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By Thomas Michael Power

III dl'Vl'I(,~"\il1g Co~l "II()(.lti(ln~, OI1l' 11eed~ to kilO"'

111(lrl' thClI' \VhClt lil':,ih" critl'ria \verl'USL'd ill tile

de\.el(I~)mel1t ofthl' utility.:; systt.'in. ant' ,1lso needs
10 kno\'\' llo\V-'l'llllllil'llii'l.oJ!/~tho~l' I.ie~igll criteria
"ifecll'li the CuslS lilt' utilit~' incurrt'd. W~rl' they ,1

m;li(lr or 111inor lil'tl'rmill,ll1t of Cl)~t~? Dili tilt.' lle~igl1
(riterin ,1ifl'Ct cost~ ~"\rupl)rtiul1ally, (Ir W.1~ till' (l'I,,-

tion~lli~' morl' COlllrlex?

Economics and Engineering-

Some Known Relationships
rubli(utiliJi~s It'nd to be capit,11.jntt.'osive. lncy

111(Uf ="Llbst.l0ti,11 fixt.'ll co:;t=". often with sllbstcll1lia!
l'(lI11lI11!il'~ (,i s(,1Il'. In thi~ l'OVif(111t11,"II!. 1111.' (l}~ls
.1..Sll(iollt'l.i with ml'etiog rl.'.1k lieIO,10d$ tl.'11li 10 .

IO(fl..1SL' KOliCh mOft' slo\"I~' that \ill' ~)L'clk llL'II\.lnds
tI1L'm~t'I\'t's. "fhilt i..., the (u:itso.i mt'l'tinh ~'t',lk l10 nol

incfl..lse in ~)rupurtion to ~)eak IUcld:;

Utility planners know that capacity
costs do not increase in proportion to
the peak. That's evident from the way

they design transmission and
distribution systems.

U S.1~l' of l!tility ~l'r\'i(l.'~ is r.lrl'l~r UI\iform

,1(r(l~~ Ih~ dilY, II\onlh, or ~"l'"r. l)r,lmati(

in\.'rea~e~ in loild~ (Itt"'I\ .1p~'It:,lr ,11 p.lrti(ular

time~ of Ihl: day or ill pi1rtil:uI,lr ~1.'.lS01\5 of

thl.' yl!.lr, 'jell'phunl.' ulilitil'~ m.1~' chl'O~~
110110 meet extr\.'m~ pl."lk dl.'m,l.1'1li~, bul t'II:(lric, n,li-

llr,11 !;~S, St"\y~r, ,1ntl \"It~r lltilitil.'~ ll~ll"II)' d(l not

~1'Ijoy th,lt ll~'Itilln. r:,1illlrt.' III nll'\.'t ~,t:,1k dl'milnds 1:,1n

lead t(l c,ltastrophi( COn~t'qlII!11(e~ lor bllth thl! custo-

mer ilnd the utility, ,1nll Cilll llr,l\"" th,," .1tt\.'ntion uf

re~ul"tors. For that rt.',l~l)I\, utililll'S ,ldl1~'1 Jl'~ibn cri-

teria fur their ~)rodu(lil'n, trilI1smi~siull, c1nd di~tribu-

lion fil(ililies 10 l'n~url:' that pl.',lk IU.'\ll~ ,1rl' mct

"Vorll it ((1111l'~ t(1 ~\'~I ,lll(~.lli('ll, (llmllllin \,i~dom

,1~si~n$ COSt5 in pru~'l)rtiun 10 (\.l~S cllnlribulions 10

pt.'.1k luad~, ihl' iU~lifll:iltit"l i~ ~imrl\;': Sill(\.' the

equipment hill.i lu P\" :;iZl.'ti III m~l't pe,lk ll,'";! loads,
thusc cust~ ~huull.l p", ,11Ill(,'\tl."l.lll'l tilt: ~,1111I.'.b,'\sis.

