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The report consists of 4 volumes
e Volume 1 -The Growth of the World’s T&D Systems & Markets for T&D Equipment 2005 - 2010
e Volumes 2 to 4 - International and National Grid Maps

The database consists of one Excel file
Volume 1:
This volume contains market analysis and trend commentary, globally and separately

for each country. The country sections contain text and the major markets contain a
detailed summary of market parameters as in the following example.

Largest generator by capacity - 30%

Top 3 producers by capacity - 65%

Installed capacity - 7,770 MW - 40

Generators 12 generation companies

Magyar Villamos Muvek Rt (MVM) had a "technical” 40% share of production in 2004. The top 3 have 65% and 6
companies each have at lea\st 5%.

10 are owned by private investors

Tractebel, RWE, AES, ATEL, EDF, Croesus, E.ON

Large companies present
Largest - MVM
Other significant - EDF, EON, RWE

TSO - 1 state-owned company
MAVIR Magyar Villamosenergia-ipari Reendszeriranyito Rt
Legally unbundled

Network access - Single buyer model, with regulated third party access currently an issue awaiting decision

Monitoring of wholesale/balancing market - ni

Import capacity as % of installed capacity - 38%

DNOs - 6 regional distribution/supply companies owned by RWE, E.ON, EDF

Regulator -Hungarian Energy Office (HEO)

Implementation of market opening - 2003
Market opening 2005 - 67%
Full market opening - 2005-2010

How charges are set - Regulated

Dominant single generator within balancing area - Yes

Number of active licensed suppliers - 26

Number of suppliers independent of DNO - 20

Number of suppliers with share > 5% - 7

Top 3 suppliers share - 56%

Switching since market opening
Large eligible industrial users - 24%
Small commercial / domestic - ni

Eligible customers 2004 - Non residential

Exchange - Pool

Transmission line length (120 kV) - 3,383 km
Distribution line length - 156,228 km
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This volume contains an outline of the major companies in the global T&D market with market

shares, voltage analysis by country, and analysis of underground and overhead lines with data for
Europe.

Forecasts of capital expenditure and demand for eight T&D product and business categories from
2004 to 2010 are included.

Network data

Volume 1 details historical data from 1970 to 2005 and annual forecasts from 2005 to 2010 of
line lengths for transmission and distribution networks and system capacity for each of 184
countries. Also included are estimates of new installations and replacements (40 year life).

Transmission line lengths km

1. Installed line lengths km 1970-2010 (5 yrs)
2. Installed line lengths km 2004-2009 (1 yr)
3. Annual new and 40 year old line lengths km
Distribution line lengths km

4. Installed line lengths km 1970-2010 (5 yrs)
5. Installed line lengths km 2004-2009 (1 yr)
6. Annual new and 40 year old line lengths km
System capacity MVA

7. Installed capacity MVA 1970-2010 (5 yrs)

8. Installed capacity MVA 2004-2009 (1 yr)

9. Annual new and 40 year old capacity MVA

Market data

Market forecasts in current value $ annually from 2005 to 2010, with 2004 base year shown
10. T&D capital expenditure

11. Total T&D equipment market

12. Power and distribution transformers
13. Switchgear markets

14. Power systems

15. Utility automation

16. HV insulated cables

17. Overhead lines

18. Insulators, bushings and fittings

19. EHV transmission towers
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Volume 3, 2, 4:

These three volumes contain a comprehensive portfolio of international and national Grid Maps. The maps
are in separate documents so they can be used as a quick and easy reference tool.

International grids

UCTE

ETSO

CENTREL

UPS Russia

SUDEL

North Africa

Medring

Pan-Africa

South African Power Pool

West Africa

USA

Current and Vision 2030
Canada

USA-Canada interconnections
USA-Mexico interconnections
SIEPAC (Central America)
South America interconnections
ASEAN Power Grid

Country Grids — 64 countries covered
Europe — 30 countries

CIS — 4 countries

Africa Middle East — 6
Asia—13

Latin America — 11

(The maps have been split into a separate volume because the size of the pdf file is so large.)

Excel database

Network data

Transmission line lengths km

1. Installed line lengths km 1970-2010 (5 yrs)

2. Installed line lengths km 2004-2009 (1 yr)

3. Annual new and 40 year old line lengths km

Distribution line lengths km

4. Installed line lengths km 1970-2010 (5 yrs)

5. Installed line lengths km 2004-2009 (1 yr)

6. Annual new and 40 year old line lengths km

System capacity MVA

7. Installed capacity MVA 1970-2010 (5 yrs)

8. Installed capacity MVA 2004-2009 (1 yr)

9. Annual new and 40 year old capacity MVA

Voltage levels and underground/overhead lines

10. Analysis of voltage levels of T&D lines by km for 137 countries (7 spreadsheets)
11. Analysis of underground/overhead lines by voltage and km for 51 countries (6 spreadsheets)

Market data

Market forecasts in current value $ annually from 2005 to 2010, with 2004 base year shown
12. T&D capital expenditure

13. Total T&D equipment market

14. Power and distribution transformers
15. Switchgear markets

16. Power systems

17. Utility automation

18. HV insulated cables

19. Overhead lines

20. Insulators, bushings and fittings

21. EHV transmission towers

Price of Volumes 1, 2, 3, 4 - £1,800

Price of Excel Database - £1400

Package price for reports and excel database - £2,400

*For US Dollar and Euro prices please refer to www.absenergyresearch.com
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What is the T&D market?

The estimated size of the T&D market depends on the definition used. There is an increasing
industrial trend for manufacturers to expand the limits of their business sector, to go beyond the
provision of “classical” products and to add on additional services and value, increasing the size of
the potential market.

In the past the definitions used in the T&D market have consisted of six product-based categories;
power and distribution transformers, switchgear, HV insulated cables, OH bare lines, insulators and
fittings and EHV towers. ABS has now expanded this definition to include power systems and
utility automation. Both of these segments include products plus technology and the provision of
services. In some cases these cross over the barrier from capex into opex.

At the same time, while technology is expanding the horizons of T&D operation, the traditional
purely “product” segments such as wires and cable remain vital to the transmission and distribution
networks, which could not exist without them.

Some leading industry players are competing in the more restricted high tech sectors of the market,
others in specific product segments and others in both.

In the 5" Edition of the T&D Report, ABS has viewed the issue dynamically and identified two
markets. A broader market has been identified, encompassing all sectors, from basic products to
the most advanced technology used today in transmission and distribution. Within that we have
quantified an “addressable” market, within which the top end market leaders operate, which
comprises 58% of the overall market.

Regional Market Size and Growth

The composition of demand varies considerably, with Asia, Europe and North America being the three
largest regional markets. The first of these markets is primarily one of new installations, but the
mature markets of Europe and North America are replacement markets.

Demand growth is substantially different from region to region, with the fastest growing markets at
over double the rate of growth of the mature markets.

Unified Transmission Systems - The Age of the Large Grids

The T&D report contains a detailed analysis of the US transmission system, its development and
history, its composition and current extent. The main recent failures and outages are listed and
outlined.

A great deal of discussion is currently going on in the US as to the future transmission system of the
US. The structure is repeatedly called the “engineering marvel” of the twentieth century in the US,
but we are now in the twenty first century and new concepts are needed. The report outlines “Vision
2030”, the concept of the Office of Transmission and Distribution of the US Department of Energy,
which looks into the requirements of twenty first century America.

Other regions are facing similar demands. In Europe the EU has identified similar problems and is fast
tracking projects to expand cross border interconnection capacity.

In China the problem is essentially the same but it has arisen from different needs. The vast pace of
economic growth and power demand has created the need to move large amounts of high voltage
power around the country. The transmission system was built to satisfy local and at the most regional
needs. In the early days bulk the lack of adequate long distance transmission necessitated moving
huge quantities of coal across long distances by rail, from the coal mines to the generation plants at
the load centres, and in the process paralysing the industrial economy by denying it transport
facilities. Today, China is on the way to creating a completely modern, unified power system with an
EHV backbone linking every region in the country.

India and Brazil are moving in the same direction. The Medring, encircling the Mediterranean and
interconnecting its littoral countries, is doing the same in its part of the world.

These developments are happening under national and regional cooperations. There is no global
entity making it happen. The T&D Report outlines many of the initiatives and this inevitable trend of
the future.
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One country thought of this a long time ago, the Russian Federation. Despite many problems and
difficulties caused by lack of investment and maintenance, the system that the UPS of UES RAO

inherited from the Soviet Union is the longest and highest voltage Unified Transmission System in the
world.

The ABS T&D Report, in addition to statistics and market outlines, contains important
information about the main T&D companies.

The T&D market has been through a series of realignments, consisting of mergers and closures, in
recent years, a process which is not yet finished. In the core market with high technology value-
added, three companies dominate; ABB with a market share of (%) of the “addressable” market,
followed by Siemens (now including VA Tech) with a combined (%) share and Areva (which has
acquired Alstom’s T&D interests) with (%). Each company has experienced difficulties and undergone
restructuring.

In the broader T&D market which includes wires and cables, the shares of these three leaders are
diluted but they are still dominant. The share of an important player, GE Energy is unknown but
significant. Second level players include about fifteen international companies, which are listed in
the report.

The three leaders (ABB, Siemens and Areva) have all exited the wires and cables market, which has
endured the most difficult conditions of all the business segments in the T&D market, with increased
competition and over capacity of production.

The rest of the industry is composed of many, amounting to thousands, of medium and small
companies, mostly concentrating in one or two business or product categories and operating within
regional or national markets.

