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ABST R AC T -

— This  thesis provides a brief h i s to ry  of u t i l i t ies
conservat ion and a background on electricity metering

in the Navy . A cost analysis is made of the savings

tha t would be required to justify installat icn of
m e t e r s  in the opera t iona l  area of the Nava l
Postaraduate School, Mon terey, California, using net
present valu e techniques. Cost data f rom a metering
pro jec t  at Paci f ic Missile Tes t Center , Pt. Mugu ,

Cal i fo rn i a  forms  a basis fo r  t h i s  analys is .  The
analysis indicates that meters would be justified a t
t he  school if an annual savings of electricity

resul t ing  fro m meter ing  could be rea l ized in t h e  r a n g e
of 2.1% to 7.(&~~. rhe thesis concludes that simila r

analy ses should be conducted at. other Navy

installations to determine the amount of electricity

savin gs that would be required to justify metering.
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I. INTRODUCTION

Throughout the United States, consumers exper ienced
modest increases in electricity costs from the early 1960’s

through the early 1970’s. In fact, m a n y  large consumers ,
such as the  Navy ’s shore  ins ta l l a t ions, felt no real
increase in electricity rates because utili ty com pan ies
his tor ica l ly  used billing schedules which provided discounts
for greater consumpt ion. This tended to hold the average

cost per unit of electricity nearly cons tan t from year to
year for those consumers who regularly incr ea sed their
demand. Figures 1 and 2 depic t total and unit cost data for

the operational area of the Naval Postg raduate School for
the period of fiscal year 1965 through fiscal year 1976.

The nearly flat unit cos t for constan tly increasing deman d
through 1973 illustrates the result of such a billin g

schedule .

How ever , as is readi ly  seen in f i g u r e  1 , a sharp
de par ture from the tren d has occurred starting in fiscal
year 1974. This change was felt Navy—wi de as can be seen in

figure 3. This departure was due to several factors,

inclu ding shar p increases in inflation just prior to and

during fiscal year 19714 as well as the Organization of

Petroleum Expor ting Countries ’ em bargo .

While fiscal year 1974 created financial difficulties

for those who pay elec tricity bills , the following years

pro duced a new trend, as was sho wn in figure 2 , which has
caused u t i l i t i e s  m a n a g e r s  to become i n t e n s e l y  i n t e r e s ted  in
positi vely controlling an~ consciously reducing consumption.

Out of this intense interest was spawned t h e  Navy ’s
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ut i l i t i e s  conservat ion progra m of which e lec t r ic i ty
conservation is a significant portion.

In investigating the area of electricity conservation ,

this thesis traces the development of the Navy ’s presen t

conserva tion program , fol lowed by a discussion of some of
the program ’s problems. A presentation of the metering

concep t an d its ability to solve the p rog ram ’s p ro b lems is
t hen  made , and the  cost of a p p l y i n g  the  me te r i ng  concept  is
ana lyzed .

In this analysis, the author is taking the approach of

determining what percentage of the existing electricity

consump tion must be saved to justify metering. This

ap p roach is used rather than trying to projec t th e result ing
dollar savings to compare aga inst the metering costs because

only ina dequate data on the possible savings is available.

F inally, conclusions are ma de w h ich provide guide lines
for  e v a l u a t i n g  the  initia l concept  of m e t e r i n g  at an
a c t i v i t y  and r e c o m m e n d at i o n s  for  sources of savings

information are given.

8
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FISCAL U T I L I T I E S  OP E R A T I N G
YEAR COSTS

1971 $190 Million

1972 $208 Million

• 1973 $228 Million

1974 $312 Million

1975 $407 Million Including 15%
conservation

1976 $457 Million Including 15%
conservation

(source: Curriculum Outline for Energy
Management CIN A—4a—00 37 ; CDP9555; Naval
School , Civil Engineer Corps Officers;
Port Hueneme , California)

Figure 3 — ?IAVY— WI DE UTILITIES OPERATING C O S T S : ALL

APP R OP RI AT 10 N S
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II. E X I S T I N G  C O N S E R V A T I O N  PROGRAM

A. HISTORY

Since its i n c e p t i o n , the Navy  has  oeen fo r c e~ to
practice conserva tion. Tha t is, the Navy has been fo:.e~ to

avoid wast e of utilities or any other resources because of C

Congressicnal scrutiny. Also , because utilit ies are

frequently considered an overhea d item to t~~e N a v y ’s
mission , manager s have usually sought to reduce u~ ility

costs to free more of their limited funds fo r  d i rec t  mi ss ion
areas .

