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Introduction

The ABS estimate of the total T&D equipment market in 2009 was US$104 billion (in 2009 $) for the
nine segments, including all products and systems. Total capital expenditure including labour and all
other finance and construction elements was US$184 billion. We have revised the estimate for 2008
slightly for several countries and substantially for China, in the light of data now available but not at
the time of the previous estimates. China is now a very important part of the market and requires
special attention because it can distort understanding of demand.

Chinese demand is now so large that it has an enormous impact on the global market size. In 2008 it
accounted for 27% of the total of global capital T&D expenditure, 31% in 2009 but in 2010 shrunk to
24%. The total capex of State Grid of China and Southern Power Grid Company of China amounted to
RMB 336 billion in 2008, leaped to RMB 393 billion in 2009 but dropped by 20% in 2010.

The over-riding need for investment in transmission systems which have been starved of funds for
years, the drive for energy efficiency and fiscal stimulus programmes in many countries have so far
kept the market reasonably buoyant. The time frame has been advanced to 2015, with transmission
and distribution lines lengths and transformer capacity recorded historically from 1970 to 2009, and
forecast to 2015. Capex and T&D equipment demand are forecast annually to 2013. 2008 Figures have
been revised due to global recessionary effects.

This report is an expansion of the previous editions in its analysis of the market, adding new
categories. The following groups are contained in the report. Transformers, switchgear, cables,
uninsulated lines, insulators and fittings, HV towers, sub-stations, meters, utility automation and
power systems.

Report Scope

The report is a substantial document containing overall analysis of the transmission and distribution
systems, chapters dealing with each of 183 individual countries and the detailed statistical tables of
line lengths and system capacity. Capital expenditure and market sizes for 10 categories of T&D
equipment and business service are sized and forecast for each year from 2009 to 2015.

The report contains the following information:
Over 115 network maps.
e A series of tables detailing the international interconnections which are enhancing access to
generating capacity for many countries and optimising use of surplus capacity.
e The Power Pools now emerging around the world are outlined
e This new emphasis, assembling the network maps, information about the Power Pools and
details of interconnections, enables a more comprehensive understanding of the process of
interlinking national power systems globally.
e A detailed analysis of global transmission and distribution networks.
e The global transmission market is expanding not only internally but via linking the generating
capacity of different countries
e The report examines this country by country and projects growth annually until 2015
e A voltage analysis is provided where possible
e The report also looks at markets for transmission and distribution equipment examining total
capital expenditure and sizes individual markets for 8 categories of equipment and business
service



The markets are defined in 2 categories:

e A broader market of $104 billion for all products in 2009, equipment and services, with total
capex of $184 billion including construction, installation and finance costs

e A smaller more concentrated market for high tech products and added-value services
excluding cables and lines, which is estimated at $70 billion in 2009

e The report contains a detailed section for each country examining the T&D industry, its
structure, its size and the entities involved in it, up-dated to 2008

The most important finding of this edition of the ABS T&D Report is the extent to which the T&D
market is now recovering and repositioning itself after the first onslaught of the global financial crisis.
There are ups and downs but overall the T&D companies have reported good performances so far.
T&D has not suffered to the extent that generation and renewables have. This is partly due to the
high backlog resulting from the boom in orders during the last two years in countries like China, the
Middle East and India, which resulted in significantly increased levels of capital expenditure on T&D
in 2006 and 2007. In the previous report we predicted that this optimistic outlook would continue for
another five years. We have to admit that, in common with everyone else whom we have consulted,
we simply do not know what is going to happen, however, so far the market has been stronger than
some pessimists predicted.

The years 2006 and 2007 were significant for the world T&D. There was a real surge in business from
2005/06 to 2007/08 driven by development in China and other developing markets. At the same time
there have been increases in transmission capital expenditure allocations in all of the large mature
countries for replacement of aging assets. In China a very large budget ($153 billion including some
smaller regional power grids) was allocated over the five years of the 11th Five-Year Plan (2006-2010)
to the two large grid companies, the State Grid Corporation and Southern Power Grid but this has
been increased with the fiscal stimulus of 2009/2010. The combined T&D capital expenditure of the
five major European countries (France, Germany, Italy, Spain, UK), the USA, and the BRIC countries
(China, India, Russia, Brazil) accounts for two thirds of global T&D capex very consistently,
fluctuating between 64% and 67% annually from 2009 to 2015.

It has now been recognised that large amounts of the transmission and distribution infrastructure
have now reached their design lives of around 40 years of age or exceeded it and in mature countries
the emphasis has shifted from new installations to maintaining and replacing the existing aging assets.
There remains the need to expand transmission capacity to cope with increased inter-country
exchanges of power and wind power capacity in regions distant from load centres. In many
industrialised countries there is a backlog of under-investment to make up. There was a new
emphasis on refurbishment and retrofit instead of replacement. This remains the case but budgets
have been made available for increased expenditure on capital replacement. There is increasing
concern that while managing the assets is an efficient and cost effective way of extracting maximum
value from the assets, much of the infrastructure may be reaching a “point of no return” where
replacement is inevitable.

On other side of the world, for different reasons there has been a massive surge in T&D capex in
China and to a lesser extent in India. This started with the realisation that a Soviet style emphasis on
generation to the exclusion of T&D had created wasteful imbalances in the system and has been re-
emphasised by the Chinese government fiscal stimulus programme.

