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the world is a dlrect result of the vast and successful expansnon of the energy dellvery

systems oF these nations. Energy is the life: b]ood of the |ndustr|al world and

contlnued growth and development depend upon the ablllty of energy systems to deliver
\
increased Flowsjto its industrial and resndentlaﬂ cells.

Growth of World Energy Consumptfon‘

World consdmption of energy increased from 77, 000’trillion BTU’s'in 1950 to

‘nearly 190 000 trllllon BTU's in 1968 - a growth rate of 5 5%. Per Capita consumptlon

" rose From 30 7 mllllon to 54.5 mlillon BTU's - a 3.5% rate of expan5|on Table. |

lists the ]950 and 1968 data for the major lndustrlallzed natlons 1.n

Introduction _ E
' . The unprededented period of poet war growth‘in the inddstrialized natiens or

' TotanConsumption N 1968
in Trillion BTU - Consumption n % of World
. 1950 1968 . -_Per'Capita Consumption
canada - 2,707 6,162 o 296.3 3.
United States 3,153 62,432 3103 32.9
\estern Europe © 17,483 - L1,584 | -118.6(. o219 -
Japan. 1,739 8,691 vf 8.0 '»818 -
Eastern Edrope’ | . hh,ﬁlh. 11,215 \ R 107.7fk . 5.9
USSR . o 8,427 ’28,628 - C 20k li;l,
Total =~ 62,923-“158,712 , e | | 87.8

) Whi]e.werld GNP is grewing at‘about_S% and eneigy COnSUﬁntioniat_S.S%,
electrical energy usage has been~increastng'at 8% per yeer. | - |
| The purpose of thlS study was to explore likely Future.developnents in one
oF the key components of e]ectrlca! energy systems - pane]usts were asked to state
thelr views about the likely utilization of new teehno]ogles For the transmnssnon.and’

distribution of power during this century.

1 Schurr,/Sam'H. “Energy, Economlc Growth and the. Envnronmentﬂ, Johns Hopkins
University Press, Baltimore, Aprll 1971, p. 179.



‘The Dilemma of Technologists -
| In the early post World War 11 pefiod econéﬁic’and techpofogical criteria
were the principal determinan;s of change and the fuhdamenfal quéstjons for deciéién«
makers were: | .
- 1{s it technologically feasible?
-~ Does it have economic advantages over other aiternatives?

‘Today the questions fhat'de;ision‘makérs féce‘are both more numerous .and more
complex. Typical of the technologists' di lemma afe the conflicting pressures faced
by the electric power industry fn devéloped countfies. On the one hand rapfdly
increasing demand requires that more and more power be delivered to industrial and
residential customers while at the same t%meyenvironmenté] pressures.a}e'growing_to
lfﬁit the sodrces of powe and'thg traditional bulk transmissioﬁ structures designed

'to produce and deliver the required energy. |

The‘Delphﬂ‘paﬁel in fhfs’study therefore was asked to qonsiaer ndt only the

timing of.techﬁplogical developmients, but also the impact upon the impleméntation of
' feasib]e %utqre téchnd]ogies‘of moré 3u5tle factors sucﬁ as environmental demands,
the evolution of societél attitUdes,Aeéonomic factors .and politfcal pressurés before-
coming to a décisiqn aBouf thé likeifhood of a.deVelopment beingﬁadobted. |

Forecasting is an attempt to describe the nature, shapé and timing of future

evehts.’ The de]fvery systems for electrical power are - the energy hjghwayé that allow
industrialized nations to eﬁist and grow;and are so critically important to society
that if ié essentﬁéi that decision makers in government and industry havelaCceés to
forecasts of ‘probable devéiopments séoﬁ enough to allow long range plans to be formea
and implemented. Thjs study was madg to help provide such information.

The specific areas examined-in the study were:

- Use’of AC and DC transmissioﬁ.'

- The evolving mix of underground and ovefhead,transmissiOn.

= Future trends in Ultra High Voltage transmission technologies.