"'1i1ny liilit.'r~nt pt.'ak ,1110C,1Iurs h,l'\'I.' bt:c.'n lil.'vt.'loped

un thi~ ,15sumplion: ~ingle \.'Uillcilll'n1 ~'l,.'Ik (untribu,

lion, sum of cuincidell1 pe,1k~" non(oin(illenl ~'Il:'ak,

avl!r,'gt.' ilnli exces~ I.iemal\li, pe,lk .1ntl ilv\.'rclhe

I.iemilnd, bilse an\.i extr.1 ';:iI~'('\l:il~', ,l11J ~lllll\. Sllch

~)ure peak-ioild allo(illOfS m~~' I\()( bl.' ~'Iuliti(,illy

ilc(eplable, but cunce~'Ilu"II)', ill I 1.',1 Sl , Ihl".\ "PPCM 10

offer the only dt.'fensipl~ ,1~'I~'Irl'iI(h.
Nevertheless, wher\:' Cil~).1l'ity ("n be ,'\lideli with

significanll.'conomie~ of s(alt', m,lkil\g (u~1 "lloc,l-

lions in ~)ro~'IOrlion IO~)ea,k 11I,)ll:; violillt'~ ""l.'II-

known relillionships Dt:'tWl.'l;'ll l.'(II1Ulllic:- .111d

engineering. \:Yh&i&; mi",iI1~ j, ~I\~ Ir,,(il\~ of Ih~'

way in which the eclk-ioal.i lie~i,rn (rilt.'ri:l ,1Clui\11

influence the costs incllrred, .
The Logical Ftaw in Peak Allocators

Simply to assert thai iI p,lrli(lll,lr lll'~i~n crill:riil is

always met does nolliemonslr.1le or 4U"I111ify the

resulting impact on costs. Cul\~idt'r ,'\n l'xlreme eX.1m-
pie, Assume that some customl!r~ rt'lluirl;' (l.'rl,lin St.l'

bility ilnd reliability crilrriil, but th.1llhl~ Ulilil)' C"ln

meet those criteria \'Vithoul ,1n\' i\l1dili(lntll cl)~llIndl'r
existing ~)rOdUCli()n clod liiSlribuli(1l\ Il'Gll)ull>gy. 11\

11\,1t Ci1se.. it would nol m,1ke ~ny Cl.l~I-C.1ll~.11 ~t:'n~e 10

use such "custless" lie~ign cr,lt'ri.1 ill i\lllI(,\tinh cu~t~,

1110llgh Ihcy ilre im~)Oli.ll'II(1 III\.' lll"~i~11 (If tIll'

systl.'m:

Col)~ilier the relCltiunshiJ.' between the delivery

(,'pClcity of a piJ."le Clnli the instt1lleli cost of the piJ.'e.

In .{?,~nerClI, the delivl:r)' L"J.'ClCity Oi.1 J.'ipl! l"lears a

~t'onll'tric reICltionshi~' tl) th~ diClniet~r of thlt pipe;
the ex.J.'onel~t lie~ in the range of 2 to 2.5. Th,1t is, the

l-')~"'Lity of the pipt.' incrt'ases faster than the ~qui)re
01 the lii"meter. The in:;t.,lled (o~t 01 the piJ.'I:, ho\l\..

ever, i.'Lrenses much mort' slo\,,'ly th.il1 the di,1meter.
iur two reasons. First, the installatiol) costs oiten ,1r~

ul)related to the ~ii'.t.' of the pipe. Instc"lilatiol) requires
,) righI-ai-way, opening ,1nd dosing a ditch, anli

r~':;urf(1cing. Most of the~l: costs Clre I)Ot affL'cteci by
whether the ~)ipe lii.1met~r is 6.8. ar 10 inches. Scc-

unlily. the cost of lhl' pip!!. ilst.'lf oitt.'n cio~~ nut il'-

(rl"'S~ il) proportion 10 the liinmetel lhis ct!rtninly i5

tru~ ul .-;m"ller diamL'tt.'r ~'i~'es.
"lnest: I\,,'U ~LunollliL-el\~il\el'rins rel,1Iilll,ships com.

~'l)Ulllj {he cu~tuf (.)~,,)(il.V Ii pi~'l' l')~',)l:ity riSl'~ with
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the square of the diameter, and cost rises (very con-
serva tively) only with the square root of the diame-
ter, then the cost of deiiv~r)' capacity rises only \-"ith
the fourth rout of cilpacity needs.

