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A China - EU electricity transmission link . Assessment of potential connecting countries and routes  

 

The report looks at the potential routes for a future power interconnection between EU and China. High voltage 

direc t current technology is considered and its potential is assessed . It analyses the renewable energy sources 

in the countries along the pote ntial routes as well as the power sector and power grid in the countries  crossed.  

Three potential routes are analysed.  
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Executive summary  

In their vast majority the national power transmission and distribution networks operate 

with alternating current but the latest developments in direct current technology make 

this technology the best op tion for large quantities of electricity transmitted over long 

distances. The proof stands in the increasing number of such installation across the 

world (almost 200). China is by far the largest market for high voltage direct current 

(HVDC) equipment and systems and it holds the complete solution from designing to 

manufacturing and installing such systems. Nevertheless, the most innovative companies 

are Europe -based.  

China has launched in 2016 the idea of transmitting electricity as far as Germany via an 

UHVDC link. This purpose falls under a more comprehensive initiative called ñBelt and 

Road Initiativeò, which has the ambition to export industrial overcapacity and 

engineering expertise as it faces slowing growth at home.  

Central Asia is a realm with rich potential in renewable energy sources (RES), mainly 

wind and solar (but also hydro) which can yield large quantities of ñcleanò electricity. 

China intends to exploit its RES from north -eastern regions both for domestic use and for 

export. The country has t he capabilities to project and build long and powerful systems 

to transmit electricity across the country for thousands of kilometres.  

Three route scenarios are considered and analysed, all starting in rich in RES areas in 

western China and heading towards  Europe on three different paths. Each of the routes 

displays advantages and drawbacks . The north route is the shortest one and crosses the 

lowest number of countries. It is entirely on land and has no major natural barriers. It 

crosses parts of Russia and  eastern Ukraine. The middle route is longer than the 

previous one and crosses a larger number of countries but with richer potential of RES. 

It also involves crossing two sea bodies. The third route, the southern one, is the longest 

and crosses the larger  number of states. It is entirely on land and crosses several 

rougher natural environments like mountains, high plateaus and deserts, as well as few 

conflict areas.  

The DC technology is present in several countries (China, India) with notable 

contributions , generally the area lack this type of infrastructure. The same goes for DC 

technology knowledge and experience.  

Although the technology is mature enough for such a project to be built, the scope and 

benefit share must be still envisaged. The multi - termina l configuration would be the best 

solution to be adopted but more trials are needed in order to prove their robustness.  

The investment cost varies largely according to the route chosen. The length and 

number of countries crossed (which give the number of c onverter stations needed) ar e 

the variables that influence the cost the most. The cost for such an infrastructure spans 

from ú15-16 billion in the case of the shortest one and with the lowest number of 

countries crossed to ú23-28 billion for the longer ones, crossing more countries a nd 

implying the use of submarine power cables.  
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Scope  

China has launched in 2016 the idea of transmitting electricity towards Central Asian 

countries but also as far as Germany via an UHVDC link. This purpose falls under a more 

comprehensive initiative cal led ñOne belt, one roadò ï OBOR, launched in 2013, now 

called ñBelt and Road Initiativeò, which has the ambition to export industrial overcapacity 

and engineering expertise as it faces slowing growth at home. On both routes the 

initiative is westward orien ted intended to valorise the Central Asian continental realm 

(Fig. 1).  

 

Fig. 1 ï Chinaôs Belt and Road Initiative 

This relies on the rich energy resources in western China to be harnessed and shipped 

along as rough fuel (gas, oil) through pipelines or as electricity to be marketed on 

higher -priced markets overseas. The continental part of initiative looks at the Central 

Asian countries as the main beneficiaries and conveyers   or the trade but it also targets 

the markets in India, Pakistan and Myanmar. Bot h branches ensure large populated 

swaths of Asian continent are faced with increased interaction supposedly bringing 

welfare.  

Although not specifically mentioned the electricity trade as a derivate form of energy 

along this route could become an important merchandise in the economies of the 

countries crossed. The countries in Central Asia hold significant RES resources but also 

produce an ever increasing electrical load. A power interconnection running form China 

towards Europe linking these countries could  foster economic cooperation and make a 

better use of the resources and generating capacity.  

We try to assess in the following pages the issues related to such a power 

interconnection.  
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1 Introduction  

The global electrical consumption experienced a constant  increase during the last 

decades, continuing its upward  trend in future, despite the measures taken to increase 

the energy efficiency. The use of electricity is present in almost every aspect of our daily 

lives, in all economic activities and forms the ba sis of many other activities and services 

of critical importance (communication, security, internet  etc. ).  

Electricity is a secondary form of energy derived from other primary types: mechanical 

(wind, hydro), thermal (coal, gas, nuclear), chemical (batter ies), optic (solar). The 

spread of these resources is not even around the globe . They are  concentrate d in few 

places depending on the local geological history (for fossil fuels and geothermal) or 

geographical conditions (hydro, wind and solar). Once electr icity is produced , it  cannot 

be efficiently stored -  at least not in large quantities with nowadays technologies, thus it 

has to be immediately consumed. Generation and consumption must be balanced in real 

time so the two must be linked. Until now the clos est energy resources to human 

communities were exploited, but in the future, in order to cover the electricity demand, 

more distant resources would have to be accessed. Electricity usually produced in situ  

has to be transmitted to the areas with high deman d which necessitates power 

transmission  lines to be built. Power transmission over large distances, with the lowest  

cost s and losses is done by using high voltage transmission lines. Most of the national 

power networks rely on a transmission frame composed  of high voltage lines functioning 

on alternating current (AC). Relatively recent ly  many high voltage direct current (HVDC) 

transmission lines are being construct and  used to transmit  large quantities of electricity 

over long distances.  

The idea of an HVDC  transmission line between China and Europe has been supported by 

the State Grid Company of China (SGCC), based on European countries  goals of  reduc ing  

the carbon footprint  and to decrease  nuclear energy in the future in conjunction with 

accessing the rich  renewable energy sources (RES) in Central Asia.  

1.1 History of high voltage direct current  installations and 
technological progress  

In their vast majority national power transmission and distribution networks function 

with AC  as it offer s a series of adva ntages which are presented later on in this report . 

Lately, electricity demand increased  and it continues to do so  which entails the necessity 

to find solutions for transferring  large quantities of electricity from power plants, 

especially those of large p roduction , to the large urban consumption centres. This was 

and still is possible with the help of AC power networks. Direct current (DC) offers 

however a series of advantages among which the increased power control and fewer 

transmission losses are the mo st important ones . This explains the  great increase in the 

number of HVDC projects foresee n in the years to come.  

Except for few experimental and sporadic tri als before 1950s , DC was not used on a 

large scale in electricity distribution. Only in 1954 the S wedish company ASEA install ed 

the first operational line of 30 MW at 150 kV between mainland Sweden and Gotland 

Island , which was a submarine power cable of 100 km length. I n the 1960s a series of 

HVDC transmission lines were  built, all as submarine cables  (with the exception of the 

overhead line (OHL) Volgograd -Donbass in the  USSR) between United Kingdom and 

France, the Danish islands, the New Zealand islands, between Vancouver Island and 

mainland Canada and between Sardinia Island and mainland Italy. Once  with the 

increasing distance the values of the functioning parameters grow as well ï capacity and 

voltage. The Swedish company ASEA, pioneer in designing, testing and installing such 

systems was the main producer of these systems in this period.  