ABS has conducted thorough research of the market to produce in-depth analysis allowing the
reader of the T&D Report Ed 5 2005 to define the global market, understand how it is evolving,
what the major developments are and who are the companies shaping the market,

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



Energy
(AES P\c!scg"ch

Contents
1. EXeCULIVE SUMMAIY ...t s e xiii
Transmission and distribution network developments ... e XVi
International transmission developments......... ... e Xvii
Underground Cables..........oo e e xvii
The global market for transmission and distribution............ccccccoiireiimircccne e Xvii
Historical development of transmission and distribution.............ccccciiiic e xvii
New and replacement Markets ... e s s s s ssssnsnsnnnennnnnnnns Xix
The equipmMeNnt MArKets ... s s s s XX
B I T8 53 ] 14 =T XXi
SWICRGEAN ... XXi
oY YL =T xXii
Utility automation...........cciiiii i xXii
Y o 1 o= xxii
L0 1Y =Y g 4 = T I T TN xxii
Insulators and fittings ......ccccvvciiiiini e ———————————— xxii
ol 01T = = xxii
Major T&D ManUFaCtUrers.........ccooccceriircrrircccrerrssr e s smr e s e smne s s s smn e e s sme e e s same e e e smme e e e s amn e e e samn e e ansnmnnnan xxii
T&D Activity iNn ChinNa ... e e e xxiii
Y ] = xxiii
8T =T 1 =Y o XXiv
(= £ XXiv
2. International TranSMIiSSIiON GridS.........cccciiccimiiiiiiiiirrirr s s s ssmn e s s s s smmn e e e e enenas 1
T o - N 1
0 S0 I 1
o 1 3
L0 I SRS 3
V0. 340 4
BALTREL - Baltijos Ziedas - the Baltic RiNg.......ccccoomiiiiiiiiir e 4
UPS Unified POWEr SYStEMS........cccciiiccieriresceresssmesssssme e s s sme s s sme e s s s ssms e s s s smne e s s smne s e s smmesssssnmessssnneenas 5
=] (L 6
LU Y 6
The Middle East and North African Inter-Connectors ...........cccccriiiiciminnsccennncrr e 6
1o [ | = - T 6
Lo g T e T 7
Pan-African Interconnection PIans ... rscccecrr s s e 7
L= 3V N 7
N 4 =T o7 TN 8
L0 T T=T o IS = Y 8
L0 1 4T T - T Y 8
= o o 8
Interconnection in Central AMEriCa .......cccoucceeiiiiicririicr e e 8
R ]| O Y 8
Interconnections in SOUth AMErICA .........cooiiiiiiiriir e e e 8
ASEAN POWET Glid......ccoiicceiiiiiriiiiicissceresssssssssssssn s s s s sssssssssns e s s sa s s s smsmn e e e e sess s ssnnmnesnsssssnsnnesnnsssssnsssnnnnnnns 8
B 1 T o o - N 10
European transmission and distribution network structures ............ccocoecmmiiiccccccs 1
N1 ¢ 7 o T TN 12
] 1 - 14
== o T o 15
855 1O 15
0T T =T o [T o o 15
DNOs - Distribution system Operators ..........ccccoccccmrircecmrrrcse e e 15
=0 X=3 0 TF= T o L= =T LoV 1 o T- SR 16
Electrical ULIlIties ... s 16
Transmission and dStribution ... 16
Distribution COMPANIes ... ———————————————— 17
= T - 18
LI 1 1= 141577 e o PN 18
I T3 4 ] oL 1o Yo 18
L o - T T 19

www.absenergyresearch.com iii



Erieray
€AES Rﬁ:—lscg"ch

L0 o T3 SN 20
[ TV =Y Lo o 4 T 4L o o . 20
L0 =Y o T = 11 oo 21
B = 15T 01557 oY o T 21
Power grid CONION ... s an s s ane 21
D3 4 1 o 111 o o O 22
L= oo YT 1= 4o 22
0= 3] 1 = 1« 23
N 150 23
Electricity Transmission NetWOrK ......... .. e e 23
] I I 7 24
] 10 8- N O 24
0 =3 4] o T3 1o o 24
3 oY 31 - T 25
Transmission and diStrIDULION ........oiiieiii e s res s e resa s s renss s renasssesnnsssrennnssnrenns 25
2 = 11 = [ 25
11 = 3 o 26
B I = 153 1011557 oY o T 26
B 15 26
0= o0 1 = 4o ¢ = 27
1= 0 o = 28
B 25 Y 28
1 11 13 28
(7= ¢ 4 T T /Pt 29
The control areas of the four German TSOS .......ciiieccriiiiiiiie e rre e e e resnmsssssssereeennnn 29
Verbandervereinbarung ... 29
GIBECE ..uuuiiieeuriiienesiirensssiienssstreansssraasssssransssssansssssansssssensssssennssssesnsssssensssssensssssenssssssnnssssssennssssensssssennssnsennnnns 30
I = 153 01557 oY o T 30
D3 1 1 o 111 o o O 31
L= oo YT 1= 4o = 31
LT o - o 32
5T 32
D=3 4 1o 111 o ) o O 32
1 =Y oY T 1= o3 o 3 L= 32
o= = 2 o S 33
Transmission and diStriDULION ...........ciiiiiiiiecci e e e s s e s e e s nnna s neennes 33
=Y = 18 L [ 34
Transmission and diStrIDULION ........oiiieiiii e s re e s rass s srenssssrenasssesnnssssennnssnrenns 34
=T oY1 1= Ao 34
7= 1 35
B 15 35
D=3 4 1o 111 o ) o O 35
0= Y7 - 36
11 T - 37
1 1 13 37
2 - = 37
L)Y £ 01 o Yo 11 o SR 38
1T = o= o [0 o1 - U 39
Transmission and diStrIDULION ........oiiieiiii e s re s s s rass s sranssssrenasssesnnsssrennnssnrenns 39
=T oY1 = A oY = 39
1= 1 40
X =31 3 L= o = 18 L =3 41
8 15 M
D=3 4 1o 111 o ) o O 41
POWEr @XChane...... ..t s e n e e e annna e 41
1[0 T 42
8 55 Y 42
a0 = T o U RS 44
8 55 Y 44
=T T e 0 1= R 4= Ve [ 44
Polish Power EXChanQe ... s s s s s s e 45
o (0T - | 45
The Portuguese transmission NEtWOrK ... s 46

www.absenergyresearch.com



Erieray
€AES Rﬁ:—lscg"ch

0 =3 4] o T3 1o o 46
200 Y 0 = 0 - 47
D T3 1 o 111 o o 47
=T oY1 1= AT oY = 48
Serbia and MONtENEQGIO ......cuiiiiieiiiiiirr i —————— 49
I = 153 101557 oY o T 49
Distribution COMPANIES ... s e e e mnmnn e 49

£S5 o = 1L - 50
Distribution utilities (RDUS). ........ccccerirerrerircsreesrssme e rsssmre s sss s e s sssssr s sssssne s sssssme e s snssmsesssssmsessssnsessessnnes 50
0= o010 =T Ao ¢ = 50

£ o 7 =Y o - S 51
LI = 1 13 0.1 133 o o Y 51

0 =3 4] o 1131 o 51
=T oY1 1= A0 = 51

1S T - 11 52
8 55 52
Major electriCity roUPS .....ciiciciiiiiirriier e an 53
The IDerian MArKEt ........ccuiiiiiiiiiii i rrsass s rras s eansssrrasss s anssrraanssransssrennsssrerannssssanssssrenns 53

£ Y= = o 54
N 15 54
D=3 4 1o 111 o ) o O 54

1 =Y e oY T 1= o3 o 3 L= 54
85311V =Y 5 = 3 U S 56
B 250 - 56

D T3 T o 111 o o 56
=T oY1 = A0 = 56
LT 5/ 57
Transmission and diStribULION .........iiieiiiiiiii e e rssa s s na s rena s e snnss s rennnssssenns 57
= oo YT 1= 4o 57
L0111 (=0 I8 3T T Lo o o 58
The electricity SeCtor in 2005.......... .. 58
€= 0 =Y = Lo Y 58

I = 1 =3 1011551 e Y o T 58

1 =Y e oY T 1= o3 o 3 L= 58

0 =3 4] o T3 1o o 58

8T 1 o o |V S 59
= 1= o o =T o 1 ' S 59
5 - 59
UNMIK KKOSOVO ...cccuiiiiieeiiieesiiiieessiresssssressssssssnssstssssssssensssssessssssessssssssssssssenssssssssssssensssssesnssssssensssssensssssanns 60
An independent region within Serbia Montenegro with a population of 2 million.............ccc..c......... 60
CIS - Commonwealth of Independent States............ccoiiiii i 61
72N 4 0 1= 21 62
I = 1 =3 1011551 1o Y o T 62
D=3 4 1o 111 o ) o O 62

1 =Y oY T 1= o3 o 3 L= 62
%0 o T 1| T o Y 63
LI = 1 T3 0.0 133 e o S 63

D T3 T o 111 o o 63
=T oY1 = Ao 0 = 63
System up-grades and modernisation ..........ccccciciiii i —————————— 64

2 = P T = 65
I = 153 10151 oY o T 65
D3 1 o 111 o o 65
0= oo 1 = 4o ¢ = 65
(7= ) | - T 66
B I = 1 53 1011551 oY o T 66

0 =3 4] o 1111 o 66
International electricity trade...........ccoviiiii i ———————————— 67
2= 221 4 13 - o S 68
= 15T 0 TS5 oY o T 68

D T3 1 o 111 o o 69
International electricity trade..........cccciiiiiiiiii i ——————————— 69
LT V7747 - T 70

www.absenergyresearch.com v



Vi

Erieray
€AES Rﬁ:—lscg"ch

LI = 1 13 0.0 1353 e o Y 70
D T3 T o 111 o o 70
International electricCity trade...........ccooiii i ————————————— 70
1Y Lo [ [0 - T 71
B I = 153 0 73 157 oY o T 71
D3 1 1 o 111 o o O 71
L= oo YT 1= 4 oY 71
20U == - 72
Reform of the RUSSIian POWEr SECHIO ... snn e s e s 72
LI CT Y ] I o = e - T [ 72
LR 10 F= 1 o] oV =] ] o 1 o 73
o o = 73
The Russian transSmisSion NEIWOTIK ........occeiiiieiiiiiirir s s s s sn e e s s e e n e e s nnsssrennssseernns 73
LD T3 T o 111 o o 73
=T oY1 1= A oY = 73
JLIE= L1 €53 7= T o 75
Distribution COMPANIES ... e e e mnmnn e 75
=] oo YT 1= 4o O 75
I8 T2 0 T 113 T 76
L 4= 1 2 77
B I = 153 1011551 oY o T 77
Wholesale Electricity Market: State Enterprise "Energorynok™.............cccccoiimrmmmiisssccsnncennnsnnssnens 77
D=3 4 g 1o 111 o ) o OO 77
L0 .4 o 7= (153 - T S 79
N i 80
e o = 4 81
= 15T 0 TS5 oY o T 81
D3 4 1 o 111 o o O 81
=T L1 T o) 81
o Y 82
B I = 153 1011551 e Y o T 82
D=3 4 1o 111 o ) o O 82
Interconnections and the Africa Grid ..o s s s s e s snssssssnsns 82
] o3 T S 83
LI = 1 13 0.0 133 e o 83
0 =3 4] o 11 1o o 83
=T oY1 = AT oY = 83
1T LU 1 =T 0 - 83
1T 0 (o Y o o o 7 84
LI L= e T T 1= L - N 84
The regulated Market...........cccoiiiin e —————————————————— 84
Transmission and distribution responsibilities..........cccccrrrrrrrrrcncccrc s 85
B I = 1 =3 1011551 oY o T 85
D=3 4 1o 111 o o O 85
1 =Y oY g T 1= o3 o 3 L= 86
£ ¥ ' = T o TS 86
1 =Y oY g T 1= o3 o 3 L= 86
10T 8 1= - 86
B = 15T 101551 oY o T 86
LD T3 1 o 111 o o T 86
L= oo YT 1= 4 oY U 86
RS o TR F= T 3 P 1= 10 Y AN i (o= T 87
N T o) N 88
27 31 1 o 88
= 2o o 0 1 = €317 T - T 88
=01 €53, - 1 o - T 88
= T T ] 4 = T = 1= o 7S 88
= 21T o | 89
L0 11 1= (o Yo Y o S 89
L0 T o L= [ 89
Central African RePUDIIC ... 89
03 1 - L 90
L0 1= = 1 90