This relationship exists ior electric transmission and
distribution lines, too, where the peak ca'pacity of the
line increases \\'ith the square of the voltage. but the
installed- cost of a line increases much less than pro-
portionally with voltage. As a result. the installed
cost of electric lines can increilse as slowly as the si.\i!,
root of the design capacity.
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Figure 2. Peak and Off peak costs under alternative cost assumptions

Average Cost

When economies of scale are
significant, it's inappropriate to spread

costs in relation to system demand.

Figure 1 contrasts the proportional assumption
with a cube- or follrth-root assumption. While the
proportional cost assumptions would suggest that
costs rise rapidly as one seeks to meet peak roads,
the fourth-root relationship suggested by actual
economics-engineering relationships indicates that
costs do 110t vary much \..-ith peak loatis. Figtlre 2
applies these two cost-clllocation ap~1roaches to the
calculation of peak and offpeak costs using the base.
excess approach \videly favored in the water indus-
try. For peak IO.1ds three times greater than offpeak
loads, the pruportioni11 a~sumptiQns WOUlll suggest
that peak costs per unit climb to five times the off-
peak cost. If, en the other hand, we make use of the
actual relationship, thep"'c1k costs per unit rise only
63 percent above offpeak cqsts-not -lOO perceot
above-

Utilities Understand Their Capacity Costs

Utility planners kllo?u that capacity costs do not in-
crease in proportion to the pei!k. This is evident, for
instance, in the choices utilities make in designing
transmission and distribution systems. Because ad-
ditional delivery capacity can be obtained so cheaply
by laying a somewhat larger line, utilities almost
always install what is at the time redundant capacity
in their delivery systems. The cost of removiJ\g and
replacing transmission and distribution lines is so
much higher than the cost of initially installing a
slightly larger line that utilities CIS stClnliard practicl!
install the next larger line thal\ projections of future
demand indicate as appropriate.

If utility planners recognize .the significC\nt
economies of scale associated with increasing deliv-
ery capacity, why should cost analysts not do the
same? They should allocate costs on the same empir-
ical economics-engineering relC\tions!ljps that are
used to plan the delivery system.

Significant economies of scale are not limited to
pipeline systems. One can find them in electric trans
mission al:td distribution, in natural gas storage, C\nli
in water treatment, to name just a few. Consider the
water treatment plant costs in Table 1:

,. ,

121
'p,,. opO/llonal

10 Capac~

101

Table 1

Water Treatment CostsGuIle Root
01 Caoacily--

~ a

j~ 6
s

Total Cost

(SMM)
Capacity

(MM gallons/day)

~

fourth Roo!
ot Capacity

$14.8
$18.2

8
16

80
of P'atlme Gaoa!:,!)

160

the Impal dillerel1Figure 1. How costs y,

assumpiions

with pipeline capa!
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Real World Examples

Testimony advocating these ideas was presented by
the author in the following cases:

Electric:
Idaho Pwl: Co.. Case No. IPC-E-94-5 ((Idaho

P.U.C.1994).

Natural Gas:
No. Illinois Gas Corp.. Okt. No. 88-0277, June 21.

1989. 103 PUR4th 290 (lll.C.C.).
Cascade Nat. Gas Corp.. Cause No. U-86-100, May

20. 1987. 84 PUR4th 119 (Wash. U.7:C.).

111 this exClmpl,,'. th,,' lItilily k':,liii"',,llh"l mllcl,

(Ii II,\? S14.8-111iltiul1 (11:'1 oi Ihl;' il1iliClI (.1~',,(il)' oi

H milliol' uf ~illlon'!i/"i,1.\' (f\I!f\"~lt) _\\'il~ fi= li Cll1li

\\.UlIlli have l'l't'n i!\lllrrl'"i rt'}!;(\rl1.\?~~ (IfIll,,' lil~1ilCi1y

or II,\? ~'I(\I'1 bl'Cilll:,~ t"-"'ICll'or.llor~'.lilbl}f..ltor)'
l'lJlIil-,menl, COI'II'Olru(111', COl1lrotsysll'II\. ,1l'iI"ini:;lr,1-

{iVt' Clrea. chemicC\1 it'\?li ilrt'il. m.linlt'llilJ1lt' ~hop.