The industry is dominated by a handful of large companies, each of which has a strong presence in
the mature, traditional markets in the industrialised countries. Investment in the T&D segment of the
electrical industry has been sluggish for some years because of new and increasing competitive cost
pressures due to market liberalisation. The industrialised countries are all faced with the problem of
aging infrastructural assets to some degree or another, and this has reached such a point that late in
2005 operators and regulators changed tack and higher levels of capital expenditure investment were
sanctioned, on average rising 24% to 30% by 2008 and to be continued for some years. At the same
time, for different reasons, there was a huge surge in authorised T&D investment in the BRIC
countries. The industry leaders have long been present in China and to a lesser extent in India but
are now intensifying their efforts there and some are even talking about a strategic shift in the
centre of gravity of their activities from Europe and the US to China.
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» The tables in the Excel database include further analysis of voltage levels in individual countries.

The Database

NETWORK DATA

Transmission line lengths km

1. Installed line lengths km 1970-2015 (5 yrs)

2. Installed line lengths km 2009-2014(1 yr)

3. Annual new and 40 year old line lengths km 2009-2014 (1 yr)
Distribution line lengths km

4. Installed line lengths km 1970-2015 (5 yrs)

5. Installed line lengths km 2009-2014 (1 yr)

6. Annual new and 40 year old line lengths km 2009-2014 (1 yr)
System capacity MVA

7. Installed capacity MVA 1970-2015 (5 yrs)

8. Installed capacity MVA 2009-2014 (1 yr)

Voltage levels and underground/overhead lines

9. Analysis of voltage levels of T&D lines by km (snapshot

10. Analysis of underground/overhead lines by voltage and km
MARKET DATA

Market forecasts ($2009) annually from 2009 to 2014

11. T&D capital expenditure (including construction, labour, direct cost and finance)
12. Total T&D equipment market

13. Power and distribution transformers

14. Switchgear markets

15. Sub-stations

16. HV insulated cables

17. Overhead lines

18. Insulators, bushings and fittings

www.absenergyresearch.com
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21. Power systems (products sold in packages as systems)

19. EHV transmission towers

20. Utility automation

22. Meters

Price of report - £2,995

Price of report & excel database - £4,995

Price of database - £2,995

*For US Dollar and Euro prices please refer to www.absenergyresearch.com

*To purchase this report please complete the order form or for more information please contact:
info@absenergyresearch.com or call +44(0) 20 8432 6378

www.absenergyresearch.com




Table of Contents

1 Executive Summary

1.1
1.2

T&D Network Developments
International Transmission Developments

2 T&D Market Size and Evolution

2.1
2.2
2.3

Capital Expenditure and Operational Expenditure
Market Factors
Composition of construction cost

3  Major T&D Manufacturers

3.1

The Global T&D Companies

4  Origins of the Electrical Supply Industry

4.1

The Origins and Development of the Electrical Networks

5 International Transmission Grids

5.1
5.2
53
54
5.5
5.6
5.7
5.8
5.9
5.10
5.11
5.12
5.13
5.14
5.15
5.16
5.17
5.18
5.19
5.20
5.21
5.22
5.23
5.24
5.25

Europe

ETSO

CENTREL

NORDEL

BALTREL - Baltijos Ziedas - the Baltic Ring

UPS Unified Power Systems

BG/RO

SUDEL

Medring

The Middle East and North African Inter-Connectors
Middle East - Mashreq Arab Countries

North Africa

Pan-African Interconnection Plans

South African Power Pool (SAPP)

Economic Community of West African States (ECOWAS)
East Africa - Great Lakes Region

Americas —from North to South

Canada

United States

South of the Border

The Northern Triangle of Central America

South America Regional Energy Sector Integration
South Asian Association for Regional Cooperation (SAARC)
ASEAN Power Grid

Northeast Asia

Page 3 of 525

18

25
27

28

38
38
41

a3
43

49
49

59

59
63
64
65
67
68
70
71
72
73
75
76
79
81
84
85
86
86
88
91
92
95
96
97
99



6

5.26 Central Asian Grids

Underground Cables

6.1 The extent of underground cables
6.2 Available Technologies for Underground Cables
6.3 New Technological Developments

Europe

7.1 Albania

7.2  Austria

7.3  Belgium

7.4  Bulgaria

7.5 Croatia

7.6 Cyprus

7.7  Czech Republic
7.8 Denmark
7.9 Estonia

7.10 Finland

7.11 France

7.12 Germany
7.13 Greece

7.14 Hungary
7.15 Iceland

7.16 lIreland

7.17 ltaly

7.18 Latvia

7.19 Lithuania
7.20 Baltrel

7.21 Luxembourg
7.22 Macedonia
7.23 Malta

7.24 Netherlands
7.25 Norway
7.26 Poland

7.27 Portugal
7.28 Romania
7.29 Serbia and Montenegro
7.30 Slovakia
7.31 Slovenia
7.32 Spain

7.33 Sweden
7.34 Switzerland
7.35 Turkey

7.36 United Kingdom

Page 4 of 525

101

102

103
106
108

111

112
116
119
126
129
132
134
138
142
144
148
152
158
162
165
167
170
175
178
180
181
183
186
188
191
194
199
203
207
212
215
218
223
226
229
232