This situation served to invoke a waste ivoidance

attitude about utilities. However , because utility costs in

general and electricity costs in particular were

historically such small portions of the Navy ’s total

expenditures , only minima l atte ntion was. paid to then until ’

1955. At that time the Bi:eau of Yards and Docks (BUDOC ~ S)

issued a formal utilities conservation program for the

Navy [Ref. 13 . This program drew attention to utilities

consumption by establishing a utilities cost analysis teport

and a utilities portion for the then existing management

assistance team surveys. The in itial results of this

program were impressive with noteworthy savings created by

resolving the most obvious consumption prcblenis. However ,

as the p :cbiems became less obvious and the paybacks became

less dramatic , the program lost ~ t s  appeal  an~ the

conservation interest it had initiated proved to be

temporary [Ref. 1].

12
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From 1955 to 1971 no new developments occurred in the

ut i l i t i es  conserva t ion  p r o g r a m .  Then  in 197 1 Bt JDOC K S ’
successor , the  N a v a l  Faci l i t ies  En g i n e e r i n g  C o m m a n d  (NAVFAC )
revitali zed the N a v y ’s progra m t h rough  the  issue of Nava l
Faci l i t ies  Eng inee r ing  Command  Ins t ruc t ion  113 10. 19A of 27
.July 1971 [ R e f . 1] . In add i t ion  to r e focus ing  a t t e n t ion on
the  p rogram of 1955 , this  i n s t r u c t i o n  requi red  t h a t  a r ev iew
of each ac t i v i t y  be made dur ing  the  m a n a g e m e n t  assistance
t e a m  v i s i t s  to de te rmine  if a local u t i l i t i e s  conservat ion
prog ram was needed. If t h e  local p r o g r a m  was in order , the
cognizant En g ineering Field Div ision in coo peratio n with the
activity was directed to develop such a plan.

Both of thes e prog rams  lacke d e f f e ctiveness in
conserv ing  u t i l i t i e s  because  n e i t h e r  es tabl ished objec t ives
which reguired conservation. The 1955 program and the 1971

update drew attention to utilities conservation , first at

the Navy—wide level and then at the base level bu t neither

reguired that in dividual activities reduce their utilities

c o n su mp t i c n .  Howeve r , in the  ev o l u t i o n  of Navy  u t i l i t ies
conse rva t ion , the  repor ts  r equ i red  by t~Le BU DOC K S p rogram
and the local conservation plans requirod by the 1971

instructicn form a data and administrati ve base on which the

present program is built.

B. PRES ENT PROGRAM

T his lack of emphasis on actually re ducing consu mpt ion
was o v e r c o m e  in 197 L ~ wi th  the  issue of Federal  M a n a g e m e n t
Circular 7~~— 1 [ R e f .  2]. That document set ~s a goal a 1 5%
reductio n in utility consumption based on fiscal year 1973

use lev~ 1s. This  d i rec t ive  was i m p l e m e n t e d  for  t h e  N a v y  by
Chief of Naval Operations Instruction 14100.5 of 13 June 197’4

[ R e f .  3 ] .
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The Navy ’s approach  in the conserva t ion  p r o g r a m  for
shore faci l i t ies  was a two pronged attack coordinated by