The three  next decades (1970s, 1980s, and 1990s) represent a continuation of the 

tendency started in the previous decade. More than 35 HVDC projects have been 

accomplished during this period, some in already established areas (Danish archipelago, 
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Gotland Island), a s submarine power cables, but other mainly as powerful OHL with ever 

higher voltages, linking generally high capacity hydro power plants with consumption 

centres located hundreds of kilometres away. Such projects were achieved in North 

America (US, Canada) , South America (Brazil), Asia (India, China, Philippines) and Africa 

(Mozambique, South Africa, Democratic Republic of Congo). The power of these systems 

achieves and even exceeds in few cases 2000 MW for a voltage of 250 -500 kV. Many of 

these systems hav e been modernized in the last years, although few have been 

abandoned or replaced by modern circuits. In this period, besides ASEA, companies from 

other areas start to play a role in the HVDC market equipment (ABB, Alcatel, General 

Electric, Siemens, AEG, Hitachi, Toshiba, Areva) or specialize on specific segments, such 

as submarine cables (Prysmian).  

Starting with 2000s, due to important technological advances the number of the HVDC 

projects has greatly increased, in the last 17 years going online twice as  many projects 

as during the previous period. The transmission lines become more powerful at voltages 

ever higher. If at the beginning of the period HVDC technology was still used as a 

solution to transmit electricity between regions separated by aquatic b odies, as 

submarine power cables, towards nowadays it becomes more a solution for trade 

between countries and to balance the power budget between different regions of the 

same country or of the same continent.  

Even closer to nowadays it is noted an increas e of the voltage towards the Ultra High 

Voltage (UHV) zone, of ±800 kV and beyond. China is the promoter of this tendency with 

all such projects built, except for few in India. The great number of such projects 

accomplished or being in various stages of ac hievement or planning indicates that this 

technology has reached maturity. The tendency towards even greater voltages continues 

as China plans at least three UHVDC projects of 1100 kV. All these UHVDC projects are 

meant to transmit power from the future hy dro power plants in south -central provinces 

(Sichuan, Yunnan) to the big consumer centres on the eastern coast.  

1.2 Present installations and stage of development  

A glance at the distribution of the HVDC projects worldwide (Fig. 2) shows  the 

undeniable pre -eminence  of the Eurasian bloc both in terms of number of projects as 

well as length of lines. It is followed by North America, Africa and South America, despite 

the fact that on the last two some of the largest projects both in terms of capacity and 

lengt h were built at the end of 1970s and 1980s. Australia and New Zealand possess 

also several HVDC projects.  
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Fig. 2 ï Map of HVDC projects distribution  

Several regions are missing from the HVDC projects map, some remarkable as potential, 

some as know -how ho lders. For instance, the island states region of Caribbean Sea, with 

its multitude of relatively closely -spaced islands, could fully benefit of the 

presence/existence of several transmission power cables in order to ensure stability, 

reserve and a power ba lance among the islands in case of power failure as well as 

widening the market. The same situation goes for the Indonesian Archipelago, although 

here there are several projects planned through which the main islands will be 

connected. Somehow surprising i s the lack of powerful and long HVDC projects in 

countries from former Soviet realm although here there were several tries with pilot 

projects, now abandoned or functioning at under -capacity. The size of its territory along 

with the many hydropower plants built at the most favourable locations on the major 

rivers and with a clustered distribution of population, seems the perfect setting for the 

use of HVDC. With all these, Russia and the new born countries resulted after the 

disintegration of former USSR po ssess a dense AC power grid although technologically 

old and which requires modernization. Another broad region without any HVDC project 

realised or planned in close future is the one stretching from Northern Africa (Sahara 

included) over Arabian Peninsula  till Pakistan. Although the long distances justify it, the 

unfavourable natural conditions and the perpetual conflict state stretching for decades, 

have kept away larger infrastructure projects except those for mineral resources 

extracting.  

Plans for futu re installations using DC technology exist on the Asian continent from 

connecting the islands of Philippines or Indonesia into a national wide power grid to more 

ample projects involving several countries, most of them in north -east or south Asia 

(Asia Pacific Energy Research Centre, 2015) .  

All of them (Northeast Asian Electrical System ï NEAREST, GRENATEC, Asia Super Grid, 

Asia Pacific Power Grid, Gobitec and Asian Super Grid, NEA Super Grid, Northeast Asia 

Super Grid ï SKOLTECH) aim at reducing the investment costs in generation and 

optimize the operation. This can also include the integration of an increasing share of 

renewables together with shifting from coal - fired generation, sharing the peak - load, 

reliability enhancement,  demand levelling.  
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China is the proponent of several regional power grids that facilitate electricity exchange 

and a better use of the installed capacity. One such initiative is the Northeast Asia Power 

Grid Interconnection (NEAG) which aims at linking the  north -eastern Asian countries by 

a high voltage power grid (Liu, Chen, Guan, Wang, & He, 2016) . Besides China which 

plays a pivotal role, it concerns five more countries in the area: Mongolia, DPR of Korea, 

South Korea, Russia  and Japan (Fig. 3).  

The planned network consists of 12 EHV/UHV DC interconnections sized at 800 kV and 8 -

10 GW with distances of 200 -2300 km. The focal point is the north -east region of China 

which collects most of the links. The grid includes several sub marine cables between the 

Japanese islands and Russian Sakhalin Island and mainland but also between Korean 

Peninsula and China. The project is set to be built gradually in three stages. The first 

stage consists in strengthening the north -eastern power gri d of China which is already 

under planning phase. In the second stage the interconnections between China and 

neighbours will be built as well as the one between South Korea and Japan. During the 

third stage the ring around the Japan Sea will be completed. There are no time 

milestones provided.  

 

Fig. 3 ï The concept scheme of NEAG power interconnection network  

Looking westward from Europe, the perspectives and technical conditions for an HVDC 

submarine power interconnection between Europe and North America was investigated 

by (Ardelean & Minnebo, 2015) . (Chatzivasileiadis, Ernst, & Andersson, 2013)  worked a 

theoretical approach envisaging a world super -grid.  

The most powerful systems in operation tod ay are found in China built by an ABB -CEPRI 

venture. They are rated at ±800 kV and capable to transmit 8000 MW. There are three 

such systems operating in China at the moment. ABB has also tested the most powerful 



7 

HVDC transformer up - to -date which will be u sed for the Changji -Guquan HVDC line built 

in cooperation with CEPRI until 2019. It will be able to carry 12000 MW of electricity and 

it is rated at ±1100 kV. INELFE (HVDC interconnection between France and Spain) is at 

the moment the most powerful VSC ins tallation in the world, rated at 2000 MW, with two 

parallel bipolar circuits (1000 MW each)  (Siemens, 2015) . The highest voltage from 

terminal to terminal for a submarine HVDC cable (2012) is found at NorNed, rated at 

900 kV (±4 50 kV).  

1.3 Modern trends in HVDC technology  

The ever increasing demand for using such technology orients the tendencies for its 

modernization towards cost reduction for equipment production and installing as well as 

towards the increase of the functioning  parameters (capacity, ratings).  

