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ITALY 

At the beginning of the 70% UHV transmission was regarded as imminent in many countries in 
view of the expected concentration of generating units (possibly of the nuclear type and 
grouped toghether in a few large plants each of several GWÌ, and Research Projects were 
therefore launched in the U.SA, Canada, Italy, Japan, USSR, etc Nowadays, the expected 
introduction of UHV transmission seems remote due to the slowdown in electricity growth and 
to the tendency towards distributed generation. Nevertheless, there are exceptions: the 1200 
kV, 2400 km-long transmission system in operation in Siberia-Kazahkstan-Urals, and the 1100 
kV, 200 km double-circuit line under construction in Japan (which will, however, be operated 
at 500 kV up to the end of the century). In addition, in Italy, the research programme of the 
1000 kV Project has now been completed and a 1050 kV pilot plant is under construction in 
Tuscany, consisting of a short 1050 kV line and a 420/1050 kV, 1200 MVA substation. The 
technology of UHV A.C transmission has therefore been proved effective and may represent 
an available option for the power systems of the next century: its main technological features 
(with particular reference to the 1000 kV Project) are briefly recalled. From the power system 
banning point-of-view, UHVs favourable characteristics lie in the possibility or transmitting 
arge amount of power, of the order of 5 GWper circuit, with lower costs, reduced losses, and 
ess land occupation than in the case of EHV lines. The main obstacles are represented by 

public opposition to new lines and the tendency, in many countries, to use small generating 

1)lants distributed throughout the territory, with consequently less need for the transmission ot 
arge amounts of power. Given these considerations, resort to UHV A.C. transmission, to meet 

national and international transmission requirements in the next century, will therefore largely 
depend on evolution of the following factors: generating plant size, interconnection needs 
between large systems and environmental problems. 

1. HISTORY AND PRESENT SITUATION OF UHV AX. TRANSMISSION TECHNOLOGY 

1.1 The period of research (the 1970s) and of prototypes (1980-85) 

During the 70s, in several countries (USA, USSR, Japan, Italy), research projects were 
launched to look into the economic feasibility of a transmission at a voltage level higher than 
1000 kV (UHV transmission). The main reason was defined, at that time, as follows [1]: The 
need to transmit larger amounts of power, in many cases from remote generating plants, is one 
of the decisive factors in the setting up of new and higher voltage levels. Ir. densely-populated 
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countries, it is also necessary to limit the density of the installations in order to reduce the ; 
space deterioration of the environment". \ 

Moreover, due to the contemporaneous increase in voltage and current, the experience gained ; 
in designing and manufacturingcomponents for systems operating at lower voltages could not 
be directly extrapolated to UHV applications without accepting high technical and financial 
risks. The following main problems were envisaged at that time in the following terms: 
- "A more severe control of overvoltages is required for solutions acceptable from the 

economic point of view; this also means the need for a better knowledge of the insulation 
behaviour at operating voltage. 

- There are phenomena, such as the withstand voltage of external insulation in certain 
polluted conditions, which are not linear with the insulator length, and thus with the voltage 
level. 

- Other phenomena, such as audible noise and electric field at ground, may affect 
considerably the design of overhead lines, especially in densely populated areas. 

- The impact of overhead lines on the landscape may also become an important factor for the 
design, particulary when the line crosses areas of great natural beauty. 

- Additional losses in conducting materials, due to the presence of relatively high A.C 
magnetic fields, may cause thermal problems requiring special attention. 

• Special attention should also be given to the mechanical problems connected with the size 
and weight of components (especially line components) and to the electrodynamic problems 
related to short-circuit currents. 

• It may be required to limit size and weight of machinery (especially transformers) for 
transportation reasons". 

Advantages emerging from early investigations were referred to, including the "possibility of 
avoiding overdimensioning due to incomplete knowledge of the problems" and "technology 
improvements (spin-off) in lower voltages (EHV)". The results of the above research were 
nearly complete, in all the countries involved, at the beginning of the 80s and were summarized 
in a 1983 OGRE report [21. The characteristics of the prototypes of the line components and 
of the equipment that, in those years (80-85) had been designed, developed and tested were 
given in another report (1988) by CIGRE [3]; all in all the conclusion reached was that "the 
technology of UHv A.C. transmission is now available for practical applications". 