rivt'r imake, ~'lIm.)il'~ l-I'Clllll'l'r:;. ~ilt' im~)ro\'emt"nI5, ,

,,'Il- ar~ I1C?Ct'ss"ry IllI "'illlt:!r \\'I'al Ihl' ~)rlldl'ction

C,1l)ClCil)' of lhl' ~)lal'l l11i~hll'\?" .I.hi~ (I~! illforll'i1liol'

~lI~1l-)l'rI5 IhL' bilsic iltl'cl 11'i11 i1:- oclily lil'I11i111li rises, SU

llOt'S Ih~ C051 of m(',,'li.,~ Ihalli"'I".'II'li. Ihllllgl' Il'ud,

Il?s~ than proporliol',111~I, 01",' CClI1 imerprl'1 this Cl)SI

l1ata either liJ'earl)'-a~Sll111il1b .1Iargt'fixeJ cost

(S 11.5 Il,illion) "nd ,1 vt'ry Illw lin\?ar (rrO~l()rtional)
i..,crel11t:!ntal Cl)St ($-IOl.l..(}I)() ~)l'r tvl Mho )-()r lI:-;il'~ ,1

~10Wt'r flll'ctiun (sixth r(lw). -rhl' ~)rO~)llrtil1l'ill
ilSjlln'ption in,~)li(ill~' ilSSll.,'t':, thill tht' co:;! of alilii-

liana! ca~ll1city was $1.9 MM~li Wht'll, in filct. 1],e (lljt

of a"iliitional capacil~' Wi1:; 5200,000 1(\ S-tOO,OOO

MMgd. ThC\! is, lIsi"h " ~)rOtlorlioni11 ilS:;lImptiol'
could skew ll't' reSlIlll,v Cl fClctor uf fi,.t! to 10.

Water: -

Boise Water Corp., Case No. BOI-W-93-3. July 14,
1994, 153PUR4th 320 (Idaho AU.C.).

implications for Rate Design
When significant t'l."unomit:s oi sci\le Clrt'pre$enl, it

is clearly inapJ-,ropriilte to illiocale COS1$ ilnd set rille~
in proportion to the liemilnd ~,lacelion the system
The less-than-J-'ro~'ortionilll'iltllre of the cost rela-
tionship has to be taken into ilccount. One way of
doing this woull1 be to sim~'I~' repli\ce the propor-
tionill assumJ-,tion \\'ith the Clppro~'riilte n-th root
ilsslimption.Consilier the exi\m~,le in'l.able 2:

((\mmoliily u~ahe unlier a ~'ro~\ortioni\1 ~'eak load

,lllll.:..Ilor. 'Li.r1liiliullally. ~uch diver!;!!I)1 allu(,lliul1S

w(1!rlll Dl' ill~tifit'd 011 the bi'l$i~ that thl' (ielivery sys-
tt'm "I1,)l1 to bt' liesignl'li 10 meet peak loillls." But if

lhl' co~t of meeting pe.lk loads increases ollly with

tht' fourth root oi the capacily. an allocation much

l.-Io~er 10 tht' cl1mmodity i\lloc,uion would be appro-

~'rir)lt'. .Ine re~il.it'lllial peak allocator "vould rise only

II ~'l'rcl'nl Clbo\'t'the commodity alloci'ltiOIl. not
-II) ~'er(t.'1)1 Clbovt' it.'"he inliustriill allocCltion would
i.)1114 pl'r(em l"\t'lo\v the commodity ailoCCltor. not 50

perct'nt belo"v. it. (Nolc: Tile fourlll

r()(11 aifocillor ;s cnlclllnlcif h!I'nk;I'8

lilt' filII rill rool of If Ie rnl;o of peak 10

III'I"'fl,\'(' II.-:I.I,\,C, J/rC!11 II/IIlI;pIY;I,g this

I ill/c-, IIII.' ai'l.'rl\\,c IISC. Tllc $um of

I/rC$1.' da..:s IIIIflfCS ;$ 1/r('II Ilscd as Ihe

,I('IIOmi'lnlor ;,1 calclllnlil',I; till.' per-

crllt/I,I;1.' allocnto,. Jor carll class.)