As the main component of an HVDC system is the converter it is the focal element 

targeted for cost reduction. The cost reduction focuses on reducing the number of 

components. Also the increase of the current and voltage as well as the cost of the 

valves by using new materials are among the main concerns for cost reduction.  

Among the technical modernization we can count:  

¶ A new valve design for an increase safety in earthquake prone areas;  

¶ Better cooling methods for thyristor s in order to increase their rating; the power 

of a 12 pulse conversion unit exceeds today 3000 MW;  

¶ Use of microcomputer equipment to control the convertors with multiple 

advantages ranging from redundant converter control to allowing scheduled 

maintenance  to be performed while the converter is in operation;  

¶ Conversion of HVAC lines into HVDC ones due to the right -of -way (ROW) 

limitations which demands the use of the same couloir to transmit more power;  

¶ Operating with insufficient powerful AC systems;  

¶ Devel opment of HVDC transmission above 800 kV.  
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2 HVDC Technology  

There are two main types of DC configurations (Fig. 4):  

¶ Monopolar ï it uses a single conductor (usually the negative pole to minimize the 

corona effects) with ground or sea return; sometime a me tallic return is used. 

This configuration is usually used as a first step of a DC connection until the load 

increase enough to require an  upgrade to a bipolar link.  

¶ Bipolar ï two conductors are used, one positive and one negative usually having 

the same vo ltage. Each terminal has two sets of convertors of equal power. This 

is the most frequently used configuration.  

 

Fig. 4 ï Different DC configurations (Padiyar, 2011)  

The monopolar configuration can function with return curren t through a) ground or b) 

metallic conductor. Both have advantages and disadvantages. The losses for the ground 

return are lesser but there are problems with accelerated corrosion of the underground 

pipes and with the interference with other type of equipm ent close by (e.g. rail 

signalizing equipment). Metallic return has greater losses and a reduced reliability 

because there are two conductors exposed instead of one, as for ground return.  

2.1 Convertors  

The converters represent the main part of DC links. H ere takes place the conversion 

form AC to DC and face about. The converter station that receives current from the AC 

grid and turns it into DC is called rectifier while the one that discharge the current form 

the DC line into the AC grid is called inverter . There are two conversion stations at each 

end of a point - to -point connection. The roles of rectifier and invertor can be switched 

which results in a change of direction in the electricity flow.  

As the majority of power networks operate in AC, DC is mainl y used as a bridge between 

the AC systems or as mean of bulk electricity transmission over long distances with 

lesser losses than AC. The result that in most of the cases the DC systems are connected 

at both ends with AC grids.  
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2.1.1 Components  

The convert ers consist of a series of valves that allow the current to flow in one direction 

but block it reversely. Two main types of valves are currently used: thyristor valves and 

Insulated Gate Bipolar Transistor (IGBT) valves which also define different types of  

HVDC technology ï Line Commutated Converters (LCC) and Voltage Source Converters 

(VSC) (Padiyar, 2011) .  

The thyristor represents the main device in a converter station. It is a semiconductor 

switch that can take the whole ran ge of combinations of four layers P and N (Fig. 5). It  is 

also known as silicon controlled rectifier (SCR). It allows the current to flow in only one 

direction, from anode to cathode, the moment being controlled by the gate.  

 

Fig. 5 ï Structure and symbol  of a thyristor  (Padiyar, 2011)  

It is possible to increase the voltage rating of a thyristor but that comes with a series of 

problems among which the most important being a growth of losses and also an increase 

of the turn -off  times. The capability of the thyristor to stand high voltages is given by 

the quality of the silicon crystal of which the thyristor is made. The more uniform the 

crystal is the higher is the capability to stand high voltages.  

Thyristor valves  are composed  from a number of thyristors connected in series in order 

to control the voltage and in parallel in order to control the current. The number of 

thyristors depends on the power rating sought. Currently, the blocking capability of the 

thyristors reaches 12 k V and the power capacity 32 kVA. The blocking capacity for 

current is sufficient such as it is not necessary to connect them in parallel. The voltage 

rating is however not sufficient to form a high voltage valve so it is necessary to connect 

the thyristors  in series.  

The valves are usually placed indoors in order to avoid their contamination with different 

substances or dust. Insulation is generally done with air. In order to reduce the thermal 

resistance the valves are cooled with air, water, oil or freon.  

IGBT valves  combine Bipolar Junction Transistors (BJT) with Metal -Oxide -

Semiconductor Field Effect Transistors (MOSFET). BJT have lesser losses but the turn -off 

times are longer while the MOSFETs have shorter turn -off times but higher losses 

(Padiyar, 2011) . IGBT have been invented in 1982 and in 2002 they have been adapted 

for high voltage. Each IGBT valve contains 100 or more IGBT devices connected in series 

in order to reach the voltage rating.  

Both types of valves must be placed in closed spaces with phonic insulation due to the 

high frequency noise made by the switching IGBT.  

2.1.2 Types of converters  

The converter stations are built and configured according to the type of application and 

its requirements.  They usually oc cupy large areas.  
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2.1.2.1 Line  Commutated  Converter  -  LCC 

LCC are the most used converters today. In LCC the current is kept constant. The 

direction of the power flow is determined by the polarity of the DC voltage. The direction 

of the current remains how ever the same. They allow the control of only the active 

power and have no black start capabilities. LCCs use thyristor valves.  

2.1.2.2 Voltage Source Converter  -  VSC  

VSC allows independent control of both active and reactive power. This makes that in 

VSC systems the converter station to be able to absorb or to provide reactive power to 

the system, regulating thus the voltage. For that VSC uses IGBT which are able to turn 

off the current. VSC can function at zero active power and still provide full range re active 

power.  

The switch of flow direction does not require switching the voltage which allows for a 

better control of the multi - terminal systems.  

Converter stations occupy a much smaller space, they are standardized and modular 

which makes them suitable f or adaptation and extension in case of capacity increase.  

In a VSC configuration it is much simpler to connect new substations to the existing 

system which offer more options for feeding the grid or taking power from it.  

(L'Abbat e & Fulli, 2010)  make a modelling analysis over the impact that HVDC -VSC 

would have over a part of the European power grid. The analysis was carried at the 220 -

00 kV voltage level and demonstrated the reduction of congestion by replacing several 

HVAC lin es with HVDC -VSC. 

2.1.2.3 VSC vs LCC  

The choice for the type of the HVDC technology holds on the quantity of transmitted 

power, on the degree of control required and on the price. LCC is a mature technology 

which a long use. VSC is still in developing phas e with potential for improvement. VSC is 

more expensive due to the equipment  in the conversion station. VSC conversion stations 

have higher losses (1.8 -3%) than LCC (0.5 -1).  

As there is no grounding  VSC technology is by its nature bipolar. The drawback is that in 

the case of a failure or during the maintenance periods the systems must be completely 

shut down with no possibility to diverge the current through another pole and 

maintaining at least partially the functioning.  

For the moment VSC has a series of limitations regarding the power capacity (200 MW) 

and the maximum voltage which makes them suitable for power transmission produced 

by wind farms. It is out of question for the moment to speak about a long distance and 

high capacity VSC HVDC interconnectio n but this technology should be followed closely in 

the years to come since it may at some point compete with classic HVDC.  