12 Applications planned in the 90s 

The world's first UHV commercial transmission plant in operation (1985) was a 497-km 
section (and two switchyards) of the 1200 kV, 2400 km long transmission system that will 
connect the coal-fired generating plant of Liberia (Ekibastuz) to the load centers of 
Kazakhstan and Urals [4]. At present, more than 1900 km have been built thus interconnecting 
the three power systems of Siberia, Kazakhstan, and Urals. 
In Japan, Tokio EPCo announced in 1984 its plan to build a double-circuit transmission line 
designed for 1100 kV. The line, now under construction, will initially be operated at 500 kV as 
part of a 250-km transmission corridor from a remote nuclear power plant on the Sea of Japan 
to the south western tip of the existing 500 kV system. Upgrading the operating voltage to the 
planned 1100 kV shall take place within the first decade of the twenty-first century [3]. 
Other countries (Argentina, Canada, Brazil, China, Italy, USA) that had considered UHV 
transmission as a possible option for their countries have at present no definite plans for its 
use. 
In Italy, ENEL, after comp etine the first two stages (Research and Prototypes) of its 1000-kV 
Project is now completing [5] the 3rd stage (Demonstration) with the construction of a short 
1050 kV, 3 km long line and a 420/1050 kv, 1200 MVA, (SF6) trasformation substation. 
In Brazil exploitation of the Amazonian hydro resources envisages the transmission of several 
GW over more than 1000 km and UHV A.C. transmission is being actively studied as an 
alternative to D.C. transmission [6], 
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2. MAIN CHARACTERISTICS OF UHV A.C. TECHNOLOGY 

The main characteristics of all the components in the Italian Project are listed in the Appendix. 
The results of the research that preceded their design are given in [5].Technical data of the 
UHV lines and equipment of the other Projects in the 1050-1600 kV range are given in [23,4,1 
and were summarized in Table I of Report [3]. 
From now on, reference will be made only to those characteristics that have a major impact on 
power system planning, operation and environmental problems. 

Rated capacity. With reference to 1050-1200 kV rangejine transmission capacity is in the 5000-
6500 Mw range per circuit and the size of the autotransformers to the lower voltage levels 
(400 kV - 500 kV) ranges from 2400 to 3000 MVA (banks of 3 single phase units). 

Costs. Fig. 1 shows the theoretical decrease in transmission costs when increasing the voltage 
levels: a ratio of about three is envisaged between cost per MW transmitted at 420 kV with 
respect to cost per MW transmitted at 1050 kV level. 
For transmission distances of the order of 1000 to 3000 km, and for high load factor (6000 
h/years) the specific cost of transmitting 10 GW with two UHV lines is estimated to be about 
10 mills $/kwh per 1000 km. 

Environmental problems. The size and shape of the towers for the three projects of URSS, 
Japan and Italy are shown in Fig. 2. 
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Fig.1 - Specific yearly transmission costs 
($/MW*km*year) expressed in p.u. as a function of 
power transmitted in respect of various voltage levels. 

Fig2 . Characteristic of the towers for the three 
projects of ex-USSR, Japan and Italy. 

The size of the towers and the right-of-way width increase {when increasing the rated voltage) 
much less than the transmission capacity: the USSR 1200 kV lines have 6 times the 
transmission capacity of 500 kV lines, while distances betweenphases is only 2.19 times higher. 
The transmitted power per unit of space occupied is therefore increased 2.74 times. 
The Italian and Japanese projects have similar favourable characteristics: the interphase 
distance in the circus tower of Italian 1050 kV lines is only twice that of a conventional 420 kV 
line, while the relevant transmission capacity (at S.I.L.) is 7.5 times greater; consequently the 
transmitted power per unit of space occupied is increased by a factor of 3.75. 
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Audible noise, radio interference and electric and magnetic field at ground can be limited to 
values similar to those of EHV lines. For the sake of comparison Fig. 3 shows electric and 
magnetic fields for typical double-circuit lines at 420 kV (one with H - l l m,current ENEL 
practice.and one with H=8 m, minimum clearance required by the Italian National Standard) 
and the 1050 kV pilot line. 
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Fig. 3 • Electric and magnetic fields at 1 m above ground in the erase sections corresponding to the 
conductor-toground clearances: a) 420 kV (1500A); b) 1050 kV (4000A). Exposure limits suggested by 
RPA/INIRC for the general public are also shown. 