www.absenergyresearch.com



Erieray
€AES Rﬁ:—lscg"ch

L 03o Y 4 Lo (o Y- 90
Congo Democratic RePUDIIC ... ———— 20
LR 1T V074 11 - 90
L0 o T o A = T | o 91
109 o 13X o I LYo T 1 = Y 91
0 111 oY o LU 91
3T T o 91
L=+ Yo ) o 92
L= 41 - 92
L€ o T T T- 92
LT 3 = S 93
LT T L= T 13- 1 S 94
(U] == T = LU= 1 Lo - T SRS 94
0= 1 ) 94
== 0 1 3 Lo 94
] oY= - 94
= T F T T T o T 95
1= 1=, 95
1 = 95
1= L0 4 95
1 Lo 2= T .41 o 11T 95
Y= 1 1 - TS 96
o =T S 96
o 1= o R 96
LR Z= 12 [ - T 96
RS T= Lo T I e 5 L= o ] T T 97
RS- 3 = o - 97
SEYCREIIES ... ——————————— 97
£ 1= =30 =Y T 97
£S5 1= 1 |- 97
RS0 T T N o3 - 97

I8 = 153 101157 1o Y o T 97

D=3 4 1o 111 o ) o O 98

o0 1= 1= L= e € o= £ o o 98

Southern African Power POOI (SAPP) ... ieeeccccceerrrr s sssssses s s s s s s ss s sssss s e e s essn s mmnns e s e e snnssmnns 98
RS 11TZ= 21 = 3 U S 99
JLIE: 1072 1 - T 99

=T oY1 1= AT oY = 99

LT =0 - 1T 100
e o 100
1= 1 53 (5 100
L0 T = o ' 100
=Y 2 T - 100
74 15 1| ) - O 101
741 1.0 2= 1 o 1,V - 101

11T [ | L= - T O 103
= 2= 1= 11 o OO 104
- T T 104

B = 15T 10155 oY o T 104

LD T3 1 T o U1 o o 105
- T 105
= = U= 105
B o o - T o 105
L L= 1 105
=Y o - 5 oY o T 106
[ 5 T T T 106
QUALAT ....eeeeeeeeeeeeeeeeeeeeeeeneeeneasnsnsnsnsnsnsnsnsnsnsnsnsssnsnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssensnsnsnsnsnsnnnnnnnnnnnnnnnnnn 106
RS T T Lo [ X = o |- Y 106

Transmission and diStribDULION ...........ccoiiiiiiieiiiir e e e e s s a e e e ree 107
K 4T TS 107

Transmission and diStrIDULION ........iiieeiiii e s e e re s s s s sssss s e nnssssesnssssannnnsnrns 107

0= oY 1 1= e o T 108
0 7 108

www.absenergyresearch.com Vi



viii

Energy
(AES P\c!scg"ch

Transmission and diStribULION ..........ceeeeeeeee s 108
0= 1 1= o 109
£ = - T 111
NS - S 111
AFGhaNiStaAN.....ceii i —————— 112
Bangladesh ... ————— 112
B I = 153 10551 oY o T 112
03 1 1o 11 o o O 112
27 4 10 1= 113
{03 1 11 T~ T 114
Structure of the Chinese ESI ... et eeceee e e e e e e e e e e e e e e s e s s s s s s nnsnsnsnnnsnnnsnsnsnnennnnnnnn 114
LT £ 0 T ] o T S 114
(€7 3= - 14 o o 1N 114
TranSMISSION NETIWOIKS ......coccuiiiiiiiiiiie i e rresss s trens s reass st resssssreasssssranssssassssssransssssennsnsrennnsnres 114
.............................................................................................................................................................. 115
Regional interconNnNecCtions...........ouciiiiniiniiiii i 115
.............................................................................................................................................................. 116
North China PoWer NEtWOIK ........ciiieeiiiiiii i iirsssssrsssss s rsmss s s s s s s rsassss e nnss s sanssssennsssssanssssnsnnns 116
Shandong Power Grid (Connected to NCPN) ........ccccciiimmminnimnsr s 116
NoOrtheast POWEr NEtWOIK ........c..iiiiieiiiiii i cir s s rss s s s s s s s s e s na s s e ma s e an s s ennass s ramnnssrenns 117
East China PoWer NEtWOTK ........cciiiiiieeeiiiiiiiiiiessseiiirissssssssssss e ssssnsssssss e sessnssssssssssessssnssssssseesenssnnnnas 117
Fujian Power Grid (Connected t0 ECPN)..........ccccciciimmiiiiisccssecerer s ssssssssses s s s sssssssssmssssesessnsssssnmnnns 118
Central China Power Network (including Sichuan and Chongqging Power Grids).......ccccccceeuu.... 118
NOIrthwest POWEr NetWOTK .......ccooiiiiiiiiiii i s s s s s s s s s s e s s e s e s s e e e e e e s e e e s e e e e e e e e e e e e e e e e e e eeeenssneenennnnns 118
South China Interconnected Power NetWorkK........ccuceeiiiiiiiieeeeinin s rssssesssss s s e s s sssmsssssseens 119
Interconnections With Thailand ... e ss s e sa e rsns s sranssssrenssssnsenns 119
Possible power cooperation with RUSSIa.........ccccccciiiiiiii s 119
D3 1 1o 11 o o 119
L [o 3 TN 4o T N 120
o - 121
Structure of the INdian ESl...........co i rss s s s s s s e s s asasass s e s asssnnnnsssnns 121
Regional aand State Organisation of the ESL.............cccoomiiiiiiccrrrcre e 121
NREB - Northern Regional Electricity Board ............ccooiiiiiiinin e 121
WREB - Western Regional Electricity Board.............cccooviiiimiiiicciscriere s ssccssesese e ssssssssscesessssssnsns 121
SREB - Southern Regional Electricity Board............ccocccmiiiiiiiccccimmirriis s sccsssesses e ss s ssssse e seesssnsns 122
EREB - Eastern Regional Electricity Board...........cccccomiiiiiiccismcmimniinsssccssesesessssssssssssssssssssssssssssnenes 122
NEREB - North-Eastern Regional Electricity Board ..........c.ccccoiiiiiiiiinniimnnis e 122
PhySiCal @SSets .....ccciiiiiieiii it e 122
Transmission and Distribution NetWOrKS.........cciiiieeiiiiiiiiiieii e iire s resss s rsssss s rsssssssesnssssesnssssnes 122
B < 2 e =37 = 123
- ' T o 124
TransSMISSION SYSTEM....... ..o r e s smn s s mn e e e s an e e e e same e e s mme e e e an e e e s mnnnan 124
DiStribULION NEtWOIKS......icce i rs e s s e s aa s s resn s e nn s e rena s s rennnas s renannrranan 125
Transmission INtErCONNECLIONS........iiieeiiiii i e e s a s snna e nn s e e s na s s ennnnnnren 125
Lo = T 1\ Lo o o TN 126
Lo = T T T 11 o TN 127
Market restructuring and privatisation ............ccccccieiiimiiicccccerrr e - 127
€T 0 1= = 1A oY o 127
Transmission and diStriDULION ........iiieeiiii e s re s e rs s s e sss s s ennssssasnsssrennnnsnrns 127
B = 15T 10155 oY o T 127
D=3 1 1o 111 o o O 128
1= o= L 128
1= 1 e Y= 3 128
1o T ' T 129
1[5 - | 129
Transmission and diStribULiON .........iieeeciiiiiii s e s e a e s ma e nnnnanres 129
o= 1= - 1 N 130
Unbundling and privatiSation ... ssccsssscese s s s s s ssssss e s e s sssssssmsss s s esssssnnmnenes 130
I = 10 5 0 4177 o o 130
LT T 0 T T - 130
Transmsision and diStrIDULION ........iiieeiiii e e e rr s s s ssss s s ennssssesnsssrannnnsnrns 130
1= 11,2 1 132
Deregulation and privatisation plans..........o 132

www.absenergyresearch.com



Energy
(AES P\c!scg"ch

B = 1 T3 0. 1353 e o S 132
NS - 135
27 0T 3 = 135
(02 15 11 ¢ Yo Yo |- 135
3 e Lo 1= = - 135
0= o 135
= 1= £ - 135
Y7 13T - 1 135
Lo 11T o 71 L= 135
KT T = o oY (- PR 135
I8 2= 11 = T 2 L 135
Y =3 T T 135
= 1T = OO 136
(02 11 11 ¢ Yo Yo |- 136

Future DeveloOPMENt ..........ooiiiiiiiiiir i a e e 136

Power Development Plan ... s s s s s 136

0 L0 0 L 136

Interconnection with Thailand ... s s s e aa s rean s e nnnssseanns 136

Interconnection With Vietnam...........cciiiiieiiiiiiiiiiii i rsss s sss s e sss s s s s s s s a s s s eanass sennnssssenns 137
1 L Lo == - 138

Transmission and diStribULION .........iieeeiiiiiiii s s e e e ma e nnnnanees 138

Java-Sumatra INterconNNECLION .........cciiiiiiiei e e s r e s s aa e e ana e raes 138

The objectives of the Java-Sumatra Interconnection ... 138

East-South Kalimantan Interconnection ...........eccciiiiiiiieciiii e r e ss s e s s s s sa s e e s s nnnases 139

The objectives of the East Kalimantan Interconnection...........cccccoccmiiricinincicccnen e 139
- o 1 140

Distribution grids ... ———————————— 140

L= oY1 1= 40 Y 0 = 140

=Y o Y01 1= T2 40T 4 T 2 - 1 o 140
= 1= £ - 142

B I8 = 1 =3 1015351 oY o T 142

Peninsular Malaysia.......ccccoiimiiniri i s annnn e 142

LT 1= .- 1 143

£ 1o - | o U 143
Y 18T - 1 PR 143

B = 1 T3 1.0 1353 e o S 143

LD T3 T o U1 o o 143
e T o1 4 = 144

ESI structure and liberaliSation........cccoiiieeiiiiieiiiiiii e rss s rrsss s s rens s s rennsssrennsssrennnssnrenns 144

