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PREFACE

This paper is the second in a series estimating the
capital equipment needs, capital costs, and operation and
maintenance expenses of the transmission and distribution systems
in the electric power sector. Other papers currently in progress
or completed include a paper estimating the capital equipment
requirements for transmission and distribution, a paper estimating

the expenses of cperatin:

{6 ]

and maintaining the transmission and
distribution networks, and a paper investigating the allocation
of capital costs and operation and maintenance expenses of the
transmission and distribution subsystems to different classes

0T consumers.

S.G.S.
M.L.B.



ENGINEERING ESTIMATES OF TRANSMISSION AND DISTRIBUTION

EQUIPMENT COSTS

by

Sergio G. Sequeira and Martin L. Baughman

This document reviews cata on the costs of distribution trans-
formers (for botn overhead and underground systems), distribution
substations, transmission and distribution lines, transmission subs-
tations and the cost of metering systems, for botn residential and
large commercial and industrial consumers. Wherever the data were
available, the costs were derived from aggregate company sources.
This vias possible for transmission lines, distribution lines, and
transmission substations, where the results were derived from data
published by Electrical World's Annual Statistical Report. Ffor
distribution substations, line transformers, and metering systems,
data from llew England Company sources were used.

Tables 1 and 2 show recent aggregate average costs for trans-
mission and distribution lines for both cvernead and underground sys-
tems. As some utilitjes consider 69 KV to be distribution, while
others think of it as transmission, this voltage level is included in
both tables. Substation costs appear on Table 3. All of the data

in Electric Yorld is subdivided for the nine regions of the U.S.

S
(New England, ¥iddle Atlantic, East North Central. Hest North Central,
South Atlaentic, East South Central, lest Soutn Centrai, iountain, and

Pacific). GEach vear cate are coniained data on new expenditures for

—_—

transmission lines, distrisution lines, and substations, and the



physical quantities of new lines and substations energized. The nev
lines are given in units of circuit, cable or pole miles for overaze:
g )

transmission systems {above 69 KV), underground transmission s:sters

(above €9 KV) and distribution systems (below 69 KV), respectively

5

The new cubstations are given in units of VA of installed capacity

3

Cost estimates for each equipment category in eacn of the nine regions

are computed via a three year moving average. The units are in dollar

wn

per mile for transmission and distribution lines, and dollars per VA
of installed capacity for substations.

From these three tables, we note a consistent trenc where the
Middle Atlantic, Pacific and New England regions have the nighes
costs, followed by the Mountain, East North Central and South
Atlantic regions, and finally b; the East South Central, V¥est South

Central and iest iorth Central rzgions.

Tables 4, 5, 6 give nistorical trends in costs for transmission
lines and substzticns. Table 4 gives cata for average netionel trans-

mission lines costs for salected years beitween 1950 and 1572, Tnese
were compited from a ratio of national expenditures for fransmission

(reported by tne Edison Electric Institute) divided by total aross
ns

increments in transmission capability (in circuit miles as reporied
by EEI, assuming a 2° and 37 rate of depreciation;. Tnese figurs srow

nat average cesis p2r circull mile nave b
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Table 5 further oreaksdown these costs for two voltage clasces

ines for each of the nine census recions
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costs so high, while the nigh land premium in the densely populated
Middle Atiantic states is crobably the large contributing factor
there. HNote also that in 1971

1973, the cost per mile of underground
transmission is about & times that for overhead.

Table 6 shows the historical trends in substation costs.
It appers over the period from 1953 to 1963, these costs declined
at a rate of about 4.67. per yvear. Between 1963 and 1973, nowever,
the costs leveled out or increased slightly, with the largest increases
exhibited in the more densely populated coastal states and the Mountcin
region.

The aggregatad average substation costs of Table 3 can be
compared to point estimates of distribution substation costs on Tabie
7. The latter shows costs for specific distribution substations for
two different vcltage ratios cotained from Beston Edison. It can be
seen that the costs shown in Table 7 are slightly nigher, btut this is
probably because the substaticn costs in Teble 3 are for both trans-
mission and distritution substations. The lesser costs in Table 3

c

reflect economies of scale brought about oy higher capacity in the

transmission substations. (EZlectric Vorld simp]y 1ists substations
energized and new expenditures Tor substations in eacn year, without

making any distinction between transmission and distribution substations).