N A V P A C .  One of these approaches  was a program to encourage
the deve lopmen t  and  execut ion  of u t i l i t y — c o n s e r v i n g
m a i n t e n a n c e , repa i r  and  cons t ruc t ion  pro jects .
Justification for and appoval of these high cost investments

was  based on a payback  of the  in t ial  cost through projected
savings in uti l i t ies in f u t u r e  y ears . Whi le  j u s t i f i c a t i o n
of projects by pay back had p r ev ious ly  been acceptabl e , the
present conservat ion program al lowed more f avorable
considerations for utility—saving projects than for other

types  of capital investment projects. This plan gave rise

to many u t i l i t y — s a v i n g  pro jec ts  such as the  Boiler Plant
Contro ls  Rehab i l i t a t ion  in fiscal year 1975 at Naval  Ai r
Station , Patuxent River, Liaryland and the metering project

jus t comple ted at the Pac i f ic  M issile Test Cen ter , ?t. Mugu ,
California.

The secon d area of emphasi s was a consumer consciousness
campaign . Through  a va r i e ty  of medias the Navy encouraged
its people to pract ice  u t i l i ty  conservat ion . A lmost

• eve ry one  who has been on a Navy base in the past fe w years
has seen poignant messages near li ght swi tche s and
thermostats concerning conservation. In the area of

consumer consciousness , the Navy ha s pr ovi ded many  sp ecific
guidelines regarding thermosta t settings and use of utility

control points. But , the real message has been that

consumers of utili ties, including electricity, on Navy bases
must be willing to sacrifice and conserve.

C. PROBLEMS OF THE PRES ENT PROGRAM

Wh ile the present program made a significant impro vement in

the Navy ’s conserva t ion ef for t, it does have problems. Zn

the area of utility—saving projects, the main difficulty has

114
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been l imi ted  f u n d s .  In fact , t he  submission of these
projects  has been so popular  tha t  only those wi th  t he  very
fas te st paybacks  have had  high enough p r ior i ty  to m a k e  the
available funds cut—off. According to comments from the

Energ y Ccnserv at ion Office of N AV FA C (Code 1022E ) , tha t
organ ization is present ly approv ing  and fund ing  projects
which  have  payback periods of f ive  years  or less . This is
quite a short period for amortizing a major investment like

utility—system modifications or extensive building

i n su la t ion .

Whil e the prob lem of limited funds is some w hat difficult
for the Navy ’s utility conservation managers to overcome , j
there are prob lems in th e area of consumer  consciousness
which they can address. A major one is the lack of

ver i f i ab le  feedback to the respons ib le mana gers for
electricity consuming activities on an individual base.

Except in a few instances , such as Public Works Center , San
Diego , California and Pacific Missile Test Center, Pt. Mugu ,
California, fe w electricity meters exis t and th ey are
situated to reveal the whole installation ’s consuni pticn or

that of several buildings or a large area within the base.

As a result, the base utili t ies conserva tion manager has no
abili ty to identify consump tion in individual ar eas exce pt

through the use of engineering estimates. Regrettably,

these estimates have been the subjec? of much distrust by

responsible line managers. Therefore , without the ability

F to identif y consumption within the limits of lower echelon

m anage r  res ponsibility ,  an internal waster goes undetected

because of another ’s conservation efforts.

A nother pro b lem is that of staff im petus for the
con serva t ion  p r o g r a m .  At the individual base level, the

pro g ram is u s u a l l y  handled within the Public Works

De par tmen t which has Civil Eng ineer Corps of f icers for its
leadership. Wit h their engineering backgroun d and staff

15
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s ta tus  w i t h i n  the  N a v y — w i d e  f r a m e w o r k , these o f f i c e r s
f r e q u e n t l y  have  d i f f i c u l t y  in  mo t iva t ing  l ine oUicers  and
managers wi th their estimates ani advice. As a result ,
there is usually a lack of involvement and impetus for the

Conserva tion program by local operational managers.

Finally, a problem exists with the inabili ty to
determin e the base’s electricity distribution system

overhead. This again is due to the almost universal lack of

meters for the end users on a base . There is virtually no

way to accura tely determine the amoun t of electricity used
in stree t lighting and other such common functions or to
kncw how ruch power is lost due to poor w iring connec tions
an d line resistance. While this system overhead almost

always e xists, the lack of an abili ty to determine it means
an almost certain lack of an effort to control it.