As far as visual impact is concerned, despite some previous attempts to quantify it, no one has 
yet established any definite formulas or criteria. For the sake of comparison, albeit 
approximate, it might perhaps be sufficient just to mention that, again with reference to the 
Italian Project and to the same span lengths, the height of the circus tower is 50 m as compared 
with the 32 m of the 420 kV single-circuit tower and the 50 m of the 420 kV double-circuit 
tower. However, for the same transmission capacity, one 1050 kV tower should be considered 
as against 6 to 8 single-circuit towers at 420 kv and 3 to 4 double-circuit towers at 420 kV. This 
means that, using UHV transmission, much less territory and a smaller proportion of 
population will be affected by land occupation and visual impact 

Operation, maintenance, reliability. Given the importance of one UHV line, transmitting 
power of the order of 5 uW, its reliability must be as high as possible and all the projects have 
carefully studied this problem: 
- as regards forced outages, data from USSR first years of operation [4] give 0,12 failures/yes' 

(per 100 km) for UHV lines, while 0,11 failures/year is the figure given for 
autotransformers. Moreover these figures, which are already quite satisfacto'v, are expected 
to decrease further once "teething troubles" have been overcome and singl* phase automatic 
reclosing has been fully exploited. 

- Scheduled outages, due to planned maintenance of the lines, can be reduced thanks to live-
line work, which is currently used in USSR 1200 kV lines. 

r 

UHV line acceptability. In the industrialized countries, the present concern of public opinion 
and authorities about the possible biological effects of power line fields, and the consequent 
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increasing opposition to the construction of H / overhead lines, might negatively affect the 
prospects of introducing UHV transmission, despite its economic and environmental 
advantages as compared with lower voltage transmission. 

However, it seems reasonable to expect the situation to improve, provided sound standards on 
limits of exposure to electric and magnetic fields are introduced; assuming, of course that such 
limits were not unnecessarily restrictive and therefore also critical for lower voltage levels. For 
instance, the limits suggested by IRPA/IN1RC - which have already received a wide consensus 
in many European Countries and have been officially adopted by Australia - could represent a 
valid point of reference. 

Indeed, once certain limits bave been generally accepted as an effective measure to prevent 
people from undesirable health effects due to power-line fields, the economic and 
environmental advantages offered by UHV transmission will probably be considered by the 
public opinion with much more attention and interest than at present 

3. THE ANTICIPATED ROLE OF UHV A.C TRANSMISSION IN THE 21 CENTURY 

On the basis of the above characteristics, it may be said that the goals set at the beginning of 
the 70s have been achieved: UHV lines with 5 GW transmission capacity per circuit and 
reduced territory encumbrance can now be employed for the transmission of large amounts of 
powcr.Transrnission distances of up to 3000 km or more can be achieved at reasonable cost per 
MW and per km. For these distances D.C. transmission, (highest voltage level in operation 
±600 kV, with 3 GW transmission capacity), here not considered, can also be used, mainly for 
point-to-point transmission schemes. 

The main reasons for the use of UHV transmission in 21st century power systems lie in: 
- the exploitation of cheap energy sources (hydro, open cast coal), located a long way from 

load centres 
. the interconnection of large power systems 
- the transmission of large amounts ot power in areas with bniited right-of-way availability. 

S The construction of the already mentioned 1200 kV (>2000 km) line from Siberia to the 
rais is justified by the first and second of the above reasons (exploitation of the Ekibastuz 

coal fields and interconnection of the Siberia, Kazakh and Urals systems). 
Similar functions could be performed by a UHVC A.C. transmission system, now under study 
as an alternative to HVDC, for the exploitation of the huge hydropofential (> 20 GW firm 
capacity) of the Amazon basin in Brazil. In this case, too, the transmission function (over 
distances exceeding of 1000 km) could be combined with interconnection of the existing EHV 
(plainly at 500 kV) Brazilian power systems. 
For the above type of UHV A.C. application, it is important to bear in mind tbeprerequisite 
not only of a large and economical primary energy source, but also of powerful receiving 
systems (within a distance of the order of 1000 to 3000 km) able to receive and to redistribuite, 
at the lower voltage levels and thence throughout the land, large amounts of power (eg. 2000 
MW per substation). This second prereouisite is one of the major obstacles to the exploitation 
of a few-remote energy sources available (e.g. the Inga falls in Zaire, with 30 GW of hydro 
potential). 
Indeed, one of the challenges of the 21st century could be the development of high-energy 
intensive electricity uses in areas (Africa, Brasij, Argentina, China, etc.) that could be fed, 
through UHV transmission systems from unexploited.cheap primary energy sources. 