2.2 Multi - terminal DC systems  

The majority of HVDC systems built by now are point - to -point. Of these, most of them 

are unidirectiona l conceived to transfer large quantities of electricity from a high capacity 

power plant to the consumer centres with high demand. Most of the lines built in the last 

period in China, India, Brazil and many others belong to this category as well as most of  

the lines planned or being under construction in China. HVDC cables that bring the 

electricity produced by offshore wind farms on shore belong to the same category. A 

relatively reduced number of point - to -point systems allow a double flow of power. These 

are conceived for mutual power exchange between two countries and take the form of 

HVDC submarine power cables. Such systems can be found in larger number in Europe 

but also in North America, Japan and Australia. Generally these systems consist out of a 

OHL or cable connected at both ends to a converter station which at their turn can be 

connected to a power plant or a AC grid.  
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There are a small number of systems that consist of more than two converter stations 

and which allow power injection or power pull at other places than the two ends. These 

are the multi - terminal systems and there are only three of them worldwide: SAPEI in 

Europe (Italy -France), Quebec -New England in North America (Canada -US) and 

Zhoushan in Asia (China). The complexity of such systems  considerably increases in 

order to ensure their stability.  

Multi - terminal systems are used in a series of cases when it is necessary or more 

advantageous that the electricity produced to be collected or distributed through more 

points. Few examples below could clarify these situations:  

¶ The transmission of a large quantity of electricity produced by many power plants 

and its distribution to many consumption centres. Each power plant would be 

connected to a rectifier substation and for each exit there would be an invertor. 

In this case the line would be common and it avoids building many parallel 

transmission lines. The losses would drop by eliminating the duplicate lines. There 

no more need for AC collector at the generation end which gives the turbine (in 

case of a hydropower plant) the freedom to spin at a speed independent from the 

systemôs frequency. 

¶ Connecting asynchronous AC systems. This can be done through point - to -point 

links but in this case the systems can interact only as a pair. When more than tw o 

systems are involved the multi - terminal systems could be the optimal solution.  

¶ Reinforcing heavily loaded AC grids through multiple connecting points.  

Multi - terminal systems can be configured as in series or as in parallel (Fig. 6).  
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Fig. 6 ï Multi - terminal DC systems in a) series, b) in parallel radial and c) in parallel 

mesh  

In series configuration offers more power leverage while the one in parallel allows a 

gradually development according to the increase of power. The main issues for the in 

series systems are the losses in line and isolation. The line failures stop the in series 

systems while the unaffected lines and converter stations continue to run in parallel 

systems.  

In series systems are suited for tap ratings less than 20% from the power of the main 

inverter. In parallel systems are adaptable according to the needs and will probably be 

very much used in future. There are however a set of issues linked to the power flow 

which have to be solved before these systems to become common . 

Given the technical characteristics the VSC are well suited for multi - terminal 

configuration due to their high capabilities of power control.  

2.3 DC vs AC  

The electric current is transmitted under two forms: alternating current (AC) and direct 

current (D C). The choice for the type of current holds on three factors:  

¶ Cost (investment and operation)  

¶ Technical performances  

¶ Reliability  
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Depending on the situation and the required conditions all these factors can contribute in 

choosing the type of current used o r one of them can become decisive.  

2.3.1 Technical performances  

DC systems present a series of advantages that are not found in AC. These hold 

especially on control and stability. The converter permits total control of power 

transmitted.  

 The voltage contr ol in AC systems is more complicated and implies the adjustment of 

reactive power as the line becomes more loaded. This becomes more necessary with the 

increase of the line length. For this reason, the AC line must be compensated for long 

distances at regu lar intervals which means bigger problems for underground or 

submarine cables. In Line Commutated Converters (LCC) DC systems it is also necessary 

to control the reactive power but the line does not require additional reactive power to 

maintain the voltage . 

The power fluctuations in AC systems lead to frequency fluctuation which in turn 

increases the risk of failure and can transmit the perturbations to its neighbouring 

systems. When AC systems operate at different frequencies they cannot be directly 

couple d. This can be done only through DC bridges (Back - to -Back ï B2B or distance 

interconnections). In these cases the DC system permits the control of power transfer 

from one AC system to another.  

AC systems have however a series of advantages among which, the  most important one 

is the easiness of changing the voltage level using the transformers. For bulk electricity 

transmission over long distances high voltages are used while for distribution to small 

power industrial or household consumers low voltage is us ed.  

DC systems have on their side a series of drawbacks which hold mainly of:  

¶ difficulty to break the current which leads to higher costs for DC breakers  

¶ impossibility to use the transformers to increase or decrease the voltage  

¶ generating harmonics which n ecessitates the use of AC and DC filters which leads 

to supplementary costs  

¶ increase in control complexity.  

2.3.2 Reliability  

The reliability of DC systems outperforms the one of AC, especially after the introduction 

of thyristor valves, when it can reach 95%. In most of the cases the DC equipment has a 

lower failure rate (9 to 147 years). The most vulnerable parts are the transmission 

poles, with a failure rate of 1.25 years/100 km, but they are common to the AC systems 

as well.  

HVDC systems have the advan tage that the power can be quickly controlled while 

through the use of microprocessors the operation can be automatized.  

2.3.3 Failures and protection measures  

HVDC systems can be affected by failures triggered by various causes, but the most 

common are:  

¶ faulty functioning of the controllers or equipment in general;  

¶ insulation deterioration due to external actions (lightning, pollution).  

The deteriorations can stop the functioning of DC systems but they can also lead to an 

abnormal operation forming over cu rrents and over voltage which stress the equipment 

and drive them out of operation. Special attention must be paid to the valves which need 

particular protection against high temperature caused by the high losses produced by 

over voltages.  
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Some failures co uld be eliminated through technological development as it is the case for 

the backfire arcs specific to the mercury valves through which the core of the 

transformers suffered major deteriorations. Modern converters do not use any longer 

mercury arcs.  

Other  failures that can affect the convertersô equipment are arc through in the inverter 

stations and misfire which if are transitory do not produce damage to the equipment or 

abnormalities in functioning.  

The dirt deposited on conductors and isolators on the p oles are usually washed off by the 

stronger rains but the fog and dew can cause the dirt accretions to trigger flashovers. 

The solution is to operate the line at lower voltages.  

2.3.4 Cost  

The total cost can be split in the cost needed to build the infrast ructure and the cost 

needed to operate the system once it is functional. The investment cost considers the 

poles, the conductors and insulation, converter stations as well as the right to use the 

transmission couloir (right -of -way ï ROW). The operational c ost involves especially the 

losses impact financially expressed.  

The size of the ROW is different between AC and DC and this can lead to an important 

difference in costs especially when crossing densely populated areas with a high value of 

the land. For th e same power capacity the DC ROWs can be half of the width of the ACs 

(Fig. 7).  

 

Fig. 7 ï Comparative size of AC and DC ROW  

Considering the conductor and the insulation types the same for AC and DC it is noted 

that for the same voltage a DC line needs two  conductors in comparison with three for 

AC. This translates into narrower ROWs, less material needed for the poles, conductor 

and insulators.  

DC uses the diameter of the conductor differently than AC. AC tends to use only the 

peripheral part of the conduc tor (skin effect) while DC uses the entire section of it. Thus, 
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for the same diameter of the conductor DC transmits 30 -40% more electricity than AC 

which makes DC more efficient than AC and so the cost of the electricity unit transmitted 

is lesser.  