8

10

7.37 UNMIK Kosovo

CIS - Commonwealth of Independent States

8.1 Azerbaijan
8.2 Belarus

8.3 Georgia
8.4 Kazakhstan
8.5 Kyrgyzstan
8.6 Moldova
8.7 Russia

8.8 Tajikstan
8.9 Turkmenistan
8.10 Ukraine
8.11 Uzbekistan

Mahgreb — North Africa

9.1 Algeria
9.2 Egypt
9.3 Libya

9.4  Mauritania
9.5 Morocco
9.6 Sudan

9.7 Tunisia

Sub-Saharan Africa

10.1 Angola

10.2 Benin

10.3 Bophutatswana

10.4 Botswana

10.5 Burkina Faso

10.6 Burundi

10.7 Cameroon

10.8 Cape Verde

10.9 Central African Republic
10.10 Chad

10.11 Ciskei

10.12 Democratic Republic of the Congo (DRC)
10.13 Congo, Republic

10.14 Cote d’lvoire

10.15 Djibouti

10.16 Ethiopia

10.17 Gabon

10.18 Gambia

10.19 Ghana

Page 5 of 525

239

241

245
248
251
256
260
263
266
280
282
283
288

291

291
293
296
298
298
302
302

304

306
307
307
307
308
308
309
309
309
309
310
310
311
311
312
312
312
313
313



10.20 Guinea 315
10.21 Guinea-Bissau 315
10.22 Guinea Equatorial 315
10.23 Kenya 316
10.24 Lesotho 316
10.25 Liberia 316
10.26 Madagascar 317
10.27 Malawi 317
10.28 Mali 317
10.29 Mauritius 318
10.30 Namibia 318
10.31 Niger 319
10.32 Nigeria 319
10.33 Rwanda 319
10.34 Sao Tome & Principe 320
10.35 Senegal 320
10.36 Seychelles 320
10.37 Sierre Leone 320
10.38 Somalia 321
10.39 South Africa 321
10.40 Swaziland 324
10.41 Tanzania 325
10.42 Togo 328
10.43 Transkei 328
10.44 Uganda 328
10.45 Venda 328
10.46 Zambia 329
10.47 Zimbabwe 330
11 Middle East 332
11.1 Bahrain 332
11.2 Iran 332
11.3 Iraq 335
11.4 Israel 335
11.5 Jordan 335
11.6 Kuwait 336
11.7 Lebanon 336
11.8 Oman 337
11.9 Qatar 338
11.10 Saudi Arabia 339
11.11 Syria 342
11.12 UAE 343
11.13 Yemen 344

Page 6 of 525



12 ASEAN

12.1 Brunei
12.2 Cambodia
12.3 Indonesia
12.4 Laos

12.5 Malaysia
12.6 Sarawak
12.7 Sabah
12.8 Myanmar
12.9 Philippines
12.10 Singapore
12.11 Thailand
12.12 Vietnam

13 Pacific

13.1 Australia
13.2  Fiji

13.3 New Zealand
13.4 North Island
13.5 South Island

13.6 Papua New Guinea
13.7 Solomon Islands

13.8 Tonga
13.9 Western Samoa

14 South Asia - Indian Sub-Continent

14.1 Afghanistan
14.2 Bangladesh
14.3 Bhutan
14.4 India

14.5 Maldives
14.6 Nepal

14.7 Pakistan
14.8 Sri Lanka

15 East Asia

15.1 China

15.2 Hong Kong SAR
15.3 Macau SAR
15.4 Japan

15.5 Korea North
15.6 Mongolia

15.7 Taiwan

Page 7 of 525

346

346
346
349
352
355
357
357
357
358
362
363
366

372

372
375
375
377
378
378
378
379
379

380

380
382
384
386
397
397
399
402

403

403
420
421
422
426
431
433



16

17

18

South America

16.1 Argentina
16.2 Bolivia
16.3 Brazil
16.4 Chile
16.5 Colombia
16.6 Ecuador
16.7 French Guiana
16.8 Guyana
16.9 Paraguay
16.10 Peru
16.11 Surinam
16.12 Venezuela

Central America and the Caribbean

17.1 Bahamas

17.2 Barbados

17.3 Belize

17.4 Bermuda

17.5 Costa Rica

17.6 Cuba

17.7 Dominican Republic
17.8 El Salvador

17.9 Guatemala

17.10 Haiti

17.11 Honduras

17.12 Jamaica

17.13 Mexico

17.14 Netherlands Antilles
17.15 Nicaragua

17.16 Panama

17.17 Puerto Rico

17.18 St Lucia

17.19 Trinidad and Tobago

North America

18.1 Canada
18.2 USA

Page 8 of 525

436

436
439
441
447
449
451
452
452
453
454
456
458

460

460
460
460
460
461
462
462
463
465
466
467
467
468
470
470
471
472
472
473

474

474
488



ﬁBS Research

19

20

21

22

Market Forecasts
Methodology of Models and Forecasts
Sources

Transmission & Distribution System Forecasts

Page 9 of 525

519

521

524

525



List of Figures

Figure 2.1.
Figure 2.2.
Figure 2.3.
Figure 2.4.
Figure 3.1.

Figure 4.1.
Figure 5.1.
Figure 5.2.
Figure 5.3.
Figure 5.4.
Figure 5.5.

Figure 5.6.

Figure 5.7.
Figure 5.8.
Figure 5.9.

Figure 5.10.
Figure 5.11.
Figure 5.12.
Figure 5.13.
Figure 5.14.

Figure 5.15.
Figure 5.16.
Figure 5.17.
Figure 5.18.

Figure 5.19.
Figure 5.20.
Figure 5.21.
Figure 5.22.
Figure 5.23.

Figure 7.1.
Figure 7.2.

