. 

 
The Target Audience for B4 is considered to consist of Network Operators/Asset Managers, 
Network planners, Merchant Owners/Operators, Regulators, Manufacturers, Consultants, 
Academia and Standard making organisations.  The Target Audience includes both engineers 
and people without engineering knowledge. 
 
The Members of B4 come from network owners/asset managers, network planners, 
manufacturers, consultants and academia. 
 
Within the boundaries of the above, B4 has a role to play in the progress of the HVDC and 
FACTS technology and its various applications.  It fulfils this role by providing unbiased 
information on the use of HVDC and Power Electronics to the benefit of the Target Audience, 
and by providing technical information to support the activities of IEC and IEEE.  
 
The majority of the work carried out by B4 is performed by Working Groups, who are set up to 
complete activities defined in a Terms of Reference (ToR), which has been proposed and 
agreed by the SC and has been approved by the CIGRE Technical Committee.  However, the 
SC also benefits from other contributions of its members, e.g. through the undertaking of 
workshops and tutorials, and through the work within various Advisory Groups.  The 
organisation chart of B4 is shown in Figure 5. 

 
Figure 5 Cigre Study Committee B4 Organisation Char t 

 
Study Committee B4 also works closely with other CIGRE Study Committees, e.g: 
 

·  A2 Transformers – In particular aspects of converter transformers 
·  B1 Cables – in particular aspects of land and submarine HVDC cables 
·  B2 Overhead lines – in particular HVDC overhead lines 
·  C1 System Developments and Economics 
·  C2 System Operation and Control 
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·  C3 System Environmental Control 
·  C4 System Technical Performance 

 
Typically this collaboration is through joint working groups. 
 
The earlier sections have already highlighted some of the work done by B4 in the past and in 
progress, and more information can be found by studying the references, and by looking at 
the complete list of documents available from www.e-cigre.org.  The following paragraphs will 
highlight some of the activities that B4 could perform to meet its Mission.  It should be noted 
that CIGRE depends on the support of the members of the B4 community to voluntarily and 
without charge perform the tasks, and this puts a limit on the number of WGs that can be 
reasonably expected to be active at any one time. Further information on SC B4 can be found 
on B4 Website at http://www.cigre-b4.org/. 
 
5.2 TRANSFER OF UNBIASED INFORMATION 

 
HVDC and FACTS are niche products, and are generally not well understood outside of 
organisations who do not deal with these products.  However, as explained above, there is a 
lot of interest in HVDC and FACTS, because of the expected major changes within the 
electricity supply industry.  “Smart Grids” and “Networks of the Future” are being discussed in 
many circles, and whilst these have not been explicitly discussed in any details above, HVDC, 
FACTS and Power Electronics will play a key role in many aspects of these new 
developments.   
 
B4 has a role to play in ensuring that unbiased information is provided about the 
characteristics of the equipment and the impact that it will have on the public, the ac networks 
to which they are connected as well as providing technical information that can be used for 
the establishment of appropriate standards.  Much of this work has already been done or is in 
progress, but some may need to be re-examined to ensure that they meet the current needs 
and objectives, and that they reflect the technology as used today and in the foreseeable 
future. 
 
The main communication to the Target Audience is typically through Technical Brochures, but 
B4 also communicates through papers at Paris Sessions and at Colloquia in conjunction with 
SC meetings in intermediate years and at special events.  B4 can arrange workshops or 
tutorials, both in conjunction with the SC meetings and on special request.  In the future it is 
proposed to request WGs to prepare tutorial information to communicate the main findings of 
their work. It may be desirable for the WG to offer a tutorial in conjunction with their last few 
meetings, not only covering the work in progress, but also to tap into some of the WG 
participants’ expert knowledge. 
 
Key documents to be used for the communication include: 
  

·  Explanation and information about new technology, equipment and systems. 
·  Application Guides and Application Examples. 
·  Performance information concerning systems and equipment in service. 
·  Guidelines for the performance of system studies to investigate the impact that new 

systems and equipment may have on the overall network performance. 
·  Documents providing unbiased and balanced information about environmental issues 

associated with systems and equipment within B4’s scope, and which may be of 
concern to the Target Audience and the general public.  

 
5.3 TECHNOLOGY ISSUES 

 
CIGRE does not directly participate in the development and design of equipment and 
systems.  However, B4 can act as a forum for identification of technical issues and options 
when issues of concern are identified through the gathering of performance information for 
systems in service.  Similarly, during the pre-competitive stage it can also get experts 
together to look at the feasibility and technical needs associated with new types of application 
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of equipment.  B4 WGs can also identify the stresses to which specialized equipment 
associated with HVDC, FACTS and Power Electronic systems will be exposed during steady 
state, dynamics and fault conditions, and  can use this information to provide guidance for the 
testing of such equipment and systems. 
 
Key issues included in this area includes: 
 

·  Feasibility of the creation of dc grids, including identification of possible ways of 
localising the effect of faults on the dc side. 

·  Provision of taps on existing and new HVDC schemes. 
·  Determination of the power loss of VSC solutions. 
·  Stresses and test requirements for new technology solutions. 
·  Foundation information as required from IEC and IEEE for the creation of standards 

associated with the technology. 
·  Opportunities offered by new materials and techniques. 
·  Review of existing standards and identification of any areas where the standards 

results in un-necessary cost increases 
·  Examination of the possibility of using Power Electronic Building Blocks for the 

creation of HVDC and FACTS equipment.  
 