- Deyelopments~inhtranSformer'and converslon technologies,
Methodology |
Tradltlonally planners have relied upon quantltatlve prOJectlons ot past
trends:to estebllsh the.parameters of the future. Thus approach has three problems.
a. In a world where the basnc values in developed socretles seem to- |
be changing at an acceleratlng pace, substantlal diSCOntanltleS
might be expected.to make the’future.slgnificantly different from.
'the past. | | ) |
b. Aftluence creates more elterhatlves, whlch;‘in wealthy nations, means.
that.cholces wil]‘more'often be‘deliberately'made.from the ayai!able
technologlcel optlons based upon"other‘than econbmicncriteria.
‘_Projectlons cannot reflect the results of this'choosing process.
c. Extrepolationsiof past-trends~are more useful when forecastlng
'on a Macro basls for the whole economy as minor confllctlng
trends tend to balance out but are - unrellable when forecastlng
developments in a relatlvely small segment of the economyr
For these ‘reasons qualltatlve forecasts,~based upon a systematlc'eyaluation“
{
of the |nteract|ng varlables by quallfled 1nd|v1duals,1are becoming a much more
lmportant Weapon in the.planners arsenal. The Delphn technlque used in thls study,
|s the best avallable technlque for the systematlc collectlon end analySIs of
quallfled oplnlon ‘in a given field. Delphl has been used extens:vely in government
and businessiforecastlng. A wide.spectrum of_subJects has :been explored-lncludlng
computer developments, future educatlonél end‘medlcal technology;iend social'change.

The results'from.a Delphi study (or'any other forecast) should be considered as an

analytical input to, not as a subStitute_fonymanagementvdeclsion making.




The Deiphi Technique
Delphi was developed at the Rand Corporation By Olaf Helmer and Norman
Dalkey. Essentfa1ly it was a method qu deQelqping aﬁd fmproving ' |
consensus on any numerical eéfimate- ~ With the Delphi method a panel of individuéls,
who are knowlédgeable in the area to‘be explofed, fprecast‘likely developments in
that field. The disfinguishing feature of the technique is that it utilizes two or
more rounds of questionnaire to explore the opinions of the pénel with statistical
data and summaries of vieﬁs of the other panelists beiné‘fed Back to individual
partiﬁipants after each round.v This procedure creates a modified form of group
interaction and exchange of views. it, at the same’time, removes many of the
counter productlve elements presents in face to face meetlngs such as the effect
of status, group pressures to conform to majority opinlon ‘the persuaSIve or dominént
personality who may be quite wrong, and many other |nterper$onal variab]es; It
repfaces these influences with some distinctly différen£ chéraqteristics - notably
anonymlty, interactidn and controlled feedback « all of‘which tend to foster calm,
contemplat|ve consuderat;on of the issues. Reasonably comprehensive evaluations of
the technique have found that it is a significant:improvement Qvér-no}mal group
meetings.both in terms of arriving atlé group consensus and iﬁ_improviqg the accuracy
of forecasts. 2 |
.In this study two rounds of questionnaire were uSéd as follows -
Round | = posed a number of possible dévelopments»and requestéd the’
" panelists fo estimate whether or not the developments onld
_pccur-and if so, tHe range of probabilit}es<pf occurrence.

over a thirty-yeér time frame. 4Participants were also asked

to suggest other possible events or déveIOpments to be included-

in Round I1.

2 Campbell,Robert M., '"Methodological Study of the Utilization of Ekﬁerts in Business
Forecasting, Unpublished Ph.D. dissertation, University of California, Los Angeles,
September 1966, ‘




V_Round 11 e The median and interquartd]e range of anSwers; along.with‘the'
| comments, were fed back for each question. Panelists were
.asked to- reconsuder their answers in ‘the Ilght of ‘the group.
opinion‘and came to a final conc]usion for each question;'
The'Pane] ) | (
it is clear that the quallty of the results of a Delphi- study depends entlrely

upon the. calnbre of the partlcupants Selected |nd|V|duals ‘with experlence and skllls

in admlnlstratlon,<research, planning, and engineering in the electrical poWer field

- from Canada, the United States, Great Britain, Sweden, 'France ltaly and Japan
participated in this study. Respondents iwere asked to allow the|r names to be listed -

i as participants. Those who agreed{were:-

Mr. Keith Alexander " - o Mr Lionel Boulet

Canada Wire and Cable lelted _ S Hydro Quebec Instltute of Research
Noranda Research Centre,. : B _  Varennes, Québec Canada

Pointe Claire, P.Q. Canada :

. : _ - . . Mr. Don Brooking, Mr. R, E. Harrison,
Mr.' John G. Anderson,. : ' Teshmont Consultants Ltd.,
General Electric Company, o : T WInnlpeg, Manitoba’; ﬂCanada

Schenectady, New York ULSAY : I C ‘ '

Mr. Jack G. Cassan,

© Mr. Nabuo Anduo, ' SR - Ontario Hydro,

Hitachi Cable Ltd H|tach|-Sh|,_ , " u:Toronto, Ontarlo Canada

'Ibaraku—Ken Japan

Mr. B.B. Chrlstensen,

‘Mr . Franco Arnattn, E. . 'Alcan Canada Products Limited,
E.N.E.L. =~ D.P.T. - ‘ B ~ Toronto=Dominion Centre Toronto
Via G.B. Martini, Roma, [taly. : Ontarlo ‘Canhada.