As has been in dica ted , two of the three problems

concern ing the consume r consciousness p rogram ha ve b een
directly related to the lack of extensive e lec t r ic i ty
metering . Therefore , in an attempt to address these

problems , the following discussion of metering is presented.
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III. METE RI NG , A CONC EPT FOR C O N S E R V A T I O N

A. B A C K G E O U N D

There is growing  sen t imen t  t h a t  meters  are necessary  for
internal control of utilities within DoD. In May of 1977 it

was reported that the House of Representatives Sub—Committee

on Mili tary Installations an d Facilities was prepar ed to
direct the military services to install meters on all family

housing units [Ref . 4]. Also , the Army Audit Agency, in a
repor t cn the Army ’s Ener gy Conserv ation Program ,

sp ecifically identifie d consi deration of me ters as impor tant
[Ref. 5]. While both of these groups acknowledged that the

conservat ion publ ic i ty  campaign has been  e f f e c t i v e  in
reduc ing  consump tion , they both indicated a feeling that

further reduct ions would follow the metering.

3. DESCRIPTICN OF THE M E T E R I N G  ADDITION

As an addition to the present conservation campaign ,

electricity meters can be used to measure and i d e n t i f y
consum ption in a par t icu la r  area.  Gene ra l l y ,  t he se  meters
would be installed throughout the shor e facility to measure
the ele ctricity used in areas which coincide with manager
r e s p o n s i b i l i t y  and authority. Once installed, ã a-t a from

these me te rs will be period ically collected and valid
documentat ion of consumption by area will f ollo w .

17 
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A f t e r  this  consumpt ion  i n fo rma t ion  is recorded , it can
be employed in two ways .  F irs t , compari sons w i t h  s imilar
pre vious and present i n f o r m a t i o n  can be made a n d  thus
responsible  area managers ’ pe r fo rma nces can be eva lua ted .
Second , the shore fac i l i ty  can establish a bi l l ing system ,
much l ike ccmmercia l u t i l i t y  companies , and charge
responsible managers  for  electricity consumed by the i r
areas.  In th i s  case , Public Works Departments would have to
alter their roles to that of billing agent and expert

advisor rather than base—wide electricity procurer.

Obviously, budget ing for utili ties woul d shif t from Public
Works to the managers who would have to pay the bill.

In either case, the meters provide reliable feedback to

the base managers. No longer can the electricity waster

ride undetected on the efforts of the conserver. Also,

assuming that a base—wide meter exists, system costs such as

line loss, street lighting and other common electricity uses
can be determined. With valid consumption data available

and with that da ta determining the a rea mana ger ’s ratings,
it is believed that more goal congruence will, exist between

an operational manager ’s present objectives and electricity
conservation . This goal congruence should provide

self—induce d motivation to conserve and should cause the

conserva tion publicity cam paign to originate wi th line
manager s rather than staff officers. Also , the ar ea
manager ’s increase d conservation emphasis should lead to a

take over cf conservation monitoring and control by line

managemen t. Therefore , the conserva tion program s hcul d gain
more support, especially at the lower organizational level

and should , consequen tly, b e even more successful than the
present staff supported campaign.

It is upon the basi.s of this goal congruence an d the
resulting increased conservation that the metering addition

woul d be justified. However , because no data concerning

18
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• actual savings resul t ing  f r o m  extensi ve me te r ing  exists,
there  is a lack of documented  suppor t  or denial of these
in tu i t i ve ly  reasonable projec t ions .  The Naval  Faci l i t ies
Engineer ing  Command does indicate t h a t  in a somewha t
analago ti s s i t ua t i on, the ins ta l la t ion  of i nd iv idua l
a p a r t m e n t  meters in a complex which  t h e r e t o f o r e  had only a
single meter  typ ica l ly  resul ts  in a 25% s av ings  for the
whole complex  [ Ref . 6] .

All of these advantages  over the  ex is t ing  conse rva t ion
program do have coun te rba lanc ing  d i sadvan tages  w h i c h  must  be
considered.  Obviously ,  the cost of pu rchas ing  and
installing an extensive metering system is significant.