The los ses are also lesser by using two conductors (DC) instead of three (AC). The DC 

losses are 2/3 from those of AC. For very long lines of hundreds or thousands of 

kilometres the losses in AC lines become important.  

The need for converters and filters makes th e DC systems more costly. However, the 

lesser losses make them attractive for longer distances. The break -even distance is 

between 500 -800 km for overhead lines (OHL) and 50 km for submarine cables, with AC 

being profitable under this distance and DC above  it (Fig. 8).  

 

Fig. 8 ï Cost variation vs distance for AC and DC systems (from http://electrical -

engineering -portal.com/analysing - the -costs -of - high -voltage -direct -current -hvdc -

transmissionhttp:/electrical -engineering -portal.com )  

The initial investment cos t is higher for DC systems since the conversion stations are 

very costly. The cost for the transmission line is lower for DC because the smaller 

quantity of conductor and the simpler and lighter poles needed. The losses increase 

however quickly with the le ngth of the line which makes the operation of DC lines 

cheaper in time than AC ones for the same capacity.  

2.3.5 Parallel use of AC and DC  

The comparison between AC and DC highlights some applications where DC use is 

preferable:  

¶ transmission of a large qua ntity of electricity over long distances;  

¶ submarine and underground power cables;  

¶ interconnection of asynchronous AC systems or operating at different 

frequencies;  

¶ interconnection of AC systems where the independent control of each system is 

sought;  

¶ contro l and power flow soothing in AC links.  

In two first cases the economic advantages of DC are obvious if the break -even distance 

is taken into  consideration. The losses per unit length are lesser in case of DC 

transmission than AC. This is more noticeable in  case of submarine and underground 

power cables where the insulator plays a major limiting role, acting as a capacitor which 

become charged and absorb electricity. Therefore, for distances beyond ca. 80 km only 
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DC technology is used for submarine and under ground power cables. The calculated 

losses in these cases are ca. 0,9%/100 km and ca. 1,5% in conversion stations (both 

taken together).  

The superior control capabilities of DC systems make this technology indispensable in 

interconnecting AC systems irresp ectively of the nature of differences and even when the 

distance between them is short as it is the case for the numerous B2B links. The 

alternative would be strengthening the AC grids that are in contact.  

Under disturbance conditions, the power flows can migrate uncontrolled from a system 

to another which can lead to overload and instability and can endanger the systemôs 

stability. These situations can be avoided or minimized by using and strategically placing 

DC links between AC systems.  

Although lately t he DC technology is more and more used there are no signs that it will 

replace the AC one in during the foreseeable future. The impossibility to modify the 

voltage is a strong impediment against an utterly use of DC. Also, the DC technology has 

impelled th e improvement of AC systems performances which makes them rather 

complementary than concurrent. DC technology will continue to develop and to become 

progressively used for the aforementioned applications.  

Under special conditions given by the right -of -way (ROW) restrictions, the AC and DC 

lines/wires/conductors can operate in parallel, sometimes on the same pole. 

Interferences can emerge, especially from the AC current and voltage superimposition 

over the DC but also the other way around. This could lead to  the transformer saturation 

but it can be avoided by restricting the fundamental frequency current and DC filters 

usage. There are also interferences of the ionized fields between the conductors of the 

both systems placed on the same pole, when the ionized  fields resulted from DC  

2.4 HVDC industry  

HVDC technology will be much more used in the decades to come to transmit electricity. 

This will happen not only because of the advantages offered by the higher capacity, 

lesser losses or enhanced and finer contr ol of the DC systems in comparison with AC 

ones, but also because more and more power generating sources which will enter in 

operation are located at long distances from the consumption centres. This trend is 

already visible now in China and Brazil where t he HVDC projects are usually linked to 

high power hydropower plants and in Europe where they serve the transmission of 

offshore wind -produced electricity to the shore.  

2.4.1 HVDC equipment manufacturers  

The first companies that made the leap from experimen tal work to major commercial 

projects were the ones in Europe. It is worth mentioning here the Swedish electric 

company ASEA  which installed in 1954 the first HVDC monopolar link between the island 

of Gotland and mainland as a submarine cable. This event c ould be considered the act of 

birth of commercial HVDC technology. There were previous tries and experiments as the 

line and system produced by Siemens and AEG in 1940s in Germany which was 

subsequently dismantled and transported to former USSR and install ed there. ASEA was 

the main HVDC equipment producer in the world and a pioneer in technology innovation 

and development. It still continues to be a big player in HVDC projects worldwide but 

after 1988 under the name of ABB , when ASEA merged the Swiss compa ny Brown, 

Boveri & Cie (BBC). ABB is the worldôs largest builder of electricity grids in general. Since 

its formation it executed more than 50 HVDC interconnections worldwide alone or in 

collaboration. It contributes to HVDC systems with transformers, swit chgear, circuit 

breakers and converters but it also offers turnkey projects. ABB has hundreds of 

factories around the world and is present in more than 100 countries with offices and 

contact points. ABB established R&D centres and equipment factories in Ch ina, both in 

Chongqing, one producing electric transformers.  
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Siemens is another big name in the industry which started its HVDC operations in 1980s 

but only after 2000 has seen a wider involvement in projects worldwide. It started first 

with projects in co llaboration with other companies in North America, Asia and Europe 

while later on it provided the converter parts for a high number of submarine 

interconnections in Europe. It has been involved in more than 40 HVDC projects 

worldwide.  

During the last decad e the China Electric Power Research Institute  (C-EPRI) has 

been developing HVDC technology and designed and assisted building numerous HVDC 

systems in China. Since 2014 the institute has been fully reorganized and it has given 

the task to design and build the HVDC grid of the country. It is a subsidiary of the 

national transmission system operator State Grid Corporation of China. It has been 

involved in more than 25 major HVDC projects and it is still involved in designing and 

building of more than a dozen of similar or bigger projects in China. The company has 

also ambitions to bid for overseas HVDC projects as the latest proposal for the Brazilian 

Monte Hydropower UHV Transmission.  

Over the years and regionally other electric equipment producing companies developed 

or have been involved in HVDC projects. In the last years Alstom/General Electric  

(GE) is involved in several HVDC projects in Asia and Europe. Locally, a consortium 

composed by Hitachi  and Toshiba  built the two HVDC interconnections lines and th e 

four B2B stations in Japan. The HVDC interconnections in India were partly designed and 

built by the Indian company Bharat Heavy Electricals  (BHEL).  

The field of submarine and underground cables for HVDC uses is dominated by 

Prysmian  and Nexans  which con tributed to most of the HVDC interconnections of the 

kind.  

2.4.2 HVDC interconnection operators  

There are various arrangements to manage and operate an HVDC system. In the past 

these systems were built by the integrated transmission system operators of the  

concerned countries and belonged to them. Lately, private entities initiate the 

construction of such systems which is usually the case in USA.  

Depending largely on the country and on the (general) economic system or on the 

energy regulations the entities managing and operating an HVDC system could run from 

fully state owned (as in China) to fully private ones (as in USA). In USA the practice is 

that a subsidiary of the regional grid operator is purposely created to take care of the 

operational role of the HVDC link.  