Mr. K.A. Austin, ' o e ‘Jacques Cladé

Balfour Beatty Co. lelted o B Adjoint au Chef du. CERT

Thornton Heath, Surrey, England. .Parls, ‘France. _

Mr. Thomas Ayers : B o T Mr. Adalglso Co]ombo*ﬁ
Commonwealth Edison Company, | SRS c/o CESI = Via Rubattino,:
Chicago, Illinois. U.S.A. o - Milano, Ita]y

Prof. R. Billington, - ‘ ‘ : -Mr. F.C. Creed,

University of Saskatchewan, ' ‘ ~ - National Research Council,
Saskatoon, Saskatchewan Canada. T ‘ thtawa Ontar|o Canada \
Mr. Cllfford C. Dlemond o . o Mr. Marcel R, Moreau,

United States Department of the - . E.d.F. Service ERMEL,

Interior, Bonneville Power Adm|n|strat|on, .Clamart, France,
Portland, Oregon, U.S.A,. ' o



Mr. John Dougherty,
Philadelphia Electric Company,
Philadelphia, Penn. U.S.A.

Mr. John M. Dyer, ,
Public Service Co. of Oklahoma,
Tulsa, Oklahoma. U.S.A.

Mr. John D, Endacott

British Insulated Callender S Cables,

Bclvedere Kent. England.

Mr. P. Feintuch,

Direction des études et Recherches,
Electricité de France,

Paris, France.

Mr, R.M. Fraser,
Manitoba Hydro,
Winnipeg, Manitoba, Canada .-

Mr, Erlc T.B. Gross,

Rensselaer Polytechnic lnst:tute
Troy, New York. U.S.A.

Mr. A.R. Hailey, :
Canadian General Electric,
Peterborough, Ontario. Canada.

Mr. A.N. Karas,
National Energy Board,
Ottawa, Ontario. Canada,

Mr. Stephen A. Mallard,

Public Service Electric and
Gas Company,

Newark, New Jersey. U.S. A.

Mr. Hein M&rtensson,
ASEA, Division for Power Transmission
Products, Fack, Ludivika, Sweden.

Mr. D. McGilles,
Hydro Quebec,
Montreal, Québec. Canada.
Mr. James E. Mielke,
Northern States Power Co.,
Minneapolis, Minnesota,
U.S.A,

Hyogoku,

Mr. Hisao Mukae,
Mitsubishi Electrlc Corporatlon
Kobe, Japan.,

Mr. Kaneyoshi Murotani,

c/o Nissin Electric Co. Ltd.,
Jkyo=-Ku, Kyoto, Japan.

Mr. Lucien Orgeret,

Société Delle~Alsthom,
Villeurbanne, France.

Mr. Luigi Parls,
ENEL, Centro Nazionale Studi e Progettl
Roma Italy.

- Mr. Luc:o Rebuffat,

c/o ENEL, Viale Kennedy Palazzo Laudnero
Napoli, ltaly

Mr. France Reggiani,
c/o ENEL, Roma, ltaly.

Dr. Lloyd Reid,

Institute for Aerospace Studies,
University of Toronto,
Downsview, Ontario. Canada,

Mr,.Edward.F; Reis,'
Pennsylvania Power & Light Co.,
AlTéntown, Pennsylvania. U.S.A.

Mr. C.L. Rudasill,
Virginia Electric and Power Co
Richmond, Virginia. U,S.A.

© Mr. A R. Scott

Dept. of Energy, Mines. and Resources
Ottawa, Ontario, Canada,

Mr. Thomas C. Shirley,

. Kentucky Rural Electric Co=op Corp.,

Louisville, Kentucky. U.S.A.

i

Df. G.R. Slemon, . :
Dept. of Electrical Engineering,

" University of Toronto,

Toronto, Ontario. Canada.