In fiscal year  1977 , the  Command ing  Of f i ce r  of t he  Naval
Tra in ing  Center , San Diego , Ca l i fo rn ia  voiced doubts
concern ing the engineering estimates for that command’ s

elect r ic i ty  consumpt ion.  In response , the  cognizant  Public
Works Center  (PWC) suggested t h a t  meter ing  migh t  he lp  by
p rcv id ing  direct consumpt ion  measu remen t .  PWC , San Diego ,
C a l i f o r n i a  es t imated the  cost of ins ta l l ing 22 e lect r ic i ty
meters  to  monitor  the Naval  Training Cen te r ’s consumpt ion  at
about $1 ,500 per met~~r :R e f .  7] .  Whi le  it is admitted that

this is an extreme exa mple , an estimate of “ ... several
h u n d r e d  dollars ... minimu m for me tering a typical Navy
bui lding ,” is suggested ERef. 7]. Because of the  un u s u a l l y
h igh  cost fo r  this  pa r t icular meter ing project , no action
was t a k e n  beyond t h e  e s t ima t ing  stage.

M ore de f in i t e  cost es t imates  can be gleaned f r o m  -da ta
concerning a recent pro jec t at the Pac ific Missile Tes t
Cente r, Pt. Mugu , Califor nia. In a project very simila r to

the concer t d iscussed in this section, that Navy shor e
facility installed 1146 watt hou r meters at a contract cost

of approxima tely $114 ,000. This quota tion was obtained from

the Pacific Missile Test Center Energy Conservation Officer
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(Code 6 200 — 3) . However , addi t iona l  charges  of 6~ of
contract  cost for  supervis ion , inspection and o v e r h e a d  f r o m
the contract  adm in i s ter ing c o m m a n d  b r o u g h t  the tota l cost
for  the  project  to about  $121 ,000 or $830 per m e t e r .

This p ro jec t  included the  ins ta l l a t ion  of me te r s  on all
d i s t r i bu t ion  sub—sta t ions  and on a lmost  every n o n — h o u s i n g
s t ruc tu re  w h i c h  has e lect r ic i ty  service on the base .  The
purpose of these mete rs  was  t w o — f o l d .  F i r s t , t h e y  were  to
put  aside the  doubts concern ing  eng inee r ing  e s t im a t e s  and
secon d , t h e y  were  to encourage  e l ec t r i c i ty  conse rva t i on
th rough  feedba ck to  responsible m anage r s .  The c o mp l e t i o n  of
the  project  in late  1976 sa t i s f ied  t h e  f i rs t  purpose  of
ob ta in ing  direct e l ec t r i c i ty  use  m e a s u r e m e nt .  Howeve r ,
because the  m a n a g e m e n t  i n f o r m a t i o n  sys tem which r e l a y s  the
consumpt ion  data to  t h e  responsib le  m a n a g e r s  is not yet

f u l l y  opera t ional, conse rva t ion ,  r e s u l t s  h a v e  n o t  yet
occurred .

Whi le  a mete r  can be purchased fo r  about  $70 to $U0 O ,
the m a j o r i t y  of t he  costs in both p ro j ec t s  cited is due to
th e mo difications required to the exis ting w iring to
accommoda te  the  me te r s  as i nd i ca t ed  by r e fe rence 7 a n d  the
Pac i f i c  Miss i le  Test Center  Ene rgy  Conse rva t ion  O f f i c e r .

Along  w i t h  t h e  in t ia l cost of i n s t a l l i n g  the m e t e r s , the
base m u s t  bear the  a d m i n i s t r a t i v e  costs of u s i n g  t h e m .
These inc lude  the cost of r ead ing  the me ters , documentation

and ana lys i s  of those read ings , and m a i n t e n a n c e  of the
meters  and  the  managemen t  i n f b rm a t i o n  sys tem.