Clearly. the economic-engineer-
ing assumption makes a Signifi-

CClnt differ~nce in cost allocation.
I The SClmt' "vou Id be true in the

i desihn of p~ak-period prices. If

the demClnds ill excess of the

c1verage Clnllual It',,'el Clre Clssigned solely to peak-
pt'riOli usage. as Figure 2 indicCltes. peak period rates

lirClmillici'llly excet'li offpeClk levels-l"\y 200 percent
wht're thl' peClk 10Cld is twice the Clvt'rage loCld, as in

lhe exClmple above. If the fourth root relationship is

u~l'd in~teali. thtc' ~")t'i\k ~'eriod rCltes"vould total only

:\:-\ \-1l'rcl'nl i'lDO\.e tht' off\-'l'ak rCltes.

Table 2

Water Utility Plant Alternative Allocators

Peak. Hour
Allocation

(Fourth Root) i

Peak-Hour

Allocation

(Proportional)

Maximum Hour

Consumption
(MMgd)

Average
Daily Use

(MMgd)

Avg. Use

Allocation
Customer

Group

49%

32%

19'1.
0.4%

44'/,
33%

ZZ%

0.2'/.

62%
25%
10%

3%

60

26
10
3

20

15
10
O.

Residential

Commercial

Industrial

Fire Service

Residential peak demilnd i$ three times average
use, while industrial use is OCll across the yl'Clr, The

commerciClI class falls in between. An allocation of

costs il"l proportiol"\ to ~1eilk load would boost tl"\e res-

idel"\tial cost sl"\are by 40 perce!"\l compilrect to al"\ CIllo

cmion based'upoJ"\ ClvL'rilge or coml"\'\odity use.
II"\dustria!cllstomers, 01"\ the otl"\t!r I"\CII"\d, wOllld sel'

an allociltiOI"\ ol"\ly 1"\,,11 itS li1r!!,~ ilS slIg~t?~lt.'d by
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The Case Against Customer Charges
These results mily sim~'I"~' confirm (he logic of.i

Hminimum systemH 11~"lpru.lch to Jislribu.\jl~n cost

allocation: Economies of s(illl' flo\v {roll1 the high

fixed costs associ;ltcd wilh (lny distribution :;~'st('m,

no mailer wh(11 its desigl1 (.l~"lacily. 111is vi!.'", hoilis

thai delivery system CO$t~ ,lre jixl:!d .1nli :;hould b~

collected Ilot on the basi~ oj ~)I.'clk deillilnds but

Ihrollgh monthly fixed ..;1(Cess" charges II)iI.\ art.' 1'10t
llsage-sensi live"

The allernative vie\'\' (inli~' the$e (O~I$ incurrtc'd 10

sell profitable voilimes oj cumllloliit~, throughOlltlhe

year. Most lltility line-extell$ion policies confirm this

cost-causal utility motivation, lyil1g the investment

the utility is willing to make to Ihe re\:enue~ the ulil-

ity expects to receive on ~alt'S voluml'$ throllghOllt
the year. Advocales (or thi~ approach \VOulli ~1oint

out thai a com~)etitive el"l111omy rilrely enablt:'~ ilny

business 10 coll~cl high iixt.'ll COSI$ through fixt?ll

Hper-cllstomerH charges. Almost ;111 compelitivl' bll~i.
nesses must cbllect tht'ir lixt.'d uvl.'rht:'.1(1" costs in

usagl!-sl'"sitivl;' ch;lrg~s. Com\-)l?lition 1l?"ds to bid
do\vn any customer ",lCCl'SS" fee such ,1S enlrilnce
ch"rge~ or annual ser,'icl' charges. Only businesses
with significilnt monopoly.power can cover Ih~ir
fixed ():;ts through ,1 fix{'l1 customer charge.