Mr. Colin M, Stairs,

. Canadidn General Electric Co. Limited,

Peterborough .Ontario. Canada
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"co-operation;’

v

Interest in the study Was‘consiéfehtTy high and 91% of the panelists

:compléted‘bbth‘founds.. We would 1ike to thank our distinguished panel for theik

{
.

'Thé"Reporting Format of the Study -Results

The study consisted of a general section which $ought ~the opinions of

i

~ panelists on the broéd directions thaf e]ectrf@a] distribution systems would 1ikely.

“follow.. This section included explorations of Overhead vs Underground transmission, the

/-

évo]ying'patterns‘of use of AC vs DC‘éystems and a number of possible unique or

Qiffereht long term approaches to the widespread provision ofﬁpowerfto residences

\

and industries.. This genefé] sectidn was F6]10wed by two mbre,deta?]édiﬁéctfoﬁs

in which opfnfqns were gathered"Qn'likely.futgre technological déveiopménts‘ih

‘UHV ana Underground trénsmissién; “Thévfiﬁélnsécfjon covered boséib]e miscel laneous
deveiophenté in e]ecfrida]"transmfésibh and dis’f_c‘r‘ib;ifiohT |

| - The reéort will prESént staiisticé1 fabies; comhents,and spmﬁéries_of
cémmenfg oh‘thesé subjects fn.thelsame ordef*as the questhﬁqéire5: |

. The statistical resglts include the panels' estimate of tﬁé prObabiiity‘

of occurrence by the yéér_ZOOO and the’Medjan;“lnterquaftile Range and Range of

>

those estimates which Fbrécasted the use of technologies before 2000. Aﬁ-éxamp]e 

" is shown below.

A - Median Estimate of Responses Predicting Occurience by 2000
~—= = |nterquartile Range of Responses Predicting Occurrence by 2000 .
e ® - Range of Responses Predicting Occurrence by 2000

!

_ _ : ; Probabi]itonF - Prdbabi]ity During Period
Technological- Development | Occurrence by . - - 96~

2000~ [ 7275 15680 B1-8E| 86-90 [90-95] 2000
30% of new UHV system ' ' IR T IR

installations will employ- | 78%: . | .. fo

A
self damping. conductors - “ﬁl :




This summary indicates that 78% of the responses forecast that this.development'
will take place by 2000 and conversely 22% estimate it will not occur by then. A

low probability of occurrence therefore is indicative that fhe\panel‘as a whole

believes the event is unlikely to happen and related statistics should be considered’

with that in mind. |In the above case, those who expected the development to take

place before 2000, that is 78% of the answers, predicted a median date of'about 1986,

the interquartiié range of thesé responses was between 1983 and 1988 and the total
range between 1976 and 1991

In the few cases in Wthh the answers of the‘eXperts on the pane] differed
markedly from the rest of the panel these. results are shown separately, otherwise

only the expectations of the total panel are given,
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The System Characteristics Of Eiectricai Transmnssnon And
: pistribution [n The Future

The panei-eXpected that by 1995 most new buik'transmission systemsi

would either utilize ultra highKVOitage'(UHV) transmission technology or
underground facilities. UHV systems would dominate first and'by about 1990
GOA of new systems or maJor add1t|ons to old systems wouid use UHV technology

By’ 1995 however,. 60% would use- underground facilities wnth the buik ‘of the -

-

remainiig 40% UHV. _
Table | o ) L

Period in which about 60% of new bulk power transmission systems
or major additions to existing systems will use the fOIIOW|ng
technologies ‘

Median ‘AL ' ‘Intérquartiie Rangei g,mgm Range 'E@‘ ’ é

I ' .  Probability of = probability During Period;-
Technological Occurrence by : . ~ 96~
Development ‘ 2000 72-751 76-80 ] 81-85 | 86-90 [ 91-95 | 2000
Ultra High Voltage . \ o ‘ - ) S
Transmission. L 79% 8 mﬁ&’ -9

.| Underground : , , @_ -

1 Transmission : 66% ' | - : 0 S . @
Off Peak Production | A ' o ' b :

| and Transmnssnon of 27% , S e 1 Qﬁgé e
_Hydrogen ) . . ‘ _— P

The probabiiity of occurrence of these forecasts by 2000 was 79% for UHV and 66% '
for underground technoiogies. The panel's view was summed up by. this comment -
“EHV transm|SSion - 500 to 765KV - will serve as the backbone for bulk power
~transmission into the’mlddie i980's, then UHV transm:ssnon W|ii piay a iarger
rolett, |