When the HVDC system is found in only one country, which is the case for most of them, 

the operator is usually one entity which can be the state -owned TSO or private TSO, or a 

subsidiary of it. In the case of international interconnections, as i s usually the case in 

Europe, the two sidesô TSOs contribute and form a dedicated entity to manage and 

operate the HVDC link. Their shares are usually 50 -50% but that can vary. At the 

moment State Grid Corporation of China is the owner and operator of the highest 

number of HVDC systems in the world.  

At the moment there are only four HVDC multi - terminal systems in the world: SAPEI in 

Italy -France, Pacific Intertie in USA, Hydro Quebec ï New England in Canada and 

Zhoushan in China but only one (SAPEI) spreads  over the territory of two states. In all 

cases the system is owned, managed and operated by only one entity ï the national TSO 

in case of Italy -France, China and Canada and a municipal department in case of USA.  

2.4.3 The cost of HVDC infrastructure  

The u se of DC technology is chosen when the advantages exceed the drawbacks in 

comparison especially with AC. Simplifying, one can say the cost of a DC link consists of 

the cost of the line and the cost of the converter station(s) which can be both reported 
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to the voltage level (Fig. 9). The voltage level gives also a measure of the losses. The 

losses drop with the rise of the voltage.  

 

Fig. 9 ï Cost of converter and line in relation to voltage (Padiyar, 2011)  

The cost of an HVDC s ystem varies widely according to its complexity, to its length (in 

case of a line or cable), the technology used, the type of environment (submarine or 

underground cable, overhead line) and also to the economic conditions under which the 

system is built wh ich differs from country to country. The overhead lines create a right -

of -way couloir where some activities are forbidden or reduced and so the crossed 

terrains lose value, which must be compensated and which raises the overall cost. The 

type of environmen t can heighten the cost if it involves removing hard and tall 

vegetation (forests) or crossing rough terrain (mountains)  (Pletka, Khangura, Rawlins, 

Waldren, & Wilson, 2014) . 

The costs for such infrastructures are usually large , in the range of hundreds of 

thousands of euros. The latest projects under construction or planned exceed ú1 billion 

or even ú2 billion. 

The total cost can be split in two main subordinate costs: the line/cable cost and the 

substations cost.  

The cost for an HVDC line is almost half the one for an HVAC line with the same 

parameters (voltage and capacity). Depending on many variables (conductor type, pillar 

type, width of ROV, environment) an average cost would rise at around ú1.8-2 mil/km. 

For an undergroun d or submarine cable the cost could be 3 -5 times higher.  

The terrain type can also heighten the costs proportionally with the obstacles or slope 

since it commands the type of building solution. The least costly terrains are the flat 

ones covered by desert or scrub or farmlands. A forested terrain could raise the cost 2 -3 

times more; rolling hills or mountains with 1.5 -2 times; urban areas with 1.5 times more 

(Pletka, Khangura, Rawlins, Waldren, & Wilson, 2014) . 

Substations costs  represent the highest share in the total cost of an HVDC 

interconnection. It depends largely on the voltage ratings and space requirements. The 

cost for a 500 or 600 kV HVDC substation which represents nowadays more or less the 

average voltage in HVDC pro jects is estimated at around ú350-400 million.  
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3 Central Asian countries  

3.1 Afghanistan  

Geographical traits  

Afghanistan is a predominantly mountainous country with an arid or semi -arid climate, 

landlocked, generally lacking resources which would enormou sly benefit of an access to 

a main power thoroughfare. The country is crossed along a SW -NE direction by a 

mountain chain bearing different names (Paropamisus, Koh - i-Baba and Hindukush) and 

which represents the state core of Afghanistan. The peripheral nor thern and southern 

zones delimited by this mountainous core are arid and sparsely populated except the 

lower area along Amu Daria River in north where a series of towns and villages are 

located at places where its tributaries leave the mountains before los ing their water into 

the arid area. Even the mountainous area is rather semi -arid the rainfall being 

insufficient to maintain forested vegetation, the ridges being covered with pastures. Only 

the bottom of the valleys is populated and cultivated based on r iversô water. The 

multitude of valleys and ridges with different orientations makes the communication 

extremely difficult between the different parts of the country which remain in part 

isolated linked by few modest roads.  

The southern part is dominated by  Dasht - i-Margo Desert crossed for more than 400 km 

by the Helmand River after it leaves the mountainous area. It loses gradually its water 

during and most of the years it doesnôt manage to reach the endoreic basin of Lake 

Sistan, its base level. The slope is gentle in these medium altitude plateaus. The area is 

arid with a high solar potential. Besides this high solar potential the Helmand area is also 

prized for its rich mineral resources supposed to be present in high quantities and 

concentrations, especi ally copper and iron. Besides these, large quantities of niobium, 

cobalt, gold and molybdenum are thought to exist there. The value of all exploitable 

mineral resources in the whole country is estimated at around USD 1 trillion (Riesen, 

2010) . The area is at the present controlled by the Taliban. The perspective to exploit 

these mineral resources brings into discussion the supplying with electricity of these 

activities which would ensure a high and constant consumption.  

The ethn ic diversity and the strategic position of the country as a pivot in a 

geographically dominant area made the country to be, during the last decades, subject 

to prolonged conflicts in order to control it. In such conditions, investments in any form 

of infra structure have been sporadic and inconsistent. Due to conflicts large regions of 

the country are unsafe, with stagnant and backward economy but a possible future 

exploitation of the mineral resources would reverse the present situation.  

Power generation an d consumption  

The (at least) apparent lacks of energy resources as well as the conflicts which grounded 

the country for the last 35 years make the energy sector to be under developed, 

incapable to constitute a premise for the country development. The long war years 

brought the intentional or collateral destruction of a great part of the generation or 

transmission infrastructure without subsequent investments for replacements, repairing, 

modernization or expansion (Malik, 2011) . These premises make that only slightly more 

than a third of the countryôs population to have access to electricity. Even in the capital, 

Kabul, only 70% of the population is 24 hours continuously supplied with electricity. The 

householdsô consumption forms the largest percentage from the total while the industry, 

services and agriculture contributing with less than a third.  

The bad state of the transmission and distribution grids, the oldness of the generators 

and the line overloading due to the high demand  compared with production make that 

the failures and blackouts to be frequent and un -programmed.  

The country has 300 MW installed while the demand climbs at 2000 MW. Approx. 1000 

MW are imported from the neighbours. The generation, transmission and distrib ution are 
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operated by Da Afghanistan Breshna Sherkat (DABS), under the control of Energy and 

Water Ministry.  

Hydro energy contributes with more than 80% to the total installed capacity and to the 

total electricity production the rest being covered by therm al plants (gas) and solar. 

Most of the hydro power plants have been built between 1950 and 1980. Many of them 

have seen their capacity dwindled due to degradation, turbines disposal without the 

necessary replacement or renovation. During the last years onl y one hydro power plant 

has been built, in the west, with a rather modest capacity (42 MW), of a mostly local 

importance. Most of the hydro power plants are located on the largest rivers in the 

mountainous area in east of the country. The countryôs hydropower potential is 

estimated at 23 GW (Ghalib, 2017) . 

Natural gas is the main natural resource exploited in Afghanistan and exported toward 

Uzbekistan via a pipeline. However, there is only one 35 years old gas - fired power plant,  

in Kabul with a rather modest capacity (42 MW).  