The growth of the world’s transmission networks, km from 1970 to 2015 .....29
The growth of the world’s distribution networks, km from 1970 to 2015...... 30
Total T&D equipment market by region, 2009 t0 2014 .........ccccccvvvveeeeeeeeienns 36
Total T&D equipment market by business sector, 2009 to 2014 ..................... 36
Global marketshares of power transmission and distribution companies,

2009 e e e e e — e e e e e ——— e e e ea——eeeeaataeaeeeaaaaeaeeearaeeeeaanraaaann 44
Age of transmission and distribution assets, Britain ........cccccovvveeeeeiieiccnnnnnen. 57
The Transmission System Operators in EUrOPE .......cccveeevviieeeiiniiiieeeesiiieee s 61
L8 = VL 2 =1 N 65
[N\ oTgo [ ol €] o To [FS U UPPPRURN 66
SUDEL SOUth East EUMOPE ......ceveiiiiiieeeiiiieeeceiiitee et ee s seee e s svee e e e e s e e s e 71
The European, Middle East and North African Interconnectors, North

Y ot SRS 72
Additional possible HVDC interconnections in the Euro-Mediterranean

[£=T=4To] o HR PR 73
Electricity exchanges in the Euro-Mediterranean region .........ccccccvveeeeeeeeinnnns 77
The future interconnections of Africa......ccccceeeiir i, 80
South African PoOwer POOl — WSt ........ueeeieeiieiieeeee et 82
South African Power POOl — EaSt......cccuveeeiiiiiiiieeeeeee et 83
South African Power POol — SOUth .........cooeiiiiiiiie e, 84
West African POWEE Glid ......coeeiiiieciiiieieeeee et e e e 85
Canadian HV long distance transmission liNeS........ccccceevvvieeeiviiieeeeccciiee e 87
Major International Interconnections (kV) between Canada and the USA

and Electricity Trade (GWh) 1999 .......cccuiiiiiiiieee et 88
Three interconnected trans mission regions of the USA .........ccccccoveeiiiiieeeeens 89
Vision 2030 for the US Transmission System in 2030.........cccceevvveeeeiiveeeeeennnen, 90
Interconnections between Mexico and the USA ........ccceveeeiiieciciiieeeeeee e, 91
Interconnection in Central America - Sistema de Interconexion Electrica

para America Central (SIEPAC)......ccciiieiie ettt e e e e eevae e s 94
Interconnections in SOUth AMETICA......ciiiiiiieeiriiiee et 96
The future ASEAN POWET Iid ....eeiiiiiiieeiiiiee ettt esree e e e saee e e 98
The Greater Mekong SUBIregioN .........ueviiiiiiiiiccee e 99
Potential inks in a Northeast Asian Power Grid.........ccccovveeeeeeieeiccciniieeeeeen, 100
Electricity Infrastructure in the CIS Central Asian Republics .........cccceeeunneennn. 101
Typical network structure in EUropean CoUNtries.....covcvveeeeeeeiccvvreeeeeeeeeeeeenns 111
Albanian transmission NETWOIK .........cccvvviiiiiiiieccceeee e e 115

Page 10 of 525



Figure 7.3.
Figure 7.4.
Figure 7.5.
Figure 7.6.
Figure 7.7.
Figure 7.8.
Figure 7.9.

Figure 7.10.
Figure 7.11.
Figure 7.12.
Figure 7.13.
Figure 7.14.
Figure 7.15.
Figure 7.16.
Figure 7.17.
Figure 7.18.
Figure 7.19.
Figure 7.20.
Figure 7.21.
Figure 7.22.
Figure 7.23.
Figure 7.24.
Figure 7.25.
Figure 7.26.
Figure 7.27.
Figure 7.28.
Figure 7.29.
Figure 7.30.
Figure 7.31.
Figure 7.32.
Figure 7.33.
Figure 7.34.
Figure 7.35.
Figure 7.36.
Figure 7.37.
Figure 7.38.
Figure 7.39.

Austrian high voltage transmission NETWOrK ..........cccceevvriieeeiiiiiieee e 118
Belgian high voltage transmission NEtWOrk .........ccccovvvvieeiiiciiee e, 121
Distribution areas in Belgium ........coocouiiiiiiiiiiiiiee e 122
Bosnia Herzegovina transmission networks and interconnections................. 125
Bulgarian transmission NETWOIK ..........eevevcuiieeiiiiiieeeeccieee e 128
Croatian transmisSion NETWOIK .......ceiveiiieeiiiiiiee e 131
Cyprus transmisSion NETWOIK.........eeeiieiiiieiiiiiee e 133
Czech transmisSion NETWOIK ..........eeiiviiiiieiiiiee e 137
Danish transmisSioN SYSTEM .......uiiiiiiiiieeiciiiee e saaee s 140
Estonian transmission NELWOIK........ccuueviiviiiiiiiiieee e 143
Finland high voltage transmission NetWOrk .........ccccoeeeviiveeeiiciieniccccrreeeeeee, 147
French transmission network of 225 kV and 400 kV lines........cccccccceeeeeivvennnn. 150
The German high voltage interconnected power system (220 kV and 380 kV)....154
German DNO network operators in 2000.........cccveeeeeeeeiecciinneereeeeeeeeeeeerrenes. 155
Greek transmisSion NETWOIK .......c.eeiiiiiiiiiiiiicee e 161
The Hungarian transmission NEtWOIK..........eeveveiieeeiiiiiiiee e 164
Iceland transmisSioN NETWOIK .......ccccuuiieiiiiiiii e 166
Irish transmisSioN NETWOIK ........uviiiiiiiiecce e 169
[talian 380 kV transmission NEtWOTK........coocueeerieieiiieeiieeeneceee e 172
220 kV transmission NETWOIK........coouiiiiiiiiiiieieiie e 173
Estonian, Latvian and Lithuanian connections with Russia and Belarus ........ 176
Lithuanian transmission NEtWOIK.........cceeiriieiiieiiiiee e 180
Macedonian transmission NETWOIK .........cccveeiieiiiiiiiiiiee e 185
Maltese transmisSioN NETWOIK........c.eeivueeirieeiiiee et 187
Netherlands transmission NETWOIK..........cooueeirieiiiieeeriieese e 190
Polish transmisSion NETWOTIK ........cocveeiiiiiiiiiiiieeeeee e 197
Polish distribution COMPaNY ar€as .......ccocccevreeeeeieeieicciireeeeee et e e 198
Portuguese transmission NETWOIK ........cocccvvveieiiieiieicceeeee e 202
Romanian transmission NETWOTIK .........cceeerieeiriieeiiee e 206
Serbia and Montenegro transmission network, including Kosovo ................. 210
Montenegro transmission NETWOTK ........ccccuvveeeiiiiiiiicceeeee e 211
Slovak transmission NETWOTK .........oovuieiriiiiiiiiiiieece e 214
Slovenian transMisSion NETWOTK .......c.eeiviiiiiiiiiiii e 217
Spanish transmission NETWOIK .......ccuvveeeeiiiiiiiiieeee e, 222
SWiSS TSO CONLIOl @r@aS.....eeeeeiieeiieeeite ettt sttt st 228
SWisSS transmisSioN NETWOIK ......cccueeiviieiriiiiiriie it 228
Turkish transmission NETWOTK ........ccueviiiiiiiiiiiie e 230