b) The use of UHV lines might also serve purely for the interconnection of large existing 
power systems, a typical example of which could be the Western Europe (UCPTE) and 
Eastern Europe systems or the Canadian and US systems. 
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This type of application is presently the subject of research and debates, with varying different 
opinions as to potential benefits. As matter in fact, a purely interconnection function can 
hardly be justified when the systems are very large: indeed one of the main reasons for 
interconnecting large power systems is the possibility of reducing the overall generating reserve 
margins (cold and running); but this advantage tends to saturate when the size of generating 

Elants becomes a small percentage of the system, as happens when the latter is very large, 
[evertheless, other possible benefits should be carefully evaluated, such as, for example: 

The possibility of reducing the overall peak of interconnected power systems because of 
different seasonal and daily load shapes (different climates, time lag, differing structures 
of electrical applications, etc, may create big difference? m demand curves); 
The possibility of a better exploitation of electricity surplus (eg. seasonal hydro, etc) that 
may result in a mutual financial advantage in dairy exchanges, even over very long 
distances. 

For the above reasons the superposition of few UHV lines on the existing EHV systems could 
be advantageous by making it much easier to exchange large amounts of energy. The difficulty 
in installing new lines may be a major obstacle, but UHv offers the advantages of limiting, 
given the same interconnection capacity, the number of nece sary corridors. 

c) Lastly, the third type of application: transmission of large amounts of power in territory with 
touted right-of-way availability. No doubt, in densely-populated areas (such as Italy and 
Europe in general, or Japan, etc) the installation of new lines will encounter increasing 
difficulties. However, also m the light of what have been said above about line acceptability, it 
is the authors' opinion that the problem of electromagnetic fields will probably not, in the 
future, be the real obstacle, but rather territory encumbrance and aesthetic considerations. 
Therefore, the use of one UHV line instead of several EHV fines would undoubtedly be 
advantageous. 
To forecast applications of this type in the 21st century is not easy: the need to transmit large 
amount of powers ( eg>5 GW per corridor ) in densery^xipulated cotmtries over short distances 
will depend very much o» the type of generating plant used: if the trend is to be in favour of 
small generating-plants distributed all over the territory, then UHV transmission will probably 
not be needed. 

4. CONCLUSIONS 

• UHV A.C. transmission technology is now available with fines having 4 - 6 GW transmission 
capacity per circuit that are less costly and cumbersome compared with EHV systems of same 
capacity. 
• The use of UHV transmission for the exploitation of energy sources (hydro, coal) remote 
from load centers is an already existing application that could continue provided that strong 
power systems (able to receive large amounts of energy and power) are available in the future 
within a range of 1000-3000 km from the source. 
- The interconnection of large existing power systems is a second interesting application. 
However, opinions vary as to its potential benefits, and studies are currently being conducted 
to arrive at quantitative evaluations of the advantages and disavantages. Large potential 
benefits may derive from different load shapes and alio from daily trading of cheap residual 
electricity. 
• Use of UHV transmission in densely-populated areas, even over short distances, could be an 
interesting optica to overcome the problems of the limited space availability. This type of use 
will depend nvinry on the type of generation favoured in the 21st century (small-sized plants, 
distributed all over the territory, running of course contrary to the use of UHV) and on 
acceptance of UHV by the public and authorities. 
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APPENDIX 

1000 KV PILOT PLANT 

On the basis of the results of a wide-ranging program of research, [S], the characteristics of the 
components (line, substation, cable and transformer) have been chosen and the pilot plant, 
which include all the above components, is now under completion in Suvereto. The short 
section of line has already been erected, autotransformers and SFg substation already 
manufactured, the civil works and assembling operation are in progress. 
The characteristics of the components are briefly described below. 