:Other modes of energy transmission wiiilnrohahiy'not‘representva significant
percentage.ot new systems this century, al though the paneivthought there -was a 27%!
probabiiity of‘the off peak production and {iébéﬁiééi&dfof'Hyarogen"byji§96‘éﬁd‘a

- few panelists suggested that in the 21st’ century the transmission of hydrogen gas
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delivered in pipelines may be the predominant mefhod of energy distribUtioﬁ.
One participant expressed it this way = ''Hydrogen mighf be produced by direct
conversion uéing the heat from nuclear pdNer piants, either fission or fusioﬁ.
The gas would then be transmifted by underground pipes to load centérs, where
it Would be cbnverted to electrical energy or to énothér form of gas for
consumer or industrial use',

Two schools of thought emerged about societal attitudes expected by
1990 toward transmission and power delivery structures. . A typical comment by
those who believe that society will be less stringent was, ''l. expect power
shortages to appear prior to 1990 which will convince society they have to
accept electrical equipment to obtain 'the power they will by then feel they'muét

have!., The second school of thought representing about 30% of the respondents,

believe that more critical attitudes and more stringent limitations would require,

technological solutions and more public involvement in planning. As one partici-

pant put it, '""The public will not accept proliferation of overhead transmissfon
but will Tikely accept defined corridors. Substations, structures .in corridors
and distribution facilities must all be improved in appearance. Underground bulk

trénsmission will be required from corridor to major switching substations'.

Another respondent pointed out, ''In Targe urban areas by 1990 the power consuigd "

could reach 1,000,000 KW]§§QEF€"mfié}’“UHViundérgFédnd'Fébi17ties will bé needed
to.supply the power needs for these centers't. Another concept suggested was the
widespread use of ''common corridors! for a number of services, including power

services, using aethéticai]y'd§5fgﬁéd'é§di§meht.




Alternatives to Conventional Power bélivery Systems .

[
.

The panel was asked to estimate when fué“l cells
would be utilized in 1‘6%‘ of industrial. loca"tionsv,. residential
_complexes (apartments,-' condominiums , etc,) ‘and in 10% of
éubstatiqns as peaking devices. The following Table I

summarizes their answers.

Table {1
. . Perlod in.which fuel cells will bé used In-about 10% . '
, ' of  the following locations ‘
‘Median A Interquartile Range ... ~Range @ o
Use of Techno- “,Probabiiity o ' ‘
logical Develop- |of Occurrence | Level of . S ‘ 96-
| ment ' “|by 2000 Expertise |72-75 | 76-80 | 81-85 | 86-90 | 90~95 | 2000
- Industrial ) 70% . .Experts {
‘Locat ions S o 4 o
- 0,
Qhé Total ® b o
. - panel
Residential 20% . Experts £
complexes . : 5
Apartments,etc.) Lo , Total R E . ]
' panel . ) @ & ®
Large Fuel cells 60% ' Experts - R \
in substations as) ) , . | d : “=—7§3 .
peaking devices 429 Total : ) ) ‘ -
. 9 ' panel ® & &

. The particfpants 6p1nion‘abouf fhe I}kelihpod of fuel cells rep!acin§
e]eétricalspoﬁer_systems in homes and_Eesideﬁtlal cbmp]exes‘this‘ceatury is
summarized‘}n this quétaﬁion: “"In my ob}nion no-new energy sysfem which will‘

.Le able to combéte in economy and rejiability wjth\conveﬁtjona] power delivéry
systemsiﬁag yet been proposed',
Interestingly the onfy ﬁl&e divergence pf opinion béf@een.the'experts
" and the to&al.pane]‘occurred in this queétfon. The eXperts‘bel{eved there was é ‘
70% probability of industrial Igcaﬁjons énd 607 prﬁbapi]ity,of large fuel éells
-in substations as peaking devices, compared to 4k% and 42% estimates of the <
~“fotal panél. Table Il illustrates that the expert Segment of the pane[:also
expected these events to occur at an earlier. date.
The duéstion of ﬁicrowéve transmlsslon of power Qas pcséd'in ﬁound |
of the study. The participants estimated thére was an 85% probabflity that this

_would never .occur and if it did it would likely be after the year 2000.
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The Evolving Patterns of .Usage of Underground and Overhead
Transmission Using Direct Current and Alternating
Current

The panel was asked to estimate the perdentage of new systems ‘installed
by 2000 which would utilize various combinations of AC/DC and underground/~

overhead technologies.