For comparison, tebles € through 12 s

s

of costs (in deollars per HVA) for installed capacity ©
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in all cases, with Ticures running Trom
one phase overncad transtovmers, ¢ 1o 22 dollars KVA for tnree pnase

overhsad transformers, 10 to 31 dollars per KVA for one phase undergrounc

transformers and 50 to 78 dollars per (VA for three pnase undergrounc
transformers. As expected underground Transformers snow higher cocts
.

thar overnead Transtormsrs,



The costs of various wetering cervices are shown on |

& d
single phase watt-liour meter is on the order of $25.C0 (including
$6.50 for installation). Feor a large industrial

with a recording demand meter, the transformers reguired for connection,
and installation, the cost is in the range of 51200-140C per mater.



CONCLUSIONS

ror use in the regionalized electricity supply model, the
data contained in this report suggest the following numbers might
be appropriate.

Transmission Structure Miles

The U.S. average cost for all transmission was around $110,0C0
per structure mile in 1972, escalating at a real rate of 6% per vear.
The costs varied by region according to:

New England ................ 123,000
Middle Atlantic ............. 261,000
gast North Central .......... ©7,000

West North Central .......... 61,000
South Atlantic .....c.eevennn. 126,000
East Scuth Central .......... 74,000
lest Scuth Central .......... 58,000
Mountain ....... Ceeiaaaen ... 77,000

Pacific «vevevvieienieaeea.. 155,000

Substations:

e S

The average U.S. cost for substations was 58.80/KVA. For the
have shown 1ittle or no resal escal
1

past ten years thessa
economies of scale have helped to offset real escalation in per unit
costs. The geograpnical variation in costs was recordad to be the

following:



New England ............ e $10.8C
Middle Atlantic ........ Ceeee 10.10
tast iiorth Central ............ 9.20
kWest North Central ............ 7.30
South Atlantic ....... e 7.70
East South Central ........... 5.20
West South Central ............ 7.90
Mountain ......... e rereeaieaa 12.70
Pacific ...... . Ceeeecaeaaa 12.00

Line Transformers

No good average costs for line transformers were available.

estimate cer unit costs, however, an

t

Basad upon the relative poin
1. L L .
average cost of 1 tires tnat for substations probably would be

sufficient.

Meters:

For metering systems, 525 per residential customers and

$1030 per lage light and nower customer szems appropriate.



TRANSMISSION LIKES COST
Aggregate Averages (1971, 1v7

Qverncac Lines : Lindeyraroyrd irec
345 kv | Avove 63 XV | 230 to | Aove 69 KV
and above |Through 233 kv| 345 RV Througn 161 KV
New England 150 107 - 447
lMiddle Atlantic 379 143 1243 259
East North Central 118 76 702 578
West iorth Central 88 34 - 163
South Atlantic 177 76 563(1) 39(1)
East South Central a7 51 - 408
West South Central 57 39 - 243
: 2(1) - (2)
Mountain 231V 56 1032 567
2(1)
Pacific 161 _/0 o 579
TOTAL U. S. 145 63 1049 488

*
Average for 1971, 19272 and 1973. In thousands of dollar per
structure mile, Tor ovzrhead transmission, and in tnousands
of dollars per cable miie f{or underground transmission.

(1)

Projected costs, as opposed to actual costs.

(2)

Projected costs for 1272, 1873 and 1874

-

Source: Eiectrical orid, various issues




Overhead Underaround
68 KV and Below 69 KV and below
New tngland 36 98
Middle Atlantic 41 98
Fast Horth Central 24 43
kWest Nhorth Central 13 18
South Atlantic 23 46
East Soutih Clentirel 16 3¢
West South Central 14 28
Mountain 20 35
Pacific 51 €2
TOTAL U. S. 22 45