~If rl'glilation seek..c; to reproducl' the results of ,1
com\-'elilivl? l'conom)'. rille designs containing high
fixed charges are inappro\-)riale. Usage-sensitive rate
design \'\'ould then be apprl:>priate for collecting
<.ielivery' s)'stem costs. B~c,1l1se of the substantial
economies of scale, even after accounting for the
imp,lct of peak loilds, the cost allocation would
Iilrgel)' resemble a volumetric or commodity
allocation. This may explain the significant role that
volumetric allocations h,,"e alwa)'s played in utility
rate design. T

Thomas A1id'llcl PO/vl-'r. PhO. is a professor mid chn;rmml

of/he /,COIIOlII;($ dc.'pnrllllC'/II a//hC"Llllil'crsi/y of Mrnltalla

;11 Mi...~(111111,

mllst t.lke ils case to the Congress if it believes that

existing legisltltive mi1ndates Clre inadequilte under
current market conditions. Soulhu1t!.c/crll Bcll CClrr. l'l
III. 1'. l-"rdcr'll (-umll'Ullicnl;VI'.~ CO"""i.-:5;(1'" [\fo.'. 93-1562

el nl., //11110, 1995 (O.C.Ci;-.).
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Mechanism ~ng disil'lcen.tives to

.Investment In col'Iser-
vatiun ~)rogriln1s by" decouplil'lg" r~sil1ential re\'e.

l'Iues frum ~ales for ratemakil'lg purposes. The

mechill'lism ~)ermits cu-"tumer -"urcharges al'ld re-
ful'Ilis ii reVel'llle levels vary from tilrgeted levels.

The I'Il'W mechcll'li~m rtc'lies on cl per customer

reVl'l'IIle target figure bilseli on the allowf?d re\'el'llie

al'lll .1vl'rclge re;siliel'ltial Clistomtc'r count used in the

compclny's last rate Ccl~l'. lne target is then adjusted

to ;iCCUlll'lt for projecteli ~)t.'r customer revenue

grm","th ill'ld ch.lnges in persol'lal income. According

to the lltility, the adjustments Clssigl'l niore of the eco-

nomic ri:;k to shClrehollil'rs. Customer slJrcharges or

rl"flJl'ltis arl' ~)ermitted if reVel'llltc' levels \'clry from

tclrgt'lt'ti It'vels, but will ol'll~' be implemented to the

extent that company eClrnings rl"mClin within a s~)eci-

fit'tl rclngt'.

the courts in its effort 10 rl'li1x t.1riff filing r~'lilire.

Il\l'nls fur 11Ulldumill,111Ic\111Im"rl (,1111":,, rh\.' L'.S

Court uf Ap~'eals for thl' I)i.-;tri.;t (If CUlut1lbi.l Circuit

thwClrted the FCC's liltt'~t ,1ttl'm~'I. rlit'cting ~}ro-

posed rules thilt would pl'rt11il the nondomil1.1nt (.1r.

riers to file il rangl' o( rilll:'s rilthel' lh.ln fixe\1 riltt'~

tied to a schedule uf chargl's

11'1e I:ourts had earli\:'r l)\'erturneli .1 ~l'ril'.o:. of I:CC

rulings. In those cases. thl' CUllrls deniel1lht? rCC

authority 10 illlo\\1 the JelJriffing. .;i1in~ Ihe l:l'c:lt'rClI

Commllnications Act uf 19:;4: "Ielver~ common car.

rier. .-shall, ..file" larifi.-; with the FCC. In its recent

case, the FCC arb'Ued thilt thl' Communiloilliun.-; Act

does nol precisely define 111l' lyp~ filinh rt'lllltrl',I. .'Inll

therefore permits a tariff _cl~ntaiI1in~ il r,lngl:' oi r.ltes

As in the past,iheFCC cl.liml'J th.,' ~trlcll.1riii

requirements were cbuntl'r~'Irl)uucti\i1? .ltlli inllibill'li

price competition in the 11'1..1rkl'trl,xt? Thl' (irllJI!

court rejected this argllml'11t, i'lo\\'e\'er. iinl1inb th,'It

the Communications Act (ll'..1rly rt'llllires illl tMril'r!;
to file "schedlllt's shOwin\! ,III ch.1r,'t'!; " Itelvinl' hl?a\'.

C' n ,,'

ily on a 1994l1ecision L'I)' ti'll' U,S. Su~'rl'11IL' Cuut1.

concerning FCC alJti'loril~" III m(\(.lif'! Il'bi~I,1Ii\ ~ ft'.

qllirl!ments (MCI1i-/('(I"I"II/III;CIlI;,III:, (r"p, " j\'r~.,."f'
114 S.CI. 223). lhe cir(llil (lllifl fllll'l!-th.lt Ill\:' t:CC