Table |1}
OverHead 72=75 76-80 81~85 86-90 91-2000
AC 98% . 96% 93%  89% - 89%
DC ' 2% L9, 7% - 1% 19%
Underground \
AC 6%  93%  86%  78% 70%
DC k% 7% W% 22% 30%

One panelist commented,'with the development of compact, economic
AC/DC cOnverter'stations, there should be a dual trend to D.C. and underground
syétems whiéhvwill arise from the more favourable undgrground/overhead cost
ratio for DC". Anofher thought that ''such developments as cryogenics and gas
_vfilled pipe systems céu]d reversé the current trend tb DC"., -Others belieQed
that "in underground systems, few transmissions over long distances will usé',
DC'', and that ''DC will not play‘a major role until the use of fusion reactors
or MHD generatfon“. "One participant in Round || took issue with the latter
two comments. In his view, "|f an ﬁnderground system is to be used over long
distances DC transmission will have a definite economic advantage'' and ''compact -
- DC terminals with compressed gas insulated switchgéar will have a definite role
in buik power transmission té metr6p01itan areas'" (irreséective of reactor

or MHD generation).




- 13
The estimates ef\nearlyfall bahelists'agreed with the'major~trends
shown in Table lll - that the use of DC will |ncrease gradually until 2000‘
~and that. DC wvll be approxnmately twice as prevalent in new underground
- systems as in new overhead systems., By comblnlng the preV|ous estimates of

underground systems thh these data it ‘was calculated that the panel expected

. about ZOA of all new. systems installed w:ll ‘be DC by 2000,




Developments in Ultra High Voltage Technologies

The panel was asked to forecast the likelihood and

timing of a series of technological developments in the UHV

filed.
Table IV following summarizes these answers.
Table {1V Developments in Ultra High Voltage Transmission Technologies
Median A Interquartile Range Range g o

Use of Technological Development

Probability of

Probability During Period:

Occurrence by 96~
2000 72~751 76-801 81-85 | 86-90 | 91-95 | 2000
UHV tower structures will be 1000 kv 9l% - P -
adopted which will economically ©
meet aesthetic requirements at: | 1500 kv 84% o e Nmdm
1800 kv 54%
) —~2 0
Insulators will be designed 1000 kv 100% o Lol ©
to overcome flashover
problems at: 1500 kv 99% ® A o
1800 kv 8600
% ® -/ s)
UHV transmission will be introduced wuthout 9% *ﬁ&f
serious noise emission @ ©
Circuit breakers will be |nsta]1ed for UHV 100% &
systems at 1.5 times today's cost ® MK o
AC protective devices will be 138kv_ 89% o A ®
capable of hardling the 20GVA s
following interruption levels: 3L5ky_ 100% '
35GVA ® T ©
765kv_ 100% |/
50GVA ° & ®
AC protective devices will be 138kv_ 89%, £
capablé of handling the 1GVA © ' e
following continuous levels: 3h45ky_ 99% A
‘ 2GVA e P
765kyv_ 100% - . )
3GVA o |~ o
High capacity DC cables will + _600ky 100% ) - ®
be introduced capable of + 1000kv 83% i @ — )
carrying: + 1500kv 60% ® - 0
¥ _1800kv 38% o
DC circuit breakers effective at 4000 MW 74%
will be introduced O s ©
30% of new system installations will employ 78% - N
self damping conductors @ T ®




Typical Comments by‘ReSpondenté are‘listed‘beiow:_n'

capable of +: ]500 KV.or greater + 1000 KV cou]d on]y be used in- large metropolltan 1

“you consider that a bde blpole of + 1000 KV 3000 amps has a capacuty of 6000 '

- 15 ;.:‘
. T ‘ . . . )
Participants were also asked to estimate.the current -carrying capacity
per c1rcu1t for overhead transmnssnon by 1985 Table V. below 1ists the averages B

of these responses . )
Maximum Economical Ratings

‘Current_Carrying Capacity' ) Average o Rande ot AnSWers.
500 kv B 2.8 A 15 =5
- 700 KV R B3 GA. 22510
1000 w o A 7heva b =13
1500 KV - 11.5 GUA - - 6. - 20
1800 KV - B A wA 7.5 - 20

Tower Design

”ngh voltage towers are lnherently ugly'. R o : o : 1

' “Many varuable factors determ|ne aesthetlc requurements ‘In any case, design '