Page 11 of 525



Figure 7.40.
Figure 7.41.
Figure 7.42.
Figure 7.43.

Figure 8.1.
Figure 8.2.

Figure 8.3.
Figure 8.4.
Figure 8.5.
Figure 8.6.
Figure 8.7.
Figure 8.8.
Figure 8.9.

Figure 8.10.
Figure 8.11.
Figure 8.12.

Figure 8.13.
Figure 8.14.
Figure 8.15.
Figure 8.16.
Figure 8.17.
Figure 8.18.
Figure 8.19.
Figure 8.20.

Figure 9.1.

Figure 10.1.
Figure 10.2.
Figure 11.1.
Figure 11.2.
Figure 12.1.
Figure 12.2.
Figure 12.3.
Figure 12.4.
Figure 12.5.
Figure 12.6.
Figure 12.7.

Turkey’s electricity distribution companies and ares .........ccccccccvvveeveeeeeencnnns 231
UK £ransmisSion NETWOIK ......cccvveeiiriiiieeiiiieee e eeiree et e e eane e s savaee s 237
Geographical distribution of networks inthe UK ........ccocoeiiiieeiiiiiiiccnnee, 238
KOSOVO transmisSion NETWOIK .........cccuveieiriiiieiiiiieiee e e vaee s 240
Armenian transmisSion NETWOIK ........cceecuieeieiiiiee e eaee e 243
Main generators and interconnections between Armenia and

NEIgNDOUIING COUNLIIES coeiiieieeeee e e e e e 244
Azerbaijan's Transmission NETWOrK ..........oeeveiiiiiiiiiiiiieee e 247
Belarus transmission NEtWOIK.........ocuveiiiiiiiiiiiiiiieeeeeee e 249
The backbone of the Georgian Power System .......ccccccvveeeeiiieee e, 253
Power network of GEOrgia ......c.uuvveeeieiiieceeeeee e 254
Kazakhstan transmission NEtWOTK .........cooccveiiiiiiieiiniiiiieeiee e 259
Kyrgyzstan transmission NETWOIK .........cccccuviiiiieeie i 261
Moldova transmission and distribution Networks ..........ccceecuveeeiriiiieeennineeenn. 265
Territorial distrbution of the 4 MRSKS .........coiiviiiiiiiiiiiieeeeieeeeeeee e 269
Territorial distribution of 12 MRSKS........eiiviiiiiiiiiieecrieeee e 270
UPS/IPS - The electrical power system of the Russian Federation, major

plants and transmisSioN lINES........ccocuieiiiiiiiei e 271
AV o] =& TSP URRRROPPR 272
= L PP 272
N T g I o T=T 4 T TSP 273
NOFEN-WEST ...ttt e e e 273
SIDBIIA et 274
(617011 - | PSP UPPOPPPRRUPPPROPPO 275
Yo LU 1 USRS 276
Distribution Company Areas in RUSSIa......cccivvreeieeieiiiciirieeeeeee e eesenrreeeeeee e 278
Egypt transmission NETWOTK........eeeeviiiiiiiciireieeee e 295
AFriCan POWET POOIS ......ooiviiiiiiiieiiiee ettt s 306
Transmission network Tanzania, Uganda, Kenya........cccceeeeeeeeicinveeeeeeeeeeeeennnns 327
Transmission NEtWOrk of 11an ......oooueiiiiiiiiiee e 334
(0100t [l S 1=Tordq ol | oYU 338
Brunei transmisSion NETWOIK .......covveeiiieiiriieiiee et 346
Cambodia transmission NETWOTK .........covcuiiiiiiiiiiiiiiiieeeeee e 347
The Javanese transmission NETWOIK .........ccceeevieiriieeniieeerieeiee e 350
The Sumatran transmission NETWOrK ..........ceeevieiiiiiiniiie e 351
Philippines transmission NETWOTK ........cooccviiviiiiiii i 361
Thai transmisSSioN NEEWOIK .....cccuveiiiiiiiiie e 365
Transmission network 220 kV, 500 KV Vietnam ......ccccceeeeeeiceeeeeenns 368

Page 12 of 525



Figure 12.8.
Figure 14.1.

Figure 14.2.
Figure 14.3.
Figure 14.4.
Figure 14.5.
Figure 14.6.
Figure 14.7.
Figure 15.1.
Figure 15.2.
Figure 15.3.
Figure 15.4.
Figure 15.5.
Figure 15.6.
Figure 15.7.
Figure 15.8.
Figure 15.9.