SUBSTATION COSTS

Aggregate Averanes

toa . - :
Averace Tor

~verage for

1970 ] 1971 | 1872 | 1973
1670-71-72 1971-72-73

New Encland 12.5 2.0 8.1115.1 10.0 10.8
fiddle Atlantic 15.9 ] 13.4 12.41 7.6 13.7 10.1
East lorth Central 2.6 7.7 2.1} 8.4 9.6 0.2
West North Central ©.4 8.0 6.2 7.1 7.1 7.3
South Atlantic 6.5 7.9 7.91 7.0 7.5 7.7
East Scuth Central 2.1 1400 3.01 7.5 5.4 5.2
West South Central 6.0 6.5 7.3 110.9 6.7 7.9
Mountain 14.3 1 11.1 11.4 {1C.0 13.0 12.0
Pacific 12.4 | 12.3 14.3 110.0 13.0 12.0

TOTAL U.S. ¢.5 °.1 g.11¢8.8 8.8 8.7

Eiectirical

Vs L)
WOY‘I\,.,

*
In thousands of doliars per

capacity

MVA of installed

Various 1ssues




TRINOS IR TafoMIsellL LT T0TT
Ragreanate Averages
o @ (3) (4)
YCAR CONST EFF., VEAR b0 CCoST CO0sST
s 168 | Current 1 cocayser | ostone) i
15972 1748 392,141 111 29
1871 1306 384,037 102 34
1670 1680 373,763 81 69
1969 1554 360,216 94 77
1968 1503 350,€16 94 78
1957 1523 341,524 71 60
1966 1137 329,348 71 59
1555 540 318,758 ’ 72 58
1964 gze 313,033 66 54
16¢E3 gLl 327,027 48 =9
1902 £05 289,706 51 34
1961 57¢ 290,770 45 37
14960 37 283,474 41 34
1958 £ad 276,002 - -
1¢35 £43L 248 644 34 28
1054 484 | 260,824 - -
1650 280 208,044 19 17
1848 275 1¢7,32¢ - -
|
(1) = {2) Scurce: Zdison EZleciric Instituts
Stetisticaz: Yearooons
{3) Crsts zssuming 20 rete of ceoveciziion
(¢ Costc zssuming 30 rete of <eoreciation.
TRELI &




Three Year Anarenate Aversneg

$.000)/Structure Mile {035} /Cabie Mile
REGIUN YtAR ALrels ' yrz2rmreung
Freeoyoltacs Voltaae Hymroymitane bloy vﬂt:w}
NEW ENGLAND 73-7 150 107 - 447
70-68 122 82 - 400
67-65 205 69 - 280
MIDOLE ATLANTIC 73-71 379 143 1243 259
70-€8 254 e3 220 180
67-€5 m 68 m 145
EAST KORTH 73-71 118 76 702} 578
CENTRAL 70-68 m 28 569 762
67-65 100 38 - 141
WEST NCRTH 73-7 c 34 - 1631
67-65 45 21 - 24!
SOUTH ATLANTIC 73-71 177 76 260 1035
70-65 292 60 snt 570
67-55 59 38 - 367
EAST SCUTH 73-71 97 51 - -
CEhiML 70—68 63 :3 - -
67-65 136 32 - -
WEST SOUTH 73-71 57 39 - 239
CENTRAL 70-68 &3 35 . 397
67-55 64 29 - 47
MOUNTAIR 73-71 256 56 - 597
70-68 95 29 . 767
© 67-65 34 28 - 13
PACIFIC 73-7 181 70 - 579
70-62 £0 60 - 55
67-65 128 34 905 281
TOTAL U. S. 73-71 145 €3 1045 48
70-66 22 ¢s 700 453
67-23 7% 23 108 125
Source: Electriczal Worid, Z-nual Stztictical
Report:

- e
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DISTRIBUTION SUESTATIORS COSTS

Point Estimates

13

KV1 / KV2 Installed Firm 5 >
Capacity Capacity MVA of Installed | VA of Firm
(1iVA) (1) Caacity Capecity
13.8/4.16 15 10.€ 18.80 (1) 26.60 (1)
13.8/4.16 13.5 8.75 14.80 (2) 22.80 (2)
11.5713.8 280 150 7.50 (2) 14.00 (3)
11.5/13.8 280 150 7.60 (3) 14,30 (3)
11.5/13.8 83 50 10.80 (3) 17.30 (3)
(1) 1S€7 Costs
(2) 1970 Costs
(3) 1873 Costs
Source: Boston Edison Company