TranSMISSION GridS ....cueiiiiiirriiiirr iR 144

D=3 1 1o 11 o o 145

Electric Power Industry Reform Act (EPIRA ... e s e e s e e e ss e me e ne s 145

WHholeSale MaArket ........cccuiiiiiiiiiiiii i rr e rr s e s s e e e s a s e s n s e s m s e e e nn s s e s nnaa s e nn s e e e nnan s rennnsnren 146
£ T e = o o (- St 147

Transmission and diStribDULION ..........ccoiiiiiiiiiii e e e e e ana s reenees 147

1= e oY T 1= o3 o 3 L= 147
I 2= 11 = T 2 ' 148

Table 6.10: ESI characteristics in Thailand...........coeeeiiiiiiiiiiiiire s sss s s s eenasa s 148

B = 15T 10155 oY o T 148

LD T3 T o U1 o o 148
V4T 1 3 = o 148

Transmission and diStribULION ... s e a s e na s s rana s s ennnnss e 149

B - o 11 150
0 T3 1 - | O 150
P i ceeeeeeeeeeeeee e e s e e s s e e e s s m e e e s s n e e e s s s ne e e e ne e e e s ne e e e emeeeesemeeeeseameeeeseameeeeseaneresssnneeseaneereseannereessaneeeeseannees 150
L\ LTV 74 =Y 1 = 5 1o 150
o OO 150
£53 0 e 1 7o Y TN 53 =2 U - 150
e 4 - S 150
N T T3 1 - | 151

INterlinked tranNMUISSION ....ccc..iiieeiiiiii e e ress s reess s rans s rsnssssassssssranssssrannssssennsssnsrennsnnranns 152
FiJi ceeieeeeeeissererssssrerssssne s s ss s ne e s s s sne e s s s sane e e s s s ne e e as s ne e e ansame e e eeemeeeaeeameeeeeeamEeeeesanneeeessnEeeesanEeeeeeanneneessaneneensannnes 153
L\ LT 74 Y- 1 - 5 Lo 153

www.absenergyresearch.com iX



Erieray
€AES Rﬁ:—lscg"ch

10 1= 113 S 153
Papua NEW GUINEA.......occceiiiiiieiriiisi i s d s e n e ba s an e e b e a e e e e aae ba s ann e e e san 154
D3 T o U1 o o 154
ES Y Lo Y4 Lo Y T £ F= T T £ 155
e ' - 155
L4 L2130 8 RS 1= 1 1 o - 155
T ¥ o YU 1 o T X 4 (= - 156
1= 01 3 157
1 0= oY1 1= 410 ¢ = 158
=20 11/ - 158
B = 1 T3 1. 1353 e o S 158
Regional tranSmisSSioN lINES .......ccoiiiiiiicccieciiiri e s e s smn e e e s s e s smnn e e e e e s snsnmnmnnnns 158
0 =3 4] o 111 1o o 159
=T o Y 0 1= e 4 [ Y 159
= = 2 1 160
L 1= (0 o - T 160
Regional subsidiaries of Eletrobas...........cccccccimiiiiiiiinnii . 160
Minority holdings of electrobras ..........ccccciiviiiiinii e ——————— 161
TransSMiSSION SYSEEM.......ccciiiiiiiri i ——————— 161
D=3 1 1o 111 o o T 162
B = 1 =3 10153 Lo T 0 TN = T 0 T 162
Medium-term TranSmMISSION PIANS .......cccuuiiiiiiiiiieiiiriirssssserrs s resssssassss e rssnssssssssereesnsssssssseressnnnnnns 162
Long-term TranSMiSSiON PIANS ........ccocccceiiiiiiinccccecerrr s e e e s s ssmsn e e e e s s mmn e e e e essenssssnnnnns 162
Distribution SYStem ... e nnne e a e annnenen 163
Ten-Year Investment Plan 1997/2006 ..........c.cccoiueuiiiieeniiiemssiiiresssiesssssrmesssssrenssssmssssssssnssssssnsssssssnssssns 163
03 1 11 = 163
Generation and traNSMISSION .....ciiieiiiiee it i irrresss e rrsssstrrenssrrassssranssssrenssssrenssssrennssssssnsssnnnnnnns 163
D=3 1 1o 111 o o 164
(090 o 1 11 o - 164
B I = 153 10551 oY o T 165
0= 1 1o 11 1o o 165
o1 = Lo Lo 166
B I8 = 1 =3 1011551 oY o T 166
0 =3 4] o 111 1o o 166
1 =Y e oY T 1= o3 4 oY o 166
(= 4 Lo o 1V - 5 - OO 166
0 - T - S 166
L T T LU 167
B = 15T 10155 oY o T 167
D3 1 1 o 111 o o T 167
0= o 5 1= o3 4 [ Y 167
= L 167
B I8 = 1 =3 1011551 oY o T 167
D=3 1 1o 111 o o 168
1 =Y e oY 1 1= o3 4 oY o 168
£ 1T 4 - 3 Y 168
UNUQUAY .eeeieire s issssssssne s s s s ssssssssmss e e e e s sa s s s smmsn e e e eesas s s amseeeeeesaasssssmsmneenesana s smneneeneesassmnnneenesnnnsssnnnnnnnnsnsn 169
R 4 127 = - 170
B = 15T 10155 oY o T 170
L0311 o U1 o o 170
9. Central America and the Caribbean..........cccciiiiiiiieiiii e e aa e an s eannass e 171
= 2= 0 7= 3 = = 172
2 2= T 7= U Lo X 172
= 7= 7.2 - 172
= 7= 4 1.4 11 e - 172
{04 X3 = T - 172
B = 1 T3 1.0 1353 e o S 172
0 =3 4] o T 1o o 172
1= e oY T 1= o3 o 3 L= 173
L0 | - T 173
Dominican REPUDBIIC.......cceiiiiri it e 173
= IS 1 V2= T [0 Y o 173
B I = 153 10551 oY o T 173

X www.absenergyresearch.com



Energy
(AES P\c!scg"ch

I 1S3 1 o T o o 173

L0 C=Y e 4T 1= o2 £ Lo - 173
(1T = 1= o T 1 - TN 174
TrANSIMISSION.....ceee s s s s s s ssssssssssnnnnnnnn 174

[ 153 1 g 10 oY 174
= S 174
[ o 4 e LT T - TN 174
- T 10 = - 175
1 1= Qe X 176
Transmission and distribUtion ... 176

L =] oo o1 0 1= o o = 176
]| O 176
Netherlands ANtIlles....... .o e 177
A T =T T - 177
TrANSIMISSION.....ceee s s s s a s s ssssssssssnsnnnnnn 177

[ T3 1 g | o101 Lo TR 177
o= B 10 T T 178
TrANSIMISSION.....ceee s sssssssssssssssssssssnssssnsnnnnnnnnnnnnnnnnnnnnrsnnnnnnnnnnnnnnnnnn 178

[ 153 1 g 103 oY 178
01 Z= oo 1 1= o2 £ o o O 178

Lo =Y o o N o 178
K 0 T PR 178
BT 1 F=Te =0 Lo I I e o T Vo [ 20 S 179
10. Ve o TN o 1= T 180
(02T T Vo - TN 181
InterprovinCial trade ... ————————————— 182

L SR 1 Vo [ 182
Market structure and regulation ... ——————————— 182

N L= - TR SRS 182
British Columbia ...... ... e s nnnn e 183

1 = T T e - 184
NEW BIUNSWICK ....cooiiiiiiiiiiiiiici i s e s s s ss s s e s s s s s s s s s s s s s s s s s s s s s s e s e s s s s s s s s s s s es s e s e s e s ssesnnnnenessnnssnnsnsnssnnsnnnnnsnnnsnnennnnnnnnnns 184

L\ L=T T4 oY ] 4 o | F= T T Y 185
NOMAWESE TeITItOrIES.......eeeiiieii it e nnan 185
03T TR T o 1 - 185

L0 017 4 o 185
e 1o 0 T 1= [ TN 186
Prince Edward ISIaNnd............. i s e nmnn e 186
11T o o3 186
SASKAtCREWAN ... e s e e e mnnn e e e e e naan 187
8 1o o 187
The Canadian transmission and distribution system............ccccoriiiecirircccnrc e 187
L0 188
Crisis in the US Electrical SyStem........ ... e s e s s sme s s e ss e s e e e s ennmnes 188
Background of the electrical sectorin the US.......... e 189
The origins and development of the US transmission system.........cccccoeccccicrimniinnccccseceeeeeeennnnns 189
{02 T-10- T [T T [T U1 = T 1= 300U 191
August 14, 2003 blackout in the US and Canada............ccccriiiiimmiiniinnininse e 191
November 9, 1965: Northeast BlackouUt .............cooooiiiiiii i ennnes 192
July 13, 1977: New York City BIaCKOUL ........ccoccciiircciirrrccrr e s e s e s e mn e e snn e e 192
December 22, 1982: West Coast Blackout ............cooooriiiiii i s s s e s e s s e s e e e 192
July 2-3, 1996: West Coast Blackout ... 192
August 10, 1996: West Coast Blackout ... 192
June 25, 1998: Upper Midwest Blackout ...........ccccccciriiinininininssr s ssssssssssssssssssssssnsnes 193
Common or similar factors among Major oUtages...........cccvereerrrrssrererssseerrs e sme e e smnes 193