Figure 15.10.
Figure 15.11.
Figure 15.12.
Figure 15.13.
Figure 15.14.
Figure 15.15.
Figure 15.16.

Figure 18.1.
Figure 18.2.
Figure 18.3.
Figure 18.4.
Figure 18.5.

Figure 18.6.

Servicing areas of the distribution companies in Vietham .........ccccecvveernnneen. 370
Afghanistan’s Existing, under Construction and Planned Transmission

I3 (= o ¢ N 381
Interconnections with Afghanistan and neighbouring countries ................... 381
Bangladesh transmission NEtWOrk .........cccevriiieiiiiii i, 383
Bhutan transmission and distribution NetWOrk .........ccccceevvriieeeiniiiieeeeniieeenn, 385
HV Transmission grid of India 750 kV and 440 kV.......cccovvveeeeiiieiccieereeeeee, 390
Nepal transmisSion NELWOIK .........eeeiiiiiiiciiiiiieeee e e e 398
Pakistan transmission NETWOIK ........cc.eeviiriiiieiiiiiiiiee e 401
The new structure of the Chinese electricity Sector.......ccccccvveeeviiieeeeccnnneenn. 405
Regional interconnections in China ........ccccuviiieiiii e 407
China transmisSion NETWOIK.......c.uviiiiiiiiieiiiee e 408
Installed capacity and maximum loads of the regional grids.........ccccceeeeee.n. 409
North China POWEer NetWOrK .......ccooviiiiiiriiiieiiriiieeeeeee et 410
Northeast POWETr NETWOIK .......uveeiiiiiiieiiiiiee ettt 412
NOFthWEST POWET Grid ....evviiiiiiiieeeiiieee ettt e e s e s sireee s 413
East China POWEr NEtWOrK......c..viiiiiiiieieeiiiee e 415
Shandong POWET GFid........ueeeeeiiieiiiiiieiee e e e e e e e e e e e e e nereneeas 417
South China Interconnected Power NetWOrK ........cceeevviiieeenniiieeeeiniiieee e, 418
Macau transmisSSioN NETWOIK........coviuvieeiiiiiieiiiiiiee et 422
Major trans mission links between service areas in Japan in 2003................. 426
North Korean transmission NEtWOrK.........ccueviiviiiiiiniiiieeeeniiee e 427
South Korean transmission NETWOrK ...........cccuveeieniiieeiniiiiieeeeieeeeeee e 430
Mongolian transmission and distribution networks .........cccccceeieieciiinnen . 432
Taiwan transmisSioN NETWOTIK ......covvveiiiiiiiiiiee et 435
Basic structure of the electrical System ......cccveeveeiiiiccce e, 489
US Interconnected electricity systems 2005.........ccoovccviiiieeeeeeeeecccccriireeeeee e, 491
NERC regions and CONtrol @r€as....ccccceeecceiiiireeee et e e ecrrrer e e e e e 503
Transmission constraints in the contiguous USA .........ccccceiieeiiiiiieeee e, 508
The imbalance between growth of demand and system capacity, 1998 to

2009, e e e e e e e s r et e s e b r e e e e e e nrreeeennres 510
Conceptual design of the Grid 2003 ViSion........ccceeeeeeeeiiiiiineeeeeeeeeeeeeeenvenen. 515

Page 13 of 525



List of Tables

Table 2.1.

Table 2.2.
Table 2.3.
Table 6.1.
Table 7.1.
Table 7.2.
Table 7.3.
Table 7.4.
Table 7.5.
Table 7.6.
Table 7.7.
Table 7.8.
Table 7.9.

Table 7.10.
Table 7.11.
Table 7.12.
Table 7.13.
Table 7.14.
Table 7.15.
Table 7.16.
Table 7.17.
Table 7.18.
Table 7.19.
Table 7.20.
Table 7.21.
Table 7.22.
Table 7.23.
Table 7.24.
Table 7.25.
Table 7.26.
Table 7.27.
Table 7.28.
Table 7.29.
Table 7.30.