Given the rough landscape which forms a serious barrier against an easy building of a 

unitary power grid (potentiated by the long conflicts), a (at least intermediary) solution 

would be the establishment of the local isolated grids, served by small capacity 

generators. This has already started to happen through the use of micro -hydro power 

plants and diesel generators which serve locally and through the use of the PV panels by 

the families/households.  

The pow er grid  

The countryôs transmission power grid is underdeveloped and serves just a fraction of 

population. Large parts of the country are not reached by the transmission power grid 

the electricity being produced locally and distributed through small isolate d local grids. 

In fact there is no unitary power grid but four regional grids isolated from each other.  

Afghanistanôs rugged landscape poses serious problems of movement and 

communication among different regions of the country. Building a power transmissio n 

infrastructure requires a series of physical barriers to be overcome which is costly to 

achieve even for political and economic stable countries (e.g. Tajikistan, a similar 

country in terms of physical environment is still not able to serve all its regio ns with the 

national power grid and has to rely regionally on its neighboursô imports). 

Afghanistan interconnected its power grid with the one of Uzbekistan during the last 

decade through a 220 kV line and 300 MW capacity which covers a large part of Kabul ôs 

consumption. This is also the only high voltage line in the country serving its northern 

region. An isolated local 110 kV grid exists around Kandahar in the south. The western 

area centred on Herat is served by extensions of the Iranian and Turkmen grid s.  

The losses in the network (technical and commercial) reach 45%. This high figure is due 

to the bad state of the transmission and distribution grid but also to the lax regulations 

regarding the control and connection to the grid which are insufficiently imposed.  

The development plans include the realization of a ring -shaped grid of 220 kV to connect 

the most important urban areas of Afghanistan and from which upshots emerge to more 

populous and higher consumption zones.  

Regionally a series of projects (CA SA-1000, TAP) propose the integration of the 

neighbouring countries (Turkmenistan, Kyrgyzstan, Tajikistan, Afghanistan and Pakistan) 

through several high voltage (500 kV) and high capacity lines (Ghalib, 2017)  (FICHTNER 

GmbH & Co. KG, 2013)  by which the electricity produced by Kyrgyzstan, Tajikistan and 

Turkmenistan is shied to and consumed by Afghanistan and Pakistan. The plans include 

also building a 1000 kV HVDC line to cross the country.  
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3.2 Az erbaijan  

Geographical traits  

It is the easternmost country from the Transcaucasia group and has access to the 

Caspian Sea. Its territory is wedged between Greater Caucasus Mountains in north and 

Lesser Caucasus Mountains in south. Between the two mountain chains the valley of 

Kura and the homonym plain is located. Kura reaches the Caspian Sea south the capital, 

Baku.  In its lower sector the valley opens widely turning into a plain. In its western 

upper sector although narrower the valley is still wide enou gh to act as an important 

communication channel with the west followed numerous roads, railroads and pipelines. 

The mountain climate ensures a year round river flow. The high hydropower potential is 

partly used.  

The country holds important hydrocarbon reso urces, especially in the Caspian Sea, which 

are intensively exploited, the country being an important exporter.  

The ethnical and confessional mosaic in the region gave birth to tensions which led to 

open conflicts. Both Azerbaijan and its neighbour Armenia  claim territories from each 

other. The western mountainous part of the country is inhabited by Armenian ethnics ï 

Nagorno Karabakh which has autonomous status inside Azerbaijan. It is however claimed 

by Armenia whose army controls the region. The conflict  is presently frozen with 

periodical isolated escalations.  

Power generation and consumption  

The generation, transmission, distribution and wholesale of electricity in Azerbaijan are 

controlled by the state - run company Azerenerji which holds the monopoly in  this this 

domain.  

Due to the rich gas reserves and the favourable topography and hydrography the 

installed generation capacity reflects these resources. More than 80% from the total 

installed capacity of 7 GW is found in thermal power plants, the rest goe s to hydro. With 

all these, 94% of the electricity produced comes from thermal power plants and the rest 

6% from hydro. Most of the hydropower plants are located in the west of the country, 

including Nahicevan exclave, while the gas - fired power plants tend  to group in the east.  

The country is able to cover its own consumption and even export electricity to Russia, 

Turkey and Georgia. The main consumer is the industry (60%) along with the service 

sector (Energy Charter Secretariat,  2011) . Almost all households have access to 

electricity which is delivered under an acceptable quality. The industry is foreseen to be 

the future engine of the consumption increase.  

The generation capacity is undergoing a modernization process during th e last years 

which will increase the plants efficiency. The abundance of gas and oil reserves orients 

and plans the future generation capacities which will be built mostly as thermal units. 

The plans for building RES capacities (wind and solar) are rather minor (400 MW) in 

comparison with the total capacity (Fichtner, 2013) . 

The power grid  

The transmission and distribution grids are operated by Azerenerji which holds the 

monopoly on the electricity market. The distribution in Ba ku and around is ensured by 

Baku Electric Grid JSC. The grid is well represented both at the transmission (10000 km) 

and distribution level, uniformly covering all the regions of the country (Fig. 10). The  

frame of the grid is formed by the 220 and 330 kV lines and by a 500 kV line (Fichtner, 

2013) . 
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Fig 10 ï Power grid of Azerbaijan  ( from  Wikimedia Commons )  

The majority of the generating capacities are found in the west of the country (80%) 

while the largest consumption occurs  in the east (70%) where the capital, Baku, lies. To 

balance the generation and consumption a series of west to east lines have been built 

acting as a real power transmission backbone of the country. Between the largest hydro 

power plant at Mingachevir in west and Baku in east, a 330 kV and a 500 kV lines have 

been built in parallel. The 330 kV line continues westward in Georgia along with a 110 kV 

one. Transmission lines of 330 kV go towards Russia in north and Iran in south.  

There is no direct connection with the Nahicevan exclave which is connected to Turkeyôs 

and Iranôs grids. The interconnections with Armenia have been cut due to the political 

and military conflict.  

The communication favourable topography along the longitudinal mountainous Trans -

Caucasi an couloir Kura -Rioni has made it followed by multiple communications means 

from roads and railways to power lines and gas pipes.  

The transmission power system dates back to the 1950s and 1960s but due to 

investment started after 2009 several lines have be en modernized greatly improving the 

quality of power supply. With all this there still are old lines especially at the distribution 

level (below 35 kV) where the losses reach 15% (Energy Charter Secretariat, 2011) . 
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3.3 China  

Geographical traits  

China covers a huge area of more than 9,5 mil km 2 (3 rd  place in the world) occupying the 

eastern part of the Euro -Asian continental block with a large access to the bordering 

seas of the Western Pacific Ocean (Yellow Sea, East China Sea , South China Sea). It is in 

the meantime the most populous country in the world with more than 1,4 billion 

inhabitants experiencing during the last two decades an accentuated economic growth.  

The countryôs large area offers a generous variety of landscapes but one can distinguish 

the eastern part of the country superimposed over the Great Chinese Plain built by the 

sediments carried by the two great rivers that cross it: Huang He and Yangtze and the 

western part, generally mountainous or covered by arid pl ateaus. Most of the population 

flocks within the eastern part with one of the highest densities in the world. The western 

part is much sparsely inhabited but possessing rich energy resources (hydro, solar, 

wind), fuel (coal, oil, gas) or mineral (metals).  