Overhead line. The main problems to be solved in finding a suitable design for UHV lines 
include the limitation of the land occupation and the visual impact on the landscape, at a same 
time ensuring a satisfactory level of electrical and mechanical reliability. Research on towers 
were therefore focused mainly on development of non-conventional tower designs which are 
the most suitable to fulfil the above requirements. In co-operation with Italian manufacturers, 
a number of non-conventional towers were designed and constructed and the guyed tower 
(known as the "circus"), designed by Enel, has been selected as the basic type tor the pilot 
plant On this tower, the insulator strings supporting the conductors, have an important 
structural function that makes it possible to eliminate steel structures between the phases, thus 
allowing a considerable reduction in line corridor width as compared with conventional 
solutions. This structure has a high degree of both modularity (with a small munber of 
standardised parts it is possible to erect masts of different dimensions and mechanical loading 
capacities) and flexibility (it is easy to vary the distance between phases, the height of the 
masts, etc, depending on the requirements and problems posed by routing). 
Table I gives the basic design parameters adopted for the conductors and insulation distances 
As regards the height above ground of conductors, a minimum height above ground of 173 m 
was chosen, which nilfill the requirments of Italian National Standard. 
In these conditions, the maximum electric field is less than 10 kV/m, while its value at the 
right-of-way borders does not exceed 5 kV/m. 

LINE 

TABLE I - Design data for the 1050 kV pilot phut 

SUBSTATION (metalclad) 

Power conductor 
-Symmetrica] bundle with 8 9 31,5 mm snbconductors 

Insulation distances: 
• phase-to-tower air clearances 
a) phase-to-structure: 7,00 m 
b) phase-to-rope: 5,20 m 

- phase-to-tower insulator string length: 730 m 
- phase-to-phase air clearance: 12 m 
• phase-to-phase insulator string length: 134 •»• 

Rated voltage 1050KV 
Frequency 50Hz 
Rated current of equipment * 6000A 
Rated current of busbars 8000A 
Rated short-time current 63kA 
Lightning impulse withstand voltage 2250kV 
Switching impulse withstand voltage 1675kV 

Design loads were determined on the basis of the Italian National Standards (based on 
working loads and safety factors) and also in respect of IEC Recommendations [7] (based on 
limit states). 
Insulating strings are made of 400 kN cap-and-pin, toughened-glass insulators. Fittings have 
been designed such as to connect a variable number of insulating strings (quadruple pnase-to-
structure strings and triple phase-to-phase strings). Masts have a latticed structure, with a 
square section/Two mast families were sufficient to meet the requirements of the first section 
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of 1050-kV line; each consists of masts having common tapered extremities and central straight 
bodies of variable length. Each guy is made of a pair of steel wires connected by extremity 
yokes, in order to ensure uniform load distribution. Surface block made of reinforced concrete 
was chosen for mast foundations and thick slab of reinforced concrete for guys foundations. 

Substation. Technical and economic reasons, together with the need to limit the amount of 
land occupied, led to the choice of a metalclad SFg insulated substations whose ratings are 
shown in Table 1. 
The pilot plant substation includes a complete line bay, a double busbar system and a second 
bay (without circuit breaker at the initial stage) for connecting the autotransformers to the 
busbar system. 
The circuit breaker consists of four interrupters per pole, whith opening and closing resistors 
for the limitation of switching surges- Disconnectors are provided with auxiliary resistors, to 
limit the high frequency overvoltages caused by the switching of the capacity current of busbar 
sections. 
The substation will be connected to the overhead line by means of a section of 1050 kV self 

contained, oil filled cable, about 600 m long. The transmission capability is 7 GW (9 GW in 
emergency); conductor cross-section is 1250 mm2; overall, conductor, od duct diameters are 
155 mm, 573 mm, 40 mm respectively. 
An open air bypass, insulated for 1050 kV, will be provided to supply the line at 420kV in the 
event of maintenance or special tests on UHV substation equipment 
Banks of three single-phase autotransformers have been adopted, and modular manufacturing 
techniques were developed so that, depending on the power rating required, each single-phase 
unit can be made with one or more basic modules. The solution adopted has the following 
main characteristics: rated power 3x400 MVA; rated voltage 1000:73/400: /3/1Z5 kV; LIWL 
2250 kV; SIWL1800 kV; Z 15%; weight (without Ml) 2301; size for transportation: 8.5 m x 4.4 
m x 4.7 m (height). 
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