Compound annual growth (CAGR) over 30 years from 1980 to 2010, km

line length of transmission and distribution [iN€S.........cccevvvveiiiniiiee i 31
New and replacement/refurbishment growth ...........cccccoevviieiieiiecciieccieeces 39
Components of CONSTIUCTION...........uuiiiiiiiiee e 42
National underground penetration in classified countries ..........cccccvvveeeeennn. 103
ESI Characteristics 2010 in AlDania.......ccovcuveeeiriiieeiniiiieee e eee e 112
ESI Characteristics 2010 in AUSTIA...ccueeiiriiieee e raaee s 116
EXiSting INtercONNECTIONS .....eveeeiiiiiieiieeeee s 118
ESI Characteristics 2010 in BEIGIUM .....covvviiiiiiiiieeeceeeee e 119
EXiSting INtercONNECTIONS .....eveeiiiiiiiiiiee s 121
ESI Characteristics 2010 in Bosnia HErzegovina.......cccoccvveeeevvieeeiieciveeeeesivneennn 122
ESI Characteristics 2010 in BUIGAIia .....cvveviuvieiiiriiee e eee e 126
EXiSting INterCONNECTIONS ....evveeiieiiiiiiiieet s 127
ESI Characteristics 2010 in Croatia......cccceeevveeeiriiieeieriieee e 129
EXiSting INterCcONNECTIONS ....eeveeiiiiiiiiiie s 130
ESI Characteristics 2020 iN CYPIUS .....vveeeiriiiieeeiriieeeeriireeeesiree e ssieeee e ssneeeee s 132
EXiSting INtercoNN@CTIONS .......eveeeieiiiiiiiiit s 133
ESI Characteristics 2010 in Czech RepubliC.......cccuveeevviiieiiiiiiie e 134
EXiSting INtercONNE@CTIONS ....evveeiiiiiiiiiiieet s 136
ESI Characteristics 2010 in DENMArK.......cccvveeiieiiieeieiieieee e eereee e saee e 138
Existing interconnections with the Nordel countries .......ccccocevvvvviieeiniieennnn. 141
Existing interconnections with other countries ........ccoccceeevciieeivccieeee s, 141
ESI Characteristics 2010 in ESTONIA......ueviiicvieeeirieee e saee e 142
ESI Characteristics 2010 in Finland..........ccccuveiiiniiieeiiiiieee e 144
Existing interconnections with Nordel countries ..........ccccovveeriieinieecnieeenne. 146
Existing interconnections with other countries .........ccocceeviiiiiiiiiniiienieeeee 146
ESI Characteristics 2010 iN FranCe ....ueveivciieie ittt eeieee e aee e 148
EXiSting INtercoONNECLIONS ....ccovvieeiie e e s 151
ESI Characteristics 2010 inN GEIMANY ...cceivcuvieeeiriiieeeereee e eeiree e esree e s saaeee e 152
EXiSting INtercoNNECTIONS ....covvviiiiee e e 156
ESI Characteristics 2010 iN GreECE......uuviercvieeeieieee et et e e svaeee s 158
EXiSting INterCONNECTIONS ....evveiiiiiiiiiiiieiiet s 160
ESI Characteristics 2010 in HUNZANY.....coiovciiiiiieiieeeeeeeee et 162
EXiSting INtercoONNECLIONS ....ccevvvieiiee e e s 164
ESI Characteristics 2010 in Iceland........ccceovvieiiiiieiiieeieeeeeeee e 165

Page 14 of 525



Table 7.31.
Table 7.32.
Table 7.33.
Table 7.34.
Table 7.35.
Table 7.36.
Table 7.37.
Table 7.38.
Table 7.39.
Table 7.40.
Table 7.41.
Table 7.42.
Table 7.43.
Table 7.44.
Table 7.45.
Table 7.46.
Table 7.47.
Table 7.48.
Table 7.49.
Table 7.50.
Table 7.51.
Table 7.52.
Table 7.53.
Table 7.54.
Table 7.55.
Table 7.56.
Table 7.57.
Table 7.58.
Table 7.59.
Table 7.60.
Table 7.61.
Table 7.62.
Table 7.63.
Table 7.64.
Table 7.65.
Table 7.66.
Table 7.67.

ESI Characteristics 2010 in Ireland........coovcuieiiiniiieeinieee e 167
ESI Characteristics 2010 in HalY ...ceovvvieeiiiiieee e 170
Existing Italian INterconnNECtioNnsS ......c..eeevirciieiiiiiiee e 174
ESI Characteristics 2010 in LatVia.....cccueeeerciieeiiriieee e aeee e 175
EXiSting INterCONNECTIONS ...evveiiiiiiiiiiiiiitet s 177
ESI Characteristics 2010 in Lithuania .......cccveeiiviiieeiniiiiee e 178
EXiSting INterCONNECTIONS ....vvveiiiiiiiiiiiieitet s 180
ESI Characteristics 2010 in LUXEMBOUIE ....vvvviieiiieeieiiiiee et csieee e sreee 181
ESI Characteristics 2010 in Macedonia .....c.uueveveiieeeeeiiiieeeeiieeeeeieee e sreee e 183
EXiSting INterCcONNECTIONS ....evveiiiiiiiiiiiiete s 184
ESI Characteristics 2010 in Malta.......coocueeiiiiiiriieeiee e 186
ESI Characteristics 2010 in Netherlands ........ccoocvveeiiiiiieeeniiiee e 188
Existing Internal InterconN@Ctions .........ccecvveeiiriieeeieie e 190
ESI Characteristics iN NOIWaY ......vveeeiieeeiieiiieeeeee et e e e snnreeeeeeeee e 191
Existing interconnections with Nordel countries ........ccoovveeeeeeeeeicciiienveeneeeenn, 192
Existing interconnections with other countries .........ccocceeviiiiiiieiiiieenieeeee 193
ESI Characteristics 2010 in Poland ........ccoocvuieiiiiiiieeieriieee e 194
EXiSting INtercONNECTIONS ....evveeeiiiiiiiiieiitet s 198
ESI Characteristics 2010 in POrtUZal......coccccvviveeiieiieiirireeeeee e 199
EXiSting INtercoONNECLIONS ....ccevviiiiee e e s 201
ESI Characteristics 2010 iN ROMANIA ...ueveeviiieeiieiiiee e 203
EXiSting INtercoONNECTIONS ...ccevvieiieei e e e e s 205
ESI Characteristics 2010 in Serbia MoONtENEEIO ......coveuvrvvveeeeeeeeecrirrreeeeee e, 207
EXiSting INtercONNECLIONS ....cevvieeiiee e e 209
ESI Characteristics 2010 in SIOVaKia ......c.eeevveiirieiiieeeieeeee e 212
EXiSting INtercONNECLIONS ....cevvieeiiee e e 213
ESI Characteristics 2010 in SIOVENIA......c.eviriiiiiiiieieeeeeeeee e 215
EXiSting INtercONNECLIONS ....ccevvveiciee e e e 216
ESI Characteristics 2010 in SPaiN......cccceeicciiireeeeeee e eeserrreree e e 218
EXiSting INtercONNECLIONS ....ccevvieicie e e e s 221
ESI Characteristics 2010 in SWEAEN.....ccueiiriiiirieieieeeee e 223
Existing interconnections with Nordel countries .......ccovvvveeeeeeeeeiccinieneeeneeeenn, 224
Existing interconnections with other cCountries......ccccccvvveeeeeeeeeeiccciirrreeeeeeenn, 225
ESI Characteristics 2010 in Switzerland .........coocveiiiiiiiiieiiieeeeeee e 226
ESI Characteristics 2010 in TUIKEY .evveeeeiieciireeeeeee e 229
EXiSting INtercONNECLIONS ....ccevvieiiiee e e e e e s 231
ESI Characteristics 2010 inthe UK ......cccoviiiiiiiiiiiieeeiececeee e 232