L0 1110 g o 1 - 1 USSR 193
Regulatory FrameWOrK .........ccccccceiiiiiiiiiccssenene e s ssssssssssssse e s ssssssssssmsss s s s essasssssmnsseeesssnsssssnmsnnesessnsssnnnnnnes 193
Composition of the 10 Regional CoOUNCIlS.......ccccceveccccieemiiiie e 194
ASCC (Alaska System Co-ordination COUNCIl ..........cccccoimmiiiiiicccccerrrr s 194
ECAR (East Central Area Reliability Co-ordination Agreement)...........ccccvvimriniiininninnnnnneenen, 194
ERCOT (Electric Reliability Council of TeXas)........ccccuvviriiniiiiiinniiiirs s 194
MAIN (Mid-America Interconnected Network)..........cccccimiinisimminnsin s 194
MAAC (Mid-Atlantic Area COUNGCIl).......ccviriiiiimmminiiri i s as e 195

www.absenergyresearch.com Xi



El' Brgy
(AES RC!SCLE'CH

MAPP (US) (Mid-Continent Area POWEr POOI).........ccccomiiiiiiccccceeere s sssssess s s e s s s sssssss s s ssssssssssmnnns 195
NPCC (US) (Northeast Power Co-ordinating CoungCil) .........ccccoiniimmiinnimmnins e 195
SERC (South-eastern Electric Reliability Council)......c..ccccmiirimminniinirernre e 196
SPP (Southwest POWEr POOI).........ccciiiiiiiiir i s s s s 196
WSCC (US) (Western Systems Co-ordinating Council ..........cccceririimmminiimmnnsese e 196
FRCC (Florida Reliability Co-ordinating Council)........cccccrinimimminniinn s 197
LI L= L 20 oo 197
1. Balance power generation and demand continuously. ..........ccccciiminincienn e 197
2. Balance reactive power supply and demand to maintain scheduled voltages........................ 198
3. Monitor flows over transmission lines and other facilities to ensure that thermal (heating)
limits are Not exceeded. ...t ————————————— 198
4. Keep the system in a stable condition. ..o e e 198
5. Operate the system so that it remains in a reliable condition even if a contingency occurs,
such as the loss of a key generator or transmission facility (the “N-1 criterion”). ..................... 198
6. Plan, design, and maintain the system to operate reliably. ........cccccovomririiininciice 198
A S Y o T o] =T 1= e T T 199
RTOs (Regional Transmission OrganiSations).........ccccceriinisemminnssmsmssss s 200
Standard Market Design and Structure (SMD)..........cccoirimmminimm s ———— 200
I 1T 4 T oL 1o o 201
Demand-Side Management ...........ccccerireeiirircserrrssssreresssr e ressssr e e esssss e s sssssne e sasssne e sessneeresssnsenenssnsenasan 201
e [T T L= L5 0 e 201
The reasons for the low commitment to infrastructure ...........cccoccviininicincs 202
{00 4T 7= {1 o o S 202
LT T T 203
Grid 2030 consists of three major elements: ..........cccciiiiini e ————— 203
Smart POWEr delIVErY......oc i 203
National Electricity Backbone ... s 205
Regional INterconNnections..........ccucceiiiniieinnnir s 205
Local, Mini- and MICrO-Grids..........cciiteemuiiiiiiiitnensisssrrrrneessssssesrssnmsssssssesrrsnnnssssssssessnnmssssssseessesnnnnnns 205
Information techNOolOgies. ......ccceiiiiiiiiini i ———————————— 206
NeW Materials ..... ..o s 206
Distributed energy reSOUICES. ..........oo it ss e s mn s e s e s e samnmne e 206
N1 4 = 1o o N 206
Power electronics controllers............ccomiimiiiniin s ————— 206
1. LU 1T [T o T o T 4 Lo o= o I3 SN 207
National underground penetration in Western EUrope...........cccccmiivicccccecrrinssnssscssssssese s se s ssssnsen e 208
T TP 208
=7 110 o N 208
D 7= 4T - 1 o 208
141 T3 T 208
- 10 Lo 209
Distribution networks should be underground or protected. ............cccooimmiiiiiiriiiss s 209
TransmMiSSION NEWOIKS .......eciiiiiiiiccrir s s amn e s s 209
(7= g0 0= T ) 209
LT = T 209
=] = 3 T 210
L 210
LI D (=Y 1] oo 11 ' 210
V1= 4 7= F= 0 e L 210
V0 T N 210
o (T - N 210
5 0T T o 211
RS =T o = o 211
RS TT =T - T 211
L LT =T o 3T T [ o 211
Possible contribution of underground cables to the “European Energy Infrastructure” ............... 212
Available Technologies for underground cables............ccccciiiiiiicciiimmre s 212
B =T ed T 0T Co- TR T o XY o2 OSSR 212
X O T] 0 o (=7 e e 10T T e 1 =N 212
DC underground CabIes ..o 213
New technological developments ... 214
Gas insulated [N (GIL)......ccciucueiriiieir i 214
High temperature superconducting cables (HTS)........cccconnimmminniimn e 214

Xii www.absenergyresearch.com



El' Brgy
(AES RC!SCLE'CH

12. Network voltage analysSis........ccccceiriiiiiiissseiriern s ssssssres e s s s s s sssssn s e s ss s s ssnme e e e s ee s s s s ssnmnenesnnnnssnan 216
13. 1B Ty =Y A o =T o= L= N 230
Network statistics- historical and forecast ............cccviviiiiiiicc e ———— 230
1B T =Y o o =T o= L= 230
Market Categories ... ———————— 230
N T 10T LI 4 =T =Y 230
14. Methodology of Models and Forecasts..........ccccvviriiniirnirr e 233
1 =1 o T Lo o o 233
Stage 1 - T&D fOrECaStS.......ccviiccrirrrririrrrsserrrr s e e sssssreres s e e s s me e e s s me e e e s mn e e e s smn e e e s s snme e e e snnnnasssmnenan 233
The Master Database ... e 233
Capital expenditure validation..........cccco oo nn e e e e 234
£ Vo (=0 S 234
LT N e 234
YN L o 235
YN T 235
8 = T [ 235
S = T 1= 236
Large country models — USA, China, Russia, Brazil............ccoooiiiiiiie s 236
15. 8T 0T T T o= =N 237
16. Transmission & Distribution System Forecasts ..........cccccocmiirreimnncccirnnscsee e 239
Transmission line IeNgths KM ... s e 239
Distribution line Iengths Km..........oiiiicc s srr e sss e e s s mnn e e e s mnmnnnes 239
System CapaCity MVA ... e s s e e e es s s s s s s e e e e e ee s e s s nnme e e e e eesa s snnmeneesnnnnsnnan 239
Market fOreCasts ...t ————— 239
Figures
Figure 1.1: The growth of the world’s transmission networks, km from 1970 to 2010 ...................... xviii
Figure 1.2: The growth of the world’s distribution networks, km from 1970 to 2010...............ccccerrrnnns Xix
Figure 1.3: Global market shares of power transmission and distribution companies...................... xxiii
Figure 3.1: Typical network structure in European countries ..........cccccciniimmiiniissness e 1
Figure 6.1: The new structure of the Chinese electricity Sector..........cccccovniiiminniinn e, 115
Figure 6.2: The regional transmiasion networks of China..........cccccirriirrrrcsiernsssee e 116
Figure 6.3: Investment in generation, transmission and distribution in Japan ............ccccoeeiiinnnnnnn. 125
Figure 6.4: Major transmission links between service areas in Japan in 2003...............cccocceviieennennns 126
Figure 10.1: Basic structure of the electrical system...........cccoomiiiiiicccccccrrr e 189
Figure 10.2: US Interconnected electricity systems 2005 ..........ccccoiiiiccccnecrmenrinsssccssesere e e 190
Figure 10.3: NERC regions and coONntrol @reas ...........ccccceririiiccssmmemnnsinsssssssscssesssesssssssssssssssssssssssssssssssssnas 197
Figure 10.4: Transmission constraints in the contiguous USA...........ccccrimriiinrinnsnn e, 200
Figure 10.5: The imbalance between growth of demand and system capacity, 1998 to 2009............. 202
Figure 10.6: Conceptual design of the Grid 2003 Vision..........ccccciiiiiimiiinnninnneir s 204
Tables
Table 1.1: Installed generating capacity (MW), T&D System Capacity (MVA), Transmission and
Distribution Line Lengths (Km) - 2005 ............cooo oo errccre e sssmr e sssmr e ssssme e s s e e s e ssne e s sme e nsanes Xix
Table 1.2: Components of CONSTIUCHION ... s ss e smnne e XXi
Table 1.3: Capital expenditure in 2005 to 2010 (Current values) ......c.cccceeecccimmermrrinssssssseeese e esssssssnneenns XXi
Table 2.1: South China Sea interconnection Projects ........cccccovicccicccriiriinsscsssscerr s 9
Table 3.1: ESI Characteristics in AIDania.........cccccoviimininiinni 12
Table 3.2: ESI Characteristics in AUSTIia.........ccccciiiiiiiiiicirrr e ssmr s mnmnn s 14
Table 3.3: ESI Characteristics in Belgium.........ccccoiiinniiir e 15
Table 3.4 ESI Characteristics in Bosnia Herzegovina..........ccccccciiiniiniininnsness s e 16
Table 3.5: ESI Characteristics in Bulgaria..........ccccoiiimminnimmnisis s 18
Table 3.6: ESI Characteristics in Croatia..........ccccouiiiiiiiiciiiiiiri s s e e 19
Table 3.7: ESI Characteristics in CYPrus.......ccccimiimiminsis s s 20
Table 3.8: ESI Characteristics in Czech RePUDIIC ... s e e 21
Table 3.9: ESI Characteristics in DENMArK ..........ccoococirieririemisssieresssce e e ssrers s sms e e s ssme e e s sme e e s s smeessssmmeenas 23
Table 3.10: Existing interconnections with the Nordel countries ...........occceiimiciis s 24
Table 3.11: Existing interconnections with other countries ..........ccccciiriiri e e 24
Table 3.12: ESI Characteristics in EStonia...........cccuvimiiiminnnii e 25
Table 3.13: ESI Characteristics in Finland ..........ccccceiiiminir s 26
Table 3.14: Existing interconnections with Nordel countries...........cccciriiminriinc e 27
Table 3.15: Existing interconnections with other countries ..........ccccciniiiiinri 27
Table 3.16: ESI Characteristics in France ...t sms e 28