High Capacity Cables‘

is a compromise between envnronmental and transmission/economic requirements'!, _ J
|
|
|
|

. "It does not seem that- any. location .in North Amerlca wu]] need DC cab]e lunks

v

areas”

“It is dlfflcult to vusuallze the need for DC cables at 1500 and 1800 KV when

MW - (3000 MW per po]e)

DC Current CerUIt Breakers

" '"The fu]]y rated DC circuit breaker wa]] be preceded by a DC ]oad breaker

{

de5|gned-for ]ess severe duty“;

Self Damping Conductors

"Will use current; albeit improved, tecnnology“.j
"Possibilities for dampers inc]udeApaSSive'mechanical, spacer/damper'and

aerodynamic''.
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Respondents were asked to name the most important technological
development required for UHV transmission by 1985. The results are

summar ized below. ) {

Summary by Category

Category

% Listing This
Category

Shielding
- Noise Reduction
-~ Ground level gradient contro]

5%

Insulation

- Anti=-pollution

- Insulating cross=-arms
- Semi=-conductor glazes -

33%

- Control o
~ AC breakers
- Qvervoltage control in breakers
- Power/Factor
- Voltage %

30%

Tower Design

- Aesthetic design

- Reliability under exterme weather conditions
- Bundle design

20%

DC
- Transmission conversion equipment

15%

UHV System Considerations

- Control of power system with computers
- System stability

- System design for large 1oad|ngs

10%




- General Comments

B One panellst belleved ithe most 5|gn|F|cant breakthrough in. our

\

generatlon W|ll be the devd opment of saturable reactors For voltage control

'permlttlng larger transm1551on angles (more capaclty per cnrcult) s0. that DC B

will never be able to compete. In fact UHV is at our doorstep - there are no -

|nsurmountable problems at 1200 Ky, Another suggested the contlnued

4evolut|on of DC transmrssnon” as the key development. -

An |mportant change in the plannlng of: systems was pred|cted by one

participant who.wrote, the lncreaSIng trend'to open planning, i.e. brlng the :

_public into the planning decisions-will require new techniques to deal with .

_ _ A o ; /
right—of—way selection etc. |If these problems are not solved many planned UHV

networks wull be delayed For many years“ ' Another suggested “structures must be

'

aesthetlcally acceptable and the use oF r|ghts-of-way must be maX|m|zed for other

purposes such as recreatlon, farmlng, etc. as well



Developments ‘in Underqfoun’d Transmission Techhologies.

The estimates of the panel on a variety of pbssible

developments in Underground transmission technologies are

shown in Table VI,

Table VI - Developments in Underground Transmission Technologies

Median Ab

inter’quart ile Range

Range - @

®

Probability of

introduced

Use of Technological Development Occurrence by Probability During Period: 96-
. 2000 72-75| 76-80 | 81-85 | 86-90 | 91-95 |2000
- - - >
Underground 765kv will be introduced 9b% R e ®
Underground UHV will be introduced 69% o R
s Tnsulated cables will be introduced | CO e A
E:?n;?su ated cables wi e intro 2 ‘ 54% ° | o
SF 8% . '
Cryogenic cables will be introduced 66% ’
‘ o L» ' "& ®
Superconducting cables (at near absolute zero 57% -A
temperature) will be introduced ® K
1/3 of new system installatijons will use forced 81% c
cool ing . ] L "‘1&——
High voltage solid dielectric cables will be 86% o ﬁ‘




[ . .

Typical Comments

.UndergroundJTransmission ‘ - o
”Underground transmission for aesthetic reasons woutd be a deplorahle'
waste of_a~nation'e resourCes‘aé it would consume>large quantitieé of . energy h_
and materials and place the extra_cost burden on the consumer''.

-"The load carrying(capacity'of underground lines must match-the

.. capacity of overhead lines., Changing ourrents-on\AC underground transmission‘

Iines must be minimized and the:inStalled-coSt‘of factlities reduced without
impairing thetrvability torwithstand load cycling and voltagersurges“;

.ﬁMore emphasis should be placed on increaSing cable capacitfes at the
lower voltages - say‘up to 550hkv‘- rather than striv?ng For 750 - 1506.ku.