5.4 COMMERCIAL INFORMATION 

 
It is sometimes stated that HVDC and FACTS equipment is “too expensive”.  It is clearly not 
possible to simply compare the cost of a HVDC or FACTS installation with the cost of an 
equivalently rated ac substation, and base the decision on this comparison.  The wider 
benefits from the use of HVDC or FACTS installations must be taken into account when 
making the comparison, e.g. the economic value of any additional capability released in the 
ac network as a consequence of using HVDC or FACTS must be included when making the 
comparison. 
 
Clearly there is also more equipment in a HVDC and FACTS installation, than in an ac 
substation, and the equipment is usually tailored to the specific application using the 
manufacturer’s standard components. If the market for the equipment increases dramatically, 
as might indeed happen, new manufacturers may enter the market resulting in additional 
competition, and higher volumes may make further standardisation of these systems 
appropriate.  Technological advances also result in lower costs, lower power loss and/or the 
provision of additional ancillary services from the HVDC or FACTS systems, which will impact 
the comparison.  The continuous development of new semi-conductors will result in larger 
and more powerful devices, and new technical characteristics, which may enable new ways of 
achieving the basic objectives.  All of these factors could result in reduced prices and higher 
evaluated benefits for HVDC and FACTS.  B4’s role in this area could be in the 
encouragement and sharing of pre-competitive stage information, and then subsequently in 
ensuring that the value of the ancillary benefits that may be added are properly understood 
and correctly evaluated. 
 
It is notoriously difficult to establish information concerning the price of HVDC and FACTS 
equipment, because the price is affected by many issues, including the cost of raw materials, 
the state of the market, local factors, as well as the technical specification.  Some information 
has been provided in the past that can give a general idea of these costs.  Whilst accurate 
information cannot be provided by B4, it could be useful for potential users to be provided with 
sufficient information to enable them to determine whether or not a HVDC or FACTS system 
is a realistic contender for the solution of the specific network issue being addressed, and to 
enable them to undertake an initial assessment of the lifetime costs associated with these 
systems. 
 
As mentioned above, another useful contribution from B4 could be the provision of a 
document which sets out a guide for the setting of system performance guarantees and the 
demonstration of achievement of these guarantees.  
 



CIGRE B4 Colloquium, Bergen 2009  Page 14 of 15 

5.5 REGULATION AND POLITICAL  

 
The documentation that is provided by B4 is likely to be an important source of unbiased 
information for the Regulatory bodies and Political agents around the world, but B4 feels that 
these bodies may be unaware of the work being performed within CIGRE and in particular B4.  
B4 would be willing to initiate work in areas that would be beneficial to these bodies.  In order 
to fulfil our Mission we may need to raise our profile with these bodies, and consideration 
should be given to how this can be best achieved. 
 
One issue that could be of interest in this area is whether lower costs and better technical 
performance could be established for wind farms connected to the grid using HVDC or 
FACTS devices supporting an ac connection, if the two systems are technically integrated 
with each other, rather than for the two systems being designed and implemented as black 
boxes, which is often the case. A key to the interaction with these bodies is to translate the 
technical material in a form understandable by Regulators (engineering as well as non-
engineering professionals) and public. Similarly listening to the needs of such target groups 
are also important to providing timely and focused messages from B4.  
 
 
6. CONCLUSION 
 
This paper has briefly described the HVDC and FACTS technology available today and the 
opportunities that may be presented by the developments in energy policies, stronger 
environmental drivers, deregulation of the electricity markets and development in Power 
Electronic technologies.   
 

- The world demand for energy consumption is increasing leading to transmission of 
bulk energy for long distances (such as HVDC) from cost effective energy sources. 

- To reduce C02 emissions there is a strong drive towards the use of renewable energy 
sources, some of which are intermittent, necessitating stronger interconnections.  

- There are clear incentives to safely drive the power systems harder within their 
thermal and stability limits using controllable transmission devices (such as FACTS).  

- Cigre SC B4 and the Power Electronics community have made tremendous 
achievements in new systems and applications in the last decade. The development 
of VSC HVDC transmission and 800 kV UHVDC are amongst the biggest progress.  

 
Whilst the opportunities for HVDC and FACTS may be better today than they have ever been 
in the past, it was considered worthwhile reviewing the challenges to greater acceptance of 
HVDC and FACTS as a mainstream tool for the power system planners and operators.   
Some of these challenges result from a lack of knowledge of the capabilities that can be 
harnessed and utilised when applying these technologies, and some may be due to 
misconceptions or bad experience.  Other challenges results from the major difference in 
performance and operation that is associated with HVDC and FACTS when compared to a 
simple ac transmission system. 
 
These challenges need to be faced and solutions found, to the mutual benefit of system 
operators and vendors of equipment.  CIGRE has a major role in this process, partly by 
impartial and unbiased communication and education, partly by ensuring that the background 
for technical standards are developed in a responsible manner, and partly by encouraging the 
development of the technology such that the challenges are overcome.   
 
The paper has outlined the authors’ vision for potential CIGRE Study Committee B4’s 
activities in this area during the next few years.  The vision is recognised as being very 
ambitious, particularly in the light of the relatively limited resources.  Nevertheless, the 
authors’ are convinced that some progress towards the goals outlined will be made over the 
next years with the contributions and commitment of the B4 community. 
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