Another important difficult y with metering is th~
inabili ty to determine, from rea di ngs , the electricity

consume d by each organizat’ional entity w h en the me tere d area
is shared amcung multiple occupiers. Then responsibility

mus t be determined by est imates and room for doubt
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concerning conservation performance results. For this

reason , the metering must be extensi ve enough , wi thin a
building if necessary, to identify consumption on an
organ i z a t i o n a l  level low enough  to avoid s i g n i f i c a n t
ccmbined responsi bili ty by internal base and com mand
managers.

Finally, a significant problem area is that of
electr ic i ty  distr ibutio n sys t em overhead.  Obv ious ly , line
loss, street lighting, an d other costs of operating a

d i s t r i bu t ion  system must  be considered . The quest ion
arises, how much sys tem overhead  will  the metered managers
consider reasonable? rhis is especially important if the

area managers are paying for electricity directly at a rate

which would include sys t em overhead costs as well, as
generation or purchase cost. This scrutiny of system

overhead m a y  hav e the  bene f i c i a l  e f f ec t  of i n s u r i n g  more
f a v o r a b l e  suppor t  by the l ine ma nagers  fo r  Pub l i c  Works
projects  and p rog rams  to improve  and m a i n t a i n  the  base ’ s
distribution system.

To provi de the conservat ion p rogram decision makers with
a real wor ld  example , the fo l lowing sections p r o v i d e  an
analysis of this metering plan as it applies to an existing

Navy facility.
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IV. AP PLICATION OF M E T E R I N G  TO THE N A V A L  P O S T G R A D U A T E
SCHOOL, MONTEREY, CALIFOR NIA

Before discussing the details of the application of

metering to the Naval Postgraduate School, a brief
descript ion of the installation is provided. The facility

covers ap proximately 600 acr es of land with a variety of

structures. It is located on what was the grand Del Monte

resort of the late 1800’s and early 1900’s. While some of

the resort ’s buildings dating from before 1900 remain ,

others were completed as recently as 1975 . The sch ool is
divided into five parcels of land; the main stat ion, the La
M esa V illa ge hous ing area, the beach area , the

lab—recreation area and the annex . Each parcel has a

separate internal electricity distribution system with at

least one me tered supply from Pacific Gas an d Electric
Com pany , a commerc ial utility. On these five parcels are

526 structures and improvements , i nclu d ing 37 2 housing
structures. A majority of these 526 structures have

electricity service. Electricity is used for lighting,

cooling and various equipment power supply , while natural

gas is the prime energy source for heating.

The scope of this thesis is intended to cover only the

non—h ousing areas since Congress is already prepared to

d irect the military serv ices to install me ters in housing
areas. With tha t situation , it is felt that a study of

housing metering would be an exercise in hindsight rather

than an exampl e for decisions yet to be made. Therefore ,

the 372 housing structures were omitted from this study

leaving 1514 buildi ngs and improve ments to be investigated.
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A f t e r  s tudy  of pro pert y records (‘ R e f s .  8 and  9 ]  and
i n t e r v i e w s  with  Public Works  Dep ar tmen t  personnel , it was
discovered t h a t  73 of the 1514 n o n — h o u s i n g  s t ruc tures  would
requi re  no meters .  This was due to lack of p resen t  or
p lanned  electric service, p l a n n ed demol i t ion , or t h e  cu r ren t
exis tence of meters  (tota l of 20) . Howeve r , because some of
the 81 bui ldings and i m p r o v em e n t s  w h i c h  required m e t e r s  were
divided am cung  several  o r g a n i z a t i o n a l  uni t s , it was
es t ima ted  t h a t  100 meters  mus t  be added to the  school to
a pp ly me tering in a fashion consistent ’with that described

in t h e  preceding  section . With  the ex i s t ing  20 m e t e r s , this
addi t ion  would b r ing  t h e  total  n u m b e r  of i n t e rna l
electrici ty meters to 120 for the non-housing areas of the

school. Appendix A indicates the proposed locations for the

100 additional meters.
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V. ECONOMIC ANALYSIS OF THE METERING CONCEPT

The fol lcwing  a n a l y s i s  is an a t t e m p t  to g ive  decision
makers  a. feel fo r  the re la t ive  meri ts  of me te r ing .  B ecause
no appl icable  da ta conce rn ing  savings of electricity after
extensive metering is available , the n o r m al pro cedu r e  of a
cost/benefit analy sis has been modified. In this thesis the

lifetime costs of the metering concept have been estimated

and converted to their net present value using the

reccmmended 10% discount rate [Ref. 10). The details of the

cost estleatE are provided in Appendix 5. Also , the cost of

electricity based on constant consumption using fiscal year

1976 as a base—line is extended through the same periods as

the propose d economic lifetimes of the metering project.