www.absenergyresearch.com Xiii



(ABS e,

Table 3.17: ESI Characteristics in GErmany ........ccccccvvcccciiecmimnniissscssssssre s s sssssssssse e e s s ssssssssssmsssssessssssnnnesnns 29
Table 3.18: ESI CharacteriStiCs iN Gre@Ce......cccciiiieeiiiiieiiiieieiiresssisrsnssssssssssressssssrsnsssssenssssrsssssssesnsssssennnns 30
Table 3.19: ESI Characteristics in HUNGArY ........cccoiiiinniininer e 32
Table 3.20: ESI Characteristics in ICEIANM ..........oiieeeiiiiiiiie i res s rresss s rens s renssssrenssssseensssssennnns 33
Table 3.21: ESI Characteristics in Ireland ... s rsssss s rss s ssss s rsssssssrensssssannsns 34
Table 3.22: ES| Characteristics in Italy........ccccoiiimiiniim s 35
Table 3.23: ESI CharacteristiCs inN LatVia .......cccciiiieeiiiiiiiiieiiiiisssiirsssssssss s sssssssssssssssssnssssesssssssnensssssannsns 36
Table 3.24: ESI Characteristics in Lithuania........ccccceiiiiiiiiimiciiiiiiirresiin e rsssssssssss s sssssssssssesssssssssssnns 37
Table 3.25: ESI Characteristics in LUXEMDbDOUIG .........ccooiiiiiincrrerceee s ee s e mn e sms e smme s 38
Table 3.26: ESI Characteristics in Macedonia .........ceuuiiiiiiiiiieeiiiiiiirssssis e rssssssssssss s ssssssssssssersssnsssssssns 39
Table 3.27: ESI Characteristics in Malta............cccceeeeeiiiiiiiiiiicir s e rss s sssr e s e s s s ssas s s eeressnsnsssnes 40
Table 3.28: ESI Characteristics in Netherlands...........cccoiiiiiiiciiiiiiiieee e e e s 41
Table 3.29: ESI Characteristics in NOrway .........cccccoiiiiiicciseceiini s ccsssre s s ss s sssssse e s e s ssssssssmsne s s essssssmsmssnns 42
Table 3.30: Existing interconnections with Nordel countries...........ccooncimiinniicci e 43
Table 3.31: Existing interconnections with other countries .........ccccconniiiiinrii e 43
Table 3.32: ESI CharacteristiCs in PoOland..........ooieeeiiiiieiiiieiiiieeiiresssssrsss s resssssssssssssssnssssesssssssssnsssssennsns 44
Table 3.33: ESI Characteristics in Portugal .........ccccocvmimiinimmms s 45
Table 3.34: ESI Characteristics in ROMaANia........ciiveeiiiiiiiiiiiiiisesiirrssiisssssssssssss s rssssssssnsssnsssssssensssssssnnsns 47
Table 3.35: ESI Characteristics in Serbia Montenegro .........cccccciiiviiiinni s 49
Table 3.36: ESI Characteristics in SIOVaKia .........cccueeeeiiiiiiiiiiieiiiiiiirsssssis s rssssssssssss s sssssssssss e ssssssssssssnns 50
Table 3.37: ESI Characteristics in SIOVENIa ........ccceeeeeeiiiiiiiiiiiiisi s rsssssss s sssssa s s s sssnsnssssnns 51
Table 3.38: ESI Characteristics in SPain ........ccccccciiiiiiiiicccsecrrrr s cssssre s s sssss e e s e e s s s s ssmnee e e sesssssmnmnnnns 52
Table 3.39: ESI Characteristics iN SWeAEN .........cceeeeiiiiiiiiiieiciirr s rssserrr s e ssas e ssssss s s s e e s ssnsnsnsssnns 54
Table 3.40: Existing interconnections with Nordel countries.........ccccciiiiiiccccimrinn s 55
Table 3.41: Existing interconnections with other countries .........ccccciniiiinric 55
Table 3.42: ESI Characteristics in SWitzeraland...........cccccoiieiiiieeiiiiiiiire e e ressssrssssssrsnsssssrennses 56
Table 3.43: ES| Characteristics in TUIKEY ... e 57
Table 3.44: ESI Characteristics inN th UK ... irsssiirsss s sssssssrsssss s ma s s s sssss s ssnsssssnsnsssssannnns 58
Table 0.1: ESI CharacteristiCs in ArmMenNia......ccccci i rssssssss s rsnss s rsnsssrassssssesnsssssannsns 62
Table 0.2: ESI Characteristics in Azerbaijan.........ccccccccminiiimiinii - 63
Table 0.3: ESI CharacteristiCs iN Belarus..........ciiiiiieeeiiiiiiiiiinsssiiissirsssssssssisrsssssssssssssessssssssssseensesssssssnnns 65
Table 0.4: ESI Characteristics in GeOrgia ........cccccvrrrerrrrrrsirerrssscrrrssssseers s e e s s s sme e e s sme e e s s sms e e e s sanessssnmeenas 66
Table 0.5: ESI Characteristics in Kazakhstan........ccccccciiiiiiiiiieeiiiiiiiiresiin s ssssssssssss s ssssssssssssssessssnssssssnnns 68
Table 0.6: ESI Characteristics in Kyrgyzstan .........ccccooccccimiimiiincccccecerers s cssssssse s s s s ss s ssssssss s s sssssssmssesnns 70
Table 0.7: ESI Characteristics in MoIdOVa ..........cieeeeeiiiiiiiiimeeeiiirrrsssssssrr e rsssssssssre s sssssssssssresssssssnsssns 71
Table 0.8: ESI CharacteristicCs iN RUSSIA .......ciiiiiiiiiieeiiiiiiiissseeeiiissrsssssssssss s s ssssssssssseressssnsssssssseenessnsnsssnees 72
Table 0.9: ESI Characteristics in Tajikstan .........ccccciiiiiniin s 75
Table 0.10: ESI Characteristics in TUrKMENISTAN .........cccuiiiiiiiiiiiiiree e rsess s rresss s rens s s rssssssrensssserennas 76
Table 0.11: ESI CharacteristiCs iN UKIraiNe.......c.coiveeeiiiimiiiieiiiiieeeiirssssssssssssssssssssssnssssesnssssssssssssesnssssssnnsns 77
Table 0.12: ESI Characteristics in UzbekKistan.......cccccoiiuiiiiiiiiiiiciiismciissssisrsssssssssssssssssssssessssssssnssssssnnses 79
Table 4.1: ESI Characteristics in Algeria........c.ccccooiiiiiiiinniinr s 81
Table 4.2: ESI Characteristics in EQYPLt......cccccucorimrirermrrrrsscerrsssmer s ssms e s s e ss s ssse s s s sme e e s sms e s ssms e sessssmeenas 82
Table 4.3: ESI CharacteriSticCs iN MOIFOCCO........iiiiiieeeeiiiiiiiissese s rrssssssr e rsssssssss s anssasssseeenssnsnnssnnns 84
Table 5.1: ESI characteristics iN Iran ... cciiiirisrsssiis s rsss s s e s s s ss s s e e s s s nasssssssessessnnnnssnnes 104
Table 5.2: Existing & Planned Interconnections for Syria..........cccocimiiiiiicccsecrinn e snneeees 108
Table 6.1: ESI characteristics iN ChiNa.........ccoiiiiiiieeiiiiiiiisisee i rrss e e s s sss e e e s s ssassssssseenessnsnnssnes 114
Table 6.2: ESI characteristics in INdia ..........coiiiiiiiieiiiiiiiiirsecrir s rrss e e e s s s s e s e s s e e s e s s mnnnssnses 121
Table 6.3: ESI characteristics in Japan ... 124
Table 6.4: ESI characteristics in SOUth KOrea.........cccoiieeeiiiiieiiiiieeiiireeiii e rrsssss s rsssss s sessss s rsssssssensssssssnns 127
Table 6.5: ESI characteristics in PaKiStan.......cccciveeiiiiiciiiieiiiieei e sssssssssssssssssssssssnssssssnsssssnssnssssenns 130
Table 6.6: ESI characteristics in TAIWaN ........cccciiiieeiiiiisiiireiirssssr s sss s ssssss s ranssssrsnssssrennsssseennssssenns 132
Table 6.7: ESI characteristics in INAoONESia......cccciuieeiiiimiiiii i rsss e s sana s e e nnaa e enns 138
Table 6.8: ESI characteristics in Malaysia .........ccccoviimmiiiinr s 142
Table 6.9: ESI characteristics in the Philippines.........cccoomiiiii i mnneeees 144
Table 6.10: ESI characteristics in Thailand.........cccccccciiiiiiiiiiecii s s e s s nananansns 148
Table 7.1: ESI characteristics in AUStralia.........ccccceeiiiiiiiiiieiiii s sssss e ss s s e s s s s nnnasssnes 151
Table 8.1: ESI characteristics in Argentina.........cccccciieccccieiiiiiiins s ssn e e e s smnnnenes 157
Table 8.2: Transmission Networks in Argentina...........ccccccviiiiiicccsieeerinn e e 157
Table 8.3: ESI characteristics in BoliVia.........ccieieeeeiiiiiiiiiieeiiir e ssssssssssssresssssssssssseesssssssssssseenessnsnsssnes 158
Table 8.4: ESI characteristiCs in Brazil.........cccccciiiieeiiiiieiiiieiiiirsssiiissssssssssssssssssssssnsssssssnssssesnsssssensssssanns 160
Table 8.5: Eletrobas regional subsidiaries responsible for generation and distribution .................... 161
Table 8.6: ESI characteristics in Chile......cccciiiiiiiiciiiiiciiire s rssss s rana e n s s ansa s e nnssssenns 163
Table 8.7: ESI characteristics in Colombia......c.ccicueeiiiiiiiiiiiiiire s ssss s e s s rsan s s e nnnssssenns 164
Xiv www.absenergyresearch.com



El' Brgy
(AES RC!SCLE'CH

Table 8.8: ESI characteristics in ECUAOT ..........ccco i 166
Table 8.9: ESI characteristics in Peru...........iiiiecirrr e e s mmnn e 167
Table 8.10:ESI characteristics in Uruguay ..........cccvciemmiiiimniiinness s s s ssss s sssss s 169
Table 8.11: ESI characteristics in Venezuela............oooimiiiiiiicceerrs e ssmms e s smnnne s 170
Table 9.1: ESI characteristics in MeXiCo ... s 176
Table 10.1: ESI characteristics in Canada ... e 181
Table 10.2: ESI characteristics in the United States ... 188
Table 11.1: Length of high and extra-high voltage overhead lines and cables ...........cccccrveeccerricncenn. 207
Table 11.2: Underground cables in medium voltage networks 0-50 kV 12 EU countries ..........ccccceeuut 207
Table 11.3: Underground cables in low voltage networks 200-400 V 11 EU countries............ccceeueens 208
Table 12.1: WeStern EUIOPE ......cooiii i iisiccsssscse e s s s sssssssssss s s s s s sss s s ssssne s e e s ses s ssnsneseessasssssnnnensssssnsssnnnnnnns 216
Table 12.2: EQStern EUIOPE ...t ssscre s s s s sssss s e s s s s s s ssmnne e e e s ss s samnne e e e e san s nmnenesessnssnnnnnnnns 218
JLIE= o1 (=T 770 B 0 219
L= L] L=t 70 - i o 220
Table 12.5: Middle EQSt........cccciccciiiiiciiiiiceensscses s sssssee s s s sssse s s ssne s s ssme e e s s sme e s s s mn e e s s s mn e e s smmeeessssmnenesssnnenes 224
LI 101 (=N 7 o= Vo | o 3 PSSR 224
JLIE= L] (=0t 70 A0 - X - T 225
Table 12.8: SOULh AMEIICA......cciiiiiiiiiiiir s s e s s e s s mmms e e e s s e s s mn e e e e e e s a s nnmnnnns 227
L= L] F= R A T 0= o 4= LY 4 =Y o 228
Table 12.10: NOIth AMEIICA ......coiiiieiir i mm s e e s amn e e e e e s s mnmnnnns 229
Table 13.1: Capital expenditure on generation, transmission and distribution in Japan 1993-2003.. 231
Table 14.1: Sample composition of US Utilities..........cccceeeiiriiiiicccccrrre s snne s 236
Table 16.1: Installed line lengths Km 1970-2010 (5 YIS) ....cccccririiicciimmermrrirssssssssmre s e s ss s sssssse s s s e ssssssssmsnenes 239
Table 16.2: Installed line lengths km 2004-2009 (1 YI) ....ccccirriiicccissmerrrrrrrssssssssssessssssssssssssssessssssssssnsneses 239
Table 16.3: Annual new and 40 year old line lengths Km ... 239
Table 16.4: Installed line lengths km 1970-2010 (5 YIS) ....cccceririemmrinnimrrinerr s 239
Table 16.5: Installed line lengths km 2004-2009 (1 YI) ..cccccerriiiiemmminerrrere s s nes 239
Table 16.6: Annual new and 40 year old line lengths Km.........cccociiiiiriinnnni e 239
Table 16.7: Installed capacity MVA 1970-2010 (5 YIS).....ccvcrrmnsiumrmmnniersmnsssnissssissss s ssssssssssssnnes 239
Table 16.8: Installed capacity MVA 2004-2009 (1 YI)...cccuurimrrmmmimmmmmsnsmissssssssssssssss s sssnees 239
Table 16.9: Annual new and 40 year old capacity MVA............. e 239
Table 16.10: T&D capital expenditure............cccccciiiiii i sssms e e s s smn e e e e s e e s s smnmnnnes 239
Table 16.11: Total T&D equipment market........ ..o s e e s mnnne s 239
Table 16.12: Power and distribution transformers............cccoiiiinrinrccsr e 239
Table 16.13: Switchgear MAarkets ........cccccviiiccciiiiie s sssr e e e s e e s s mnnn e eessssssnnmnnnes 239
Table 16.14: POWET SYStEMS ......ciiiiccceeieriiiissssssssere e s e s ssssssssmsr e e e esssssssssmseseeeessasssssmnsneesessasssssnnsnnssessnsssannnnnes 239
Table 16.15: Utility automation...........cccoiiiiiiiini 239
Table 16.16: HV insulated cables ...t s smn e s mmnn e 239
Table 16.17: OVErhead lINES .........cccccierrriiiiirccirrr s e s s ssns s e s sa s amnn e e e s se s s s mnn e e sesna s nnnnnnes 239
Table 16.18: Insulators, bushings and fittings ..........ccccviimiini e —— 239
Table 16.19: EHV transmissSion tOWErS.............u i 239