Page 15 of 525



Table 7.68.
Table 7.69.
Table 8.1.
Table 8.2.
Table 8.3.
Table 8.4.
Table 8.5.
Table 8.6.
Table 8.7.
Table 8.8.
Table 8.9.
Table 8.10.
Table 8.11.
Table 8.12.
Table 8.13.
Table 8.14.
Table 8.15.
Table 8.16.
Table 8.17.
Table 8.18.
Table 9.1.
Table 9.2.
Table 9.3.
Table 9.4.
Table 9.5.
Table 9.6.
Table 9.7.
Table 9.8.
Table 10.1.
Table 11.1.
Table 11.2.
Table 11.3.
Table 12.1.
Table 12.2.
Table 12.3.
Table 12.4.
Table 12.5.

EXiSting INtercONNECTIONS .....eveeeiiiiiiiieeee s 236
ESI characteristics of UNMIK KOSOVO .....ccccuvieiiiiiiiieiiiieee e 239
ESI Characteristics in ArMENIia......ccoccuueieiiiiiie e 241
INtercoNNECtioNS ArMENIA.. ... eeeeeeeiiiiiiii e 244
ESI Characteristics in Azerbaijan ......ccccceeveciieeiiccieee e 245
INTErECONNECTIONS ..o 247
ESI Characteristics iN BElarus ........coccveeeiieiiiee it eseee e 248
EXiSting INtercONNE@CTIONS ...eevveieiiiiiiiiiietet s 250
ESI Characteristics in GEOIZia.......ccevcuieiiiiiiiee ittt 251
ESI Characteristics in Kazakhstan.........cccoeciieiiiiiiiiecieece e, 256
ESI Characteristics in KYrgYzstan ........ciiviccciireeeeeee e eeenrreree e 260
ESI Characteristics in Moldova ........cccuueiiiiciiiiiciee e 263
ESI Characteristics in RUSSIA .....ccueiirieeiiieiiiiee ettt 266
EXiSting INtercoONNECLIONS ....ccovvieeciee e e 279
ESI Characteristics in Tajikstan ......eeeeeeieiieciiiiiieee e 280
ESI Characteristics in TUrKMENIStaN .......ccccvieiiiriiiee e 282
ESI Characteristics in UKraine........coccuieeiiiiiiee e 283
EXiSting INtercONNECTIONS ....evveiiiiiiiiiiiieet s 287
ESI Characteristics in Uzbekistan...........ccceevieiiiiiiiiiiiiniieeeeeeeee e 288
Interconnections in Uzbekistan.........cccoceviiiiiiiiiiiiiieiieceeee e 289
ESI Characteristics iN AlZEIia....coueeeeeeieiieiiieeeeee e 291
Existing single A/C intercoONNECIONS ....ccveveeuveeecieeceree ettt 292
ESI Characteristics iN EGYPL c..uuvvveeeeeee ettt rree e e e 293
EXiSting INtercoNNECLIONS ....covvveiiiiee i 296
EXiSting INtercONNECLIONS ...ccevvieeiee e e e s 297
ESI Characteristics in MOrOCCO .......c.uiiiviieiiiee et 298
EXiSting INtercONNECLIONS ....ccevvieeiiee e e e s 301
EXiSting INtercONNECLIONS ....covvieeiie e e e s 303
ESI characteristics in SOUth AfFiCa .....coovveiiiiieiieeeee e 321
ESI characteristics in 1ran ..o..eeieeeiiiiecee e 332
SAUA Arabi@....eeeieiieeeieee e s e e 339
Existing & Planned Interconnections for Syria.......ccceevvvveeeeeeeeeicciicinreeeeeeeenn, 343
ESI characteristics in INdONESia ......c.ueviviiiiiiiiiieeeeeeeee e 349
Grid extensions in Laos NARPD ......ccccciiiiiiiniieeniie ettt 353
Grid extension in Laos SPRE 11 ......ccociiiiiiiiiiiiiiniiee et 354
ESI characteristics in Malaysia.......eeeeeeeeeieciiirieeeeee e 355
ESI characteristics in the Philippings.......coccvveeeiiieiiiicireieeeeee et 358

Page 16 of 525



Table 12.6.
Table 13.1.
Table 14.1.
Table 14.2.
Table 15.1.
Table 15.2.
Table 15.3.
Table 15.4.
Table 16.1.
Table 16.2.
Table 16.3.
Table 16.4.
Table 16.5.
Table 16.6.
Table 16.7.
Table 16.8.
Table 16.9.

Table 16.10.
Table 16.11.

Table 17.1.
Table 18.1.
Table 18.2.

ESI characteristics in Thailand.........cccuveiiiiiiiiiiiecee e 363
ESI characteristics in AUSTralia.......cooccuveieiriiiiii i 372
ESI characteristics in INdi@.......cuveveiiiiiiieiiiee e e 386
ESI characteristics in PaKiStan ........coccveiiiiiiieiiiiecee e 399
ESI characteristics in ChiNa......c..ueeiiiiii