In our approach we will tackle mostly the western part where most of the resources are 

located and which may present interest for a HVDC line to Europe. There are two regions 

in this respect which hold special interest: the north -west mainly overlaid by th e 

autonomous province of Xingjian and the central -south covered by Yunnan and Sichuan 

provinces.  

The north -west area, mainly identified with the province of Xinjiang, consists of an 

alternation of plateaus mostly arid, traversed in their central part by th e Tian Shan 

Mountains with its ridges oriented east -west reaching heights of 7400 m. The southern 

part is occupied by the Tarim Depression host for the Taklimakan Desert while the 

northern part holds the Dzungaria Basin. Tarim Depression is closed around b y tall 

mountains except on the eastern side where there is a large opening towards the 

eastern plateaus. Its fortress configuration, along with the arid climate and lack of 

vegetation has discouraged the population settlements. The few settlements found ar e 

located at the border with the mountains ridges where the rivers still hold water before it 

is lost in the desert. The weak economic activity as well as the difficulty of ñgetting outò 

from the depression renders this area into one to be avoided for HVDC  infrastructure 

building.  

Not the same thing can be said about the northern compartment covered by Dzungaria 

Basin.  Although the climate is rather arid the region is widely open to the east and to 

the west through a series of ñgatesò insinuated through the mountain ridges which were 

used as migratory routes since ancient times. Among these the most important one is 

the Dzungarian Gate which is nowadays used as the main communication link between 

China and Kazakhstan.  

The zone is overlaid, as mentioned befo re, by the Autonomous Region of Xinjiang 

Uyghur, populated by approx. 22 mil inhabitants, half of them Uyghur. During the last 

decades the ethnic proportion dramatically changed with the arrival in great number of 

the Chinese Han ethnics to fill the jobs c reated especially in the mining industry and 

government. Locally there is an underground movement to promote the regionôs 

independence backed by the Uyghur ethnics.  

Power generation and consumption  

China is the second economy in the world with a steady gro wth rate which only lately 

softened. The electricity demand is also among the highest in the world growing in 

average with 2,5 -3% annually. The size of the economy and its growth made China to be 

since 2011 the first electricity producer in the world, reac hing in 2016 a production of 6 

TWh. The installed generation capacity sums 1505 GW and the peak load exceeds 650 

GW.  
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Following the 2002 energy reform the generation, transmission and distribution are 

unbundled with new and different companies taking care o f each domain. The generation 

is covered by five such companies.  

A large part of the electricity (66%) is produced in thermal power plants running on coal 

but during the last years the share of renewable generation has greatly increased. China 

is also the home for one of the largest hydro power plants in the world: Three Gorges 

Dam on Yangtze River with 22500 MW, the largest in the world (the next one by capacity 

is Itaipú  Dam between Brazil and Paraguay with 14000 MW), Xiluodu on the middle 

course of Yangt ze River with 13860 MW and three more plants with capacities over 5800 

MW (Xiangjiaba, Longtan and Nuozhadu Dam), all of them on rivers in the southern part 

of the country. Besides hydro power plants China plans to build new nuclear reactors 

especially in the eastern coastal zones close to the big load centres avoiding such the 

long transmission. In order to cope with the growing demand several nuclear reactors 

are planned to be built close to the urban centres in interior China, many along the 

Yangtze Rive r (Fig. 11). More nuclear power plants mean a reduced need for (HVDC) 

long transmission lines.  

 

Fig. 11 ï Nuclear plants in China (Source: http://www.jsm.or.jp/)  

The country is rich in energy sources and a sizeable part is already brought into use but 

an even larger potential both in conventional fossil sources (coal ï Fig. 12) as well as in 

renewable sources (hydro ï Fig. 13, solar, wind) is still waiting for exploitation. The main 

problem that China faces is a geographical  mismatch between the location o f the 

resources and of the load centres which is very much amplified by the size of the 

country. Building a power transmission or transportation infrastructure requires a 

substantial effort. The distance between the energy base and the consumption centres 

measures 800 -3500 km.  
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Fig. 12 ï Coal reserves in China (Liu Z. , 2015)  

 

Fig. 13 ï Hydropower reserves in China (Liu Z. , 2015)  

Two thirds of the energy sources (wind, solar, coal) are located i n the north or west of 

the country. Around 80% of its hydro potential is located in the south -west. With all its 

huge coal reserves, China is not able to exploit them swiftly enough to be used by the 

generating capacities because of the steady growing dema nd and also because of the 

issues related to their transportation to the power plants (slow and insufficient capacity 

against the demand). An additional problem is posed by the increasing pollution in the 

densely populated areas. Therefore, in some cases t he solution found was to build the 

coal - fired power plants close to the coal reserves, located in sparsely populated areas 

and transmission of the electricity using HVDC lines.  

Although rich in renewable sources (wind and solar), as mentioned before, China  had to 

reduce during the last years the rate of installing new wind and solar generating 

capacities because of the insufficient capabilities of the grid to take the power surplus. 

This leaded to curtail a big part of the electricity produced by wind and s olar.  

At the moment the power generating sector is oversized comparing with the demand 

sector by 20 -25%. Part of the situation can be explained by a reducing growth of the 

consumption due to a general trend of reducing economic growth in parallel with 
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inst alling new generating capacities especially in the renewable sector. Part of the 

problem is found in the grid limitation regarding electricity intake especially from the 

highly variable wind -produced one.  

In order to favour ñgreen energyò China has recently adopted a norm which imposes a 

minimum 5% of electricity to come from renewable sources.  

The power grid  

China has a vast power transmission and distribution network, denser in the eastern part 

of the country which is also the most populous and most econ omically developed. There 

is no unitary national power grid but six regional synchronized grids (Fig. 14). The links 

between them have small capacity and do not allow important exchanges of electricity 

which can cause a failure to affect large areas.  

 

Fig. 14 ï The power grid of China (from www.geni.org)  

The high voltage transmission is managed by two companies: State Grid Corporation of 

China (SGCC) which covers almost the entire area of the country with the exception of 

the southern part which is operate d by China South Power Grid (CSPG). SGCC is the 

largest utility company in the world with US$ 330b income/assets and 1 mil employees 

in 2016. It is a Chinese state -owned company. It operates and controls more than 655 

thousands km of high voltage lines and  a substationsô capacity of 2,4 mil MVA. Its main 

aim is building power links between the regions based on a macro -economic plan. SGCC 

has requested US$ 250b for power grid modernization till 2020 in order to spatially 

balance the generation and consumptio n. CSPG is an off - shot separated from SGCC in 

2002 once with the Chinese power sector restructuration when new reforms were 

adopted aiming at increasing the competition.  

The majority of energy resources are found in the western and northern part of the 

cou ntry while most of the population and economic activities lie in the south and east 

which creates long distances to be covered for bringing the fuel (coal) or the electricity.  

The Chinese power grid consists of two voltage levels with their maximum values of 

1000 kV and 750 kV respectively. These together with the 110, 220, 330 and 500 kV 

form the backbone of the national transmission power grid.  

China has a well -developed power grid with high voltage transmission lines that start 

especially in the western and southwestern part of the country, linked to the powerful 

hydropower plants and head towards the high consumption centres in the east (Beijing, 


















































































































