www.absenergyresearch.com XV



3. Europe

Albania
Austria
Belgium

Bosnia-Herzegovina

Bulgaria
Croatia
Cyprus
Czech Republic
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Iceland
Ireland

Italy

Latvia
Lithuania
Luxembourg
Macedonia
Malta
Netherlands
Norway
Poland
Portugal
Romania
Serbia Montenegro
Slovakia
Slovenia
Spain
Sweden
Switzerland
Turkey
United Kingdom

10

www.absenergyresearch.com



Eﬂel" Y
CAES PvCSC%"Ch

Albania
Table 3.1: ESI Characteristics in Albania

Generators - 1
KESH Korporata Elektroenergjetika Shqiptare
Vertically integrated state-owned power monopoly

Large companies present
Largest — Only KESH

TSO -1
KESH Korporata Elektroenergjetika Shqiptare
Legally unbundled

TSO independence
Ownership - Yes
Legal form - Yes
Organisation — Yes

TSO owner of grid assets — Yes, subsidiary of KESH

Network access — TPA legislation but no eligible customers or
suppliers

Market model — Not yet agreed, regulated market planned for
initial opening

Bilateral contracts — No

Monitoring of wholesale/balancing market — ni

Import capacity as % of installed capacity — 25%

DNO -1

KESH subsidiary
Separate from TSO — yes
Managed

Regulator — Electricity Regulatory Authority (ERE)
Ex-post

Implementation of market opening - None
Market opening 2005 — 8%
Full market opening - Not yet documented

How charges are set — Government sets

Dominant single generator within balancing area — 1

Number of active licensed suppliers — 1

Number of suppliers independent of DNO - 0

Number of suppliers with share > 5% - 1

Top 3 suppliers share — 100%

Switching since market opening
Large eligible industrial users — 0%
Small commercial / domestic — 0%

Eligible customers 2005 — 50GWh

Number of licensed suppliers other than DNOs — None

Exchange — None

Transmission line length (35 kV) — 3,812 km
Distribution line length — 41,142 km

The government department responsible for power
supply is the National Energy Committee, located in
the same office as the Ministry of Public Economy and
Privatisation. In 1997 operational responsibility for
generation, transmission and distribution was vested in
KESH, Kororata Elektroenergetike Shqipetare.
Distribution is via 38 subsidiary distribution entities,
including Shkoder, Elbasan and Vlora, which were
subject to an unsuccessful pilot privatisation project.
KESH as a whole and the distribution entities in
particular require considerable restructuring to improve
their operational efficiency, financial and commercial
discipline. High levels of non-technical losses and
widespread non-payment of electricity bills have
become chronic.

The transmission system operates at 35, 110, 220 and
400 kV. Total line lengths amounted to 3,812 km in
2005.

The distribution network is comprised of 41,142 km of
line at 10, 6 kV and 400 Volts.

Albania has the following international
interconnections with Greece and FR Serbia
Montenegro.

e One 400 kV crossing from Elbasan in central-
southeast Albania to Kardia in Northern Greece,
currently restricted to 230 MW due to the limited
capacity of the 400/220 kV sub-station at Elbasan.

e Two 220 kV lines, one from Vau Dejes in Albania
to Podgorica in Serbia Montenegro and a second
from Fierze in Albania to Prizren Serbia
Montenegro.

e A 110 kV line connects Bistrica in south Albania
with Mourtas in western Greece. The system
works in parallel with the European network via the
400 kV interconnection line from Elbasan to
Kardia. In 1992 a total of 185 HV substations had
a total installed capacity of 4,450 MVA.

A new link with Macedonia is planned.

Most of the equipment in the 220 and 110 kV
substations is of older Chinese, Russian or Serbia
Montenegron manufacture and many require

substantial rehabilitation. In many cases spare parts are no longer available. Inadequate maintenance and
development has resulted in a poor service which is not adequate or the country's needs. Work had begun
on the reconstruction of parts of the Albanian electricity network on the basis of a joint study by ENEL and
Albania's electricity corporation, with a substation in Tirana being modernised and future modernisation
planned for other substations. The programme of work also includes the construction of new substations
and the upgrading of the network's capacity, with most of the finance from an Italian government aid
package. A Power Transmission System Feasibility Study has been conducted by Electroconsult of Italy, to
plan for reliable operation by 2000 and to meet expected demand by 2005. The study recommended that the
development of the transmission system be based on the following criteria.

e 110 kV lines should be interconnected to operate as a mesh similar to the 220 kV system.
12 www.absenergyresearch.com
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e A single contingency including an outage of a 220 kV line, a 100 kV line or a substation transformer
should not cause a thermal overload or a curtailment of load.

e New 110 kV transformers will be either 16, 25 or 40 MVA with an overload capability of 30%.

e The minimum operating range of the 110 kV line to be 105kV and the maximum 125 kV, with a normal
level of 117 kV. The minimum and maximum voltage level should not be exceeded for any single
contingency.

e The minimum and maximum operating range of the 220 kV line should be 209 kV and 245 kV with a
normal level of 220 kV. The minimum and maximum voltage level should not be exceeded for any single
contingency.

e The system shall not cascade into a major outage for a three phase fault that would result in the loss of
the largest generator or a major 220 kV line.

The present 220 kV bulk system is adequate for load requirements up to 2005 but the 110 kV system is not
adequate, either in transmission facilities or in transformer capacity.

Albania faces a very difficult situation, with a lack of power, limited interconnection capacity and other
technical and organisational problems concerning the operation of the system. Although Albania is not a
formal member of UCTE, it is interconnected synchronously within the UCTE 2 and considering its
geographical position it will probably eventually be interconnected to the main UCTE grid together with the
other power systems in the region.

www.absenergyresearch.com 13



14. Methodology of Models and Forecasts

Methodology

The methodology of the market size estimates and forecasts of development of the transmission and
distribution systems consisted of four stages, combining a top-down and a bottom-up approach. This
methodology was found to be effective in creating the forecasts of electrical generating capacity in ABS
Power Predictor, the companion study to the present volume. This has been augmented with independent
forecasts for individual product groups which incorporate import and export data and where available
production data.

ABS has now built up a series of over 20 separate forecasts of different components and aspects of the
electricity supply industry globally. This collection of separate forecasts is valuable in providing validation of
each forecast. For example, a database and forecast has been constructed for power and distribution
transformers from commercial data (import, export and production figures). From the T&D Study, we can
estimate transformer demand as a constituent of total capex, since we have established how capex is
broken down. Each of these separate estimates either confirms of contradicts the other and we can reconcile
them.

Stage 1 - T&D forecasts

The Master Database

All available data about electrical installed capacity, transmission and distribution that we can locate is
entered into a master database, which ABS started in 1993 and is continually up-dating. We have been able
to augment this unique database continually since it was started and additional retrospective data become
available all the time. Each report in this series is therefore based on better source data than it predecessors
and sometimes the figure change radically. Generally there is less information available about transmission
and distribution than about generation.

Basic information about electricity generation and consumption is included in the database historically from
1970 to the present for every country and for the major countries representing 83% of the world’s installed
capacity as far back as 1950. Original information about transmission and distribution is included in the
database for 154 countries, varying in extent. In some cases it is extensive and over a period of time, in
other cases it is restricted to circuit lengths of transmission and/or distribution lines at one point in time. The
database contains information on the following areas:

¢ Installed generating capacity (MW), analysed by fuel type
e Transmission line lengths by voltage (kV),

e MV and LV distribution line lengths by voltage (kV and V),
e Transmission and distribution system capacity (MVA)

¢ Capital expenditure on generation, transmission and distribution, in some countries overall and in
some cases broken by generation, transmission and distribution separately.

Information has been obtained from utility company reports, national industry association reports, national
government statistics and international agencies.

The data available to the analyst is variable. Some very small national utilities have published exemplary
reports for many years, with all the information required. There are several in Africa, the Middle East and
Asia. The records of these countries are extremely valuable in providing benchmarks for similar economies
where only the most elementary electrical statistics exist and which have to be modelled.

Most of the industrialised countries publish reasonably comprehensive information but by no means all. Data
about distribution systems is much less common that for transmission. Detailed information is now becoming
available for many of the former Comecon countries, which is a major advance on the accessible information
available for the earlier editions of this report.

The data comes in so many forms and from so many sources that many conversions were required, the most
common being from miles to kilometres. The sources were not all for the same year, so care is taken to
ensure that data is recorded in the right year, where necessary being projected forwards or backwards to the
base year for forecasting.
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ABS is also building a library of maps of international systems and national networks, mostly reproduced
from maps published by national TSOs and major utilities.