Underground systems in many cases need MVA capabllityfrather than the higher

~ voltages needed for system stab|l|ty in overhead ystems -For example:

e 765 ky = Overhead ‘5'765 kv Underqroun’d 'cable '

.1 = 2000 MVA . , 7 (50 miles) ) 13h5ky
: . - . \ , . o _ Load
SR - : ‘ k : - o . Centre -
C e > 765 kv = Overhead o S ' o
2 - 2000 MVA - ‘ )_4> 345 kv Underground-Cable-l 3hoky
: ) . (50 miles) : A t' Load .
‘ - S " -Centre

.”AlternatFVe No. 2 may well be readily‘achievable,and more eConom?calfusing_forced~

oil coollng gas or cryogenlc with fewer ‘insulation problems“

"Bulk power eventually wnll have to be transm|tted underground because

‘hthe'space requnred for overhead circuits will hot be available, not to ment i on

_ the aesthetic and econémic problems'aSSocfated with UHV overhead lines. I.think'

that dialectric losses will restrict-the use of conventional pipe'cable to
relatively Tow power circuits 1 Compressed'gas'systems probably u5|ng sulphur
‘hexafloride” gas, seem most promusnng for high capac1ty underground systems in

the near future W|th cryogenic systems. com|ng later'I '
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"] don't think we wil]-evef-See a large percentége of our bulk power
transmission carried underground. More feaslbfe methods will be developed for
transferring energy o?er long distancesthan by transmitting e]ectriéity“.

Gas Insulated Cables

”SF6 insulated cables will be the major a}ea of developmsntlfor 765 kv
underground trahsmission through the 80s!',

IIbBri'tish'.(:,qlumbi.a is now estabfishing short sections sf SFg pipe at '
500 kv'', : , | "_ - - ’

""Foam insulated EHV is another alternative!.

Forced Coo][gg

'"New techniques such as heat pumps will be used'.

"The economic benefits of this approach are unproven''.

The pane].was ésked to name the most significant‘technological“developmsnt
requiréd for EHV and UHV underground transmission. The results qre'summarized '

below:

Summary by Category

, .. k. Listing this
" Category: ;.7 Category

Insulation or Cooling Technologies - 76%

- Dialectic materials ' 21%

- Cryogenic cables ' ' 7%

- Flexible gas insulated- .

cable systems o 14%
- = SF6 cables o . 14%

- ‘Superconducting cables ' : 10%
Economic lhstallation Technigues _ , : 12%
Economic AC/DC Conversion Equipment . 7%
Economic and Relijable components . . 7%

High Voltage cables 5%
Minijature DC stations 2%




. Table Vi1 -

" Miscellaneous Technological Developments

Participants were asked their views of the

1ikelihood and'timing of a number 6f related misce]laneous

technological developments.

Table Vi1

‘Miscellanéous Technological Developments

Median A

Interquartile Range

Range gv

The results are summarized in

o,

Probability of

Total Range of Answers Before 2000,

'Use.of Technological Development Occurrence by 96~
: . ) 2000 72-75| 76-80 | 81-85 | 86-90 191-95 | 2000
Slngle generat:ng unlt size w:ll 2000 MW 100% . : al
reach: ' . - @ . oy o
000 MW b
’ ) 70% b —£r ©
A 8000 MW . L2, ) o Loy
The size of substations used for new installations 92%
will be reduced 1/10 or 1/15 of today's units i ﬁk : ©
Gas insulation for substations will be introduced 100% A+ -
] . ‘ ) N
Cryogenic insulation for substations will be 56% A
introduced hd b
Modular transformers, capable of being assembled"’ 87% A
in _the field, will be introduced 657 [ ]
Switching up to 1500 kv will be available within A i LA
1.5 times today's cost for 765 kv. @ o
Reliable transmformers and switches for under- 95%
ground systems will be available meetrng cost K

and size requirements

Typical Comments of Participants are listed below:

Compact Substations

'

\

"Compact substations with attendant technologies will become the "industry

standard in a few years'.,

Micons [derable techatcal.activity will concentrate on the reduction of

substation sizes and may be consistent with a complete SFg approach',

Gas lnsulation for Substations

{

""Compact gas |nsulated substations will be used extens:vely in urban

areas where land is expensive and appearance is lmportant before 1980m,

Field Assembled, Modular Transformers

1

Y'A-good deal of material science is required in this area, such as the

development of fully cast transformerst,

"Field assembly is to be avoided because of high labour costs and quality

control problems',

¢

"Modular transformers with special arrangement of the case for assembly

‘on site have already been introduced'

Swttchlnq up to 1500 kv

B

- 'EHV and UHV switching costs are determuned by what type is. needed.

Modular concepts are used now to minimize costs!',
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