TABLE 7




*
COSTS FOR 1 PHASE QVEREEAD TRANISTORMIPS

roint Estimates

5
KV A $ KV A
5 275.49 55
10 274 .80 27
15 430.23 29
25 337.60 14
30 466.71 1€
375 562. 32 15
50 522.38 10
75 ©43.40 13
100 951.13 10
167 1,349.24 8
250 1,€50.17 7
333 2,09¢.04 &
500 2,64z.50 5
833 5,533,585 5
" 1973 Costs
$ Average installieg Cest
Source: =zdward Sulachenski, N.E.EZ.S.
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*
COSTS FOR 3 PHASE QVERHEAD TRAISFORMERS
Point Estimates

$
KV A 3 RVE
30 671.34 22.4
45 886.72 19.7
75 1,024.46 13.7
12 5 1,300.27 12.4
150 1,605.93 10.7

*
1973 Costs

$ Average installed costs

~

Source: Edward Gulachensiki, iew tngland Zlectric System

TAELE 9




COSTS FOR 1 and 3 PHASE OVERHEAD TRANSFORMIRS
Point Estimates
KV A 9 VU C, e
25 | 120/240 325 | 123 15
50 1 1207240 375 | 128 10
75 ] 120/240 600 | 125 9.7
100 1 120/240 658 | 125 7.9
167 ] 120/260 | 1025 | 125 7.3
45 3 2807483 500 | 125 6
45 3 1207203 525 | 125 16.7
75 3 2407480 ¢56 | 125 14.3
12 5 3 120/240 | 1600 | 125 1c
12+ E 3 1207203 | 1250 | 128 % 12.2
TR _ . N
112 vl ; 5 277/48C 1275 125 | 12.4
150 i 3 120/260 | 1250 | 123 ? 5.2
150 3 120202 | 1350 | 125 . g8
150 3 2777080 | 1380 | 122 | e
g - humber of Fnases 61 - Capital Costs
C, - Instelietion Cecsx S - C} B CZ

«««««




*
COSTS FOR 1 PHASE URDERSROUND TRANSFORMERS

Point Estimates

VA ; R
15 468.37 31.2
25 557,42 22.3
37 5 606.00 16.2
50 557.46 1.1
75 892.27 11.9
100 1,053.46 10.5
167 1,672.56 10.0

*
1873 Costs

17

, new England Electric



COSTS FOR 1 and 3 PHASE U«

DERGROUND

nIcT

Lawit

TRAISFORY

—-

r
0

*

w

Point Estimates

18

KV A ) v, /Y, C, C, 'F%K

100 ] 120/240 1200 125 13.3

12 5 3 240/480 1425 125 13.8
N2 4 3 1207280 1525 125 14.7

112 %- 3 277/480 1850 125 17.6

150 3 2407430 2375 125 16.7

225 3 2407480 2500 250 12.2

225 3 1207208 3100 250 14.9

300 3 2407480 2500 350 9.5 |
300 3 1207208 2775 350 10.4 j
300 3 2777480 2775 350 16.4 +
500 3 120/208 3475 350 7.7 1
500 3 240/480 3300 350 7.3 :
500 3 277/480 3475 350 7.7 "
750 3 120/2083 4000 350 5.8 e
1000 3 240/430 4300 350 4.7 d
1000 3 277/480 2400 350 4.8

¢ - humder of Fhzases £y - Capital Cost
C2 - Instzliaticon cost S = C} - 82
_ ‘ *797§ Costsq
SCourcs SCSTON cotson Lomzan

LY 5 NPT




METERS COSTS 18

Point Estimates - $1873

$
o Residential and Small Commercial Consumer (1)
- Single-Phase meter (2) 25.00
- One hour demand meter (2) 69.36
° Large Commercial and Industrial Consumer (3)
- Recording Demand meter 600.00
- Watt hour meter _ 200.00
- Potential Transformer
Connected to 14 KV Line 244 .00
Connected to 4 KV Line 150.00
- Current Transformer
Connected to 14 KV Line
Demand < 1000 KVA 210.00
~ 2500 KVA 226.00
Connected to 4 KV Line
Demand ~ 200 KVA 150.00
RO (N < S $1150-51370

(1) Demand less than 48 Ku
(2) Includes $6.50 for installation cost

(3) iInstalleticn cost of $50-1CC, per customer, not inciuded

Source: Thomas Pearson, 3ostor Edison Company