Capital expenditure validation

We have located national capital expenditure data published by utilities for transmission and distribution for
19 individual countries, representing 63% of the world’s total estimated capital expenditure on transmission
and distribution.

The major manurfacturers of T&D equipment and systems publish various reports and presentations with
varying amounts of data. Some of these are detailed and contain market size estimates and shares for the
major manufacturers. The definitions and product categories differ from company to company but overall
these sources provide valuable confirmations of order of magnitude and rankings.

Two official international energy agencies publish estimates for Europe and the world, and these figures are
within 5% and 3.7% respectively.

Stage 2
A set of models was created for all countries, based on the date categories in the Master Database.
e Installed generating capacity, MW
e Transmission line lengths, circuit km
e Distribution line lengths, circuit km
e Transformer capacity, MVA
e Capital expenditure on transmission and distribution, US$
e Capital expenditure on HV transformers
e Capital expenditure on switchgear
o Capital expenditure on power systems
o Capital expenditure on utility automation
e Capital expenditure on HV insulated cable
¢ Capital expenditure on insulators, lightning arresters and fittings
e Capital expenditure on EHV transmission towers

These models forecast system data in five year intervals from 2000 to 2010 and annually from 2005 to 2010
and product data annually from 2005 to 2010. Where past data is available it has been entered and where
not available, estimates have been made. The global market was modelled on different criteria; installed
generating capacity, transmission line lengths and transformer capacity and a series of projections made.
Time series projections have been made on the basis of a number of variables.

The design of transmission and distribution networks varies considerably. Although there are patterns, there
are also many exceptions to the patterns. This is apparent when comparing the ratios of network step-down
transformer capacity (MVA) to installed generating capacity (MW). These ratios range from just under 2.2 to
7.5 and can be classified into three ranges. The high ratios exist in advanced countries with high levels of
industrialisation and residential coverage. The lowest levels exist in countries with very little industrialisation
and low domestic electrification. The patterns are clearer in the top and bottom category (> 6 and < 4) than in
the middle group (4-6).

MVA: MW > 6

33 countries have transmission and distribution systems with MVA capacity 6 or more times the installed
generating capacity, ranging from 2-3 times generating capacity in the transmission and sub-transmission
systems and 3-4 in the distribution system. They are mostly High Income, with dense population
concentrations (using World Bank classifications) in the Pacific, Europe and North America.
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Seven are Upper Middle Income countries among the richer Eastern European countries. Hong Kong,
Macau and several Caribbean islands also come into this category. These are the systems with well
developed ring main grids serving large numbers of urban domestic consumers and a wide range of
industrial and commercial customers. Typically these systems employ a lot of MV distribution drawing
electricity from different generating sources to provide backup in case of power outages.

MVA: MW -4 to 6

62 countries have an MVA: MW ratio between 4 and 6, indicating an intermediate network of both
transmission and distribution. This compares with 42 in the previous study, indicating a substantial
development of systems. These countries can be classified into several groups, ranging for those large
countries which have specifically identified inadequate EHV and HV transmission as an obstacle to
development; notably India and China.

Medium sized Upper Middle and Lower Middle Income countries. These include many of the CIS states and
others scattered around the world, without any significant pattern. They also include geographically small
countries without a need for much transmission capacity.

MVA: MW <4

Countries with an MVA: MW ratio of < 4 mostly have Lower or Lower Middle Income economies, primarily
developing countries in Asia or Africa. These countries have low electrification ratios. Because of distance
and low demand in rural areas, isolated systems and renewable sources are used to reduce the need for
transmission. The priority in these countries is to deliver power for centralised use, particularly industrial or
governmental. In some African countries the numbers of electricity customers is extremely small. Malawi has
41,000 domestic consumers out of a total of 53,000, Mozambique has 128,000 out of 149,000 and Namibia
has only 1,029 rural customers out of a total of 1,453. It was not the first priority of the planners to distribute
power widely and the most basic radial networks are used, transporting power from the generating point
direct to a few single users.

In many Low Income countries it is imperative to substitute electricity or another commercial fuel for
firewood. High levels of deforestation often exist and are on the increase. This not only causes ecological
problems but uses too much labour inefficiently. In Nepal forest covers 37% of the land area and is
diminishing at 100,000 hectares a year, while only 15,000 hectares are being reforested. It is estimated that
in the worst cases family members spend no less than five hours a day searching for firewood with the
consequent loss of productive labour to the economy.

Rural electrification is regarded as a priority in Upper Middle and Lower Middle Income developing countries
which are through the first economic hurdle, for several reasons. There is a genuine desire on the part of
governments to improve living conditions and to increase literacy by enabling people to read at night.
Perhaps a more pressing reason is a direct result of the rush for development, the need to reduce the flow of
rural population into cities. The emergence of "mega-cities" in the developing world is a phenomenon of the
last two to three decades and has urgent implications for network planners. The population of Mexico City
now exceeds 17 million. In the last fifteen years over 2,600 MW of generating capacity has been installed to
pump water and to process waste for the burgeoning population of the city. Before the massive inflow of rural
population no electricity was consumed for water and waste, which were catered for locally. The consequent
drain on the economy and the retardation of development is obvious. If rural areas had been electrified the
emigration to cities would have been reduced and local economies enhanced. The inefficiency is
compounded by the fact that when populations arrive in cities not only is the cost of other infrastructural
support services higher but large urban areas then have to be electrified. There will be changes in the
pattern of electrical distribution in these countries.

There are a few Upper Middle Income countries in Africa with an MVA: MW ratio of 4 or less.

These ratios form one of the data in-puts used to model the systems where no information exists and in
others to validate it.

Stage 3

A literature search together with interviews with executives in the power and engineering industries have
been conducted to construct a set of ratios of the composition of total capital cost for “its components; land
purchase or way rights, design and engineering, construction, M&L direct cost, FLOH indirect field cost and
finance cost. There are wide variations in the composition of these costs. Average figures should not be
used without careful evaluation of each situation but as an indicator. For example, there is a land cost in
constructing distribution networks for Greenfield developments but there is no additional land cost in up-
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grading either underground cables or overhead lines. Important issues in the transmission and distribution
sector were explored in these interviews.

A set of models was constructed for product composition within the market when producing the first edition of
this report in 1996. These models have been reviewed and adjustments made in 1999, in 2002 and 2004.

Stage 4

The final stage of analysis was a bottom-up examination of every estimate in the spreadsheets. Each figure
was scrutinised in the light of market experience and carefully evaluated. Particular attention has been paid
to evaluation of the actual achievements of governments against published development plans and targets.
This is an area requiring considerable experience of the markets because the outcomes are not always
obvious. An example is a comparison between India and Taiwan. Some knowledge of the Indian power
market will reveal very quickly that India has not achieved a single power target in the Development Plans
throughout the past fifty years and it is wise to be conservative about the targets in the current Ninth Plan. In
comparison, Taiwan has an extraordinary record of economic development and with a very efficient power
utility it is easy to accept that targets will be met. However, Taiwan is also experiencing a growing tide
towards grass roots democracy and rapidly escalating public awareness about environmental issues. This is
largely because of the pace of economic development which has lead to unchecked exploitation of resources
and lack of controls. As a result of this Taipower has had to revise its annual plans repeatedly, as protestors
block the construction of new power stations and overhead transmission lines.

Large country models — USA, China, Russia, Brazil

The Federal Electrical Reliability Council of the United States (FERC) publishes the most comprehensive
information and analysis of the country's electricity industry provided by any country, with one exception;
data about transmission below the bulk system operated at 230 kV and above is not collected and
consolidated.

Information was obtained for as many large investor owned and Federal or State-owned utilities as possible
and samples of 207 municipals and 198 rural cooperatives were itemised. The numbers sampled and the
universes in each category are shown below.

Table 14.1: Sample composition of US utilities

Ownership Sampled | Universe
Investors 187 216
Federal or State 119 189
Municipal transmission 207 1,085
Municipal distribution 207 1,718
Cooperative transmission 198 603
Cooperative distribution 198 764

Note that the municipals and cooperatives are a mixture of transmission and distribution companies, which
accounts for the lower numbers than the totals published by FERC. The data from the sampled utilities was
weighted up to the universe values to give a total estimate of distribution lines for the US. The figures
estimated in Ed 3 of this report were higher than those in Ed 2, firstly because of actual growth but also
because a larger sample was employed and we consider that the previous estimate was too low.

Russia publishes data for transmission but not for distribution. However, Ukraine has published
comprehensive data from 400 V to 800 kV, which has enabled us to construct a model for Russia, making
allowance for the long EHV transmission installations spanning the vast distances of the Russian Federation.

Likewise, China publishes data down to 35 kV but no lower. India publishes comprehensive figures for all
transmission, distribution and reticulation. We have used these to model China but have made one
allowance. The term "electrification" does not necessarily mean household electrification. In India a village is
classified as "electrified" by the Ministry of Power if only one electric connection point exists. 86% of villages
are classified as "electrified" but only 32% of rural households have direct access to electricity. In China
electrification applies to households. This means that a ratio of reticulation to distribution in China will be
higher than in India. However, it will not be that much higher because villages where electrification is only to
one point are relatively small places and the additional wires to reach every household are not very long.

In Brazil, comprehensive data is given for urban transmission and distribution and for additions in the annual
update of the 10 Year the Plan, to distribution in rural areas. The original installed base in rural areas is not
given. We have had to make a judgemental estimate of the installed base prior to the new electrification
programme.
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16. Transmission & Distribution System Forecasts
Transmission line lengths km
Table 16.1: Installed line lengths km 1970-2010 (5 yrs)

Table 16.2: Installed line lengths km 2004-2009 (1 yr)

Table 16.3: Annual new and 40 year old line lengths km
Distribution line lengths km

Table 16.4: Installed line lengths km 1970-2010 (5 yrs)
Table 16.5: Installed line lengths km 2004-2009 (1 yr)

Table 16.6: Annual new and 40 year old line lengths km
System capacity MVA

Table 16.7: Installed capacity MVA 1970-2010 (5 yrs)
Table 16.8: Installed capacity MVA 2004-2009 (1 yr)

Table 16.9: Annual new and 40 year old capacity MVA
Market forecasts

Table 16.10: T&D capital expenditure

Table 16.11: Total T&D equipment market

Table 16.12: Power and distribution transformers
Table 16.13: Switchgear markets

Table 16.14: Power systems

Table 16.15: Utility automation

Table 16.16: HV insulated cables

Table 16.17: Overhead lines

Table 16.18: Insulators, bushings and fittings

Table 16.19: EHV transmission towers
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