The total estimated future cost is then converted to net

present value by means similar to those used for the

metering ccncept. This second net present value represents

the cost in today ’s dollars of continuing to use electricity

as it is present ly  used w i t h  onl y the  b e n e f i ts  of the
exis t ing conservat ion  p r o g r a m .  These ne t  p r e sen t  va lue
analyses  are de ta i led  in A p p e n d i x  C. F i n a l l y ,  t he  net
present  va lue  of t he  me te r i ng  concept  is c o m p u t e d  as a
pe rcen t age  cf t he  net p resen t  v a l u e  of the  un a l t e r e d
e lec t r ic i ty  c o n s u m p t i o n  over s imi la r  f u t u r e  per iods .  The
resulting perc entages indicate the averag e annual savings as
a par t  of f u t u r e  elect r ici ty costs necessary  to p a y  back  the
cost of the metering addition during the future period.

Because of the  e f f ec t  of i n f l a t i o n  in long p ay b a c~
period projects and because of its variability, differing

considerations for inflation hav e been made. In Case 1 (see

Fig. 5 cf Appendix C), different inflation rates have been
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appl ied to t h e  met er ing  and t h e  e l e c t r i c i t y  costs f o r  the  
—

first five years . An estimate of 15% for the annual

inflation index for electricity costs over the next five

years has been provided to the author [Ref. 11], while

metering costs are expected to increase at an estimated

inflation rate of  6.8%. Effects of inflation after the

initial five year period ha ve been considered identical on

both the metering and the electricity costs in Case 1 .

In the final case analyze d, Case 2 (see Fig. 6 of

Appendix C) , it is assumed tha t inflation will affect bot h

electricity and metering Costs at the same rate for any

future period so the effect of inflation is disregarded.

Two time—spans have been investigated within each case.

First, an economic life of five years is established , to

match the existing maximum payback tim e for approved and

funded energy conservation projects. Next , since the real

economic life of electricity meters is estimated at 40 years

or more [Ref. 12], an analysis using a 40 year project life

is included in both Case 1 and Case 2.

The results of this thesis show that if differential

inflation is applied as in Case 1 , a savings of 5.2% over

five years or 2.1% over ~0 years must occur to pay back the

additional costs if t:-ie Naval Postgraduate School installed

meters to improve its electricity conservation program .

Similarly, the results of Case 2 indicate that the school

must realiz e an average annual saving s in future electricity

cos ts, of 7.14% over five years or 3.6% over 140 years to

recaDtu:e the cost of the meters if inflaticn is

disregarded. Obviously, if saving s greater than these would

result, meterin g costs could be recovered more ra~ idly.
Conver sely , lower savings imply -a loss on the in’i~ s~~ ent for

me ters.
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- The results  discussed above would ind ica te  t h at  me te r ing
- ana lys i s  fc r  any par t icular  ac t iv i ty  would  be a p p r o p r i a t e  if
- savings  in the  r a n g e  of 2 . 1 %  to 7 .4% are e s t ima ted  as
- feasi ble .
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II .  CONCLUSIONS

In del iberat ing over t h e  quest ion of e x t e n s i v e  m e t e r i n g ,
t he  cognizan t  local decision maker  a t  any a c t i v i t y  must
consider which  economic l i f e  or payback  per iod  is
appropriate . The 40 year period should be most applicable

if the intial cost of a p articular metering pro ject is
expected to fall within local approval authority limits.

However , if the size of a base metering project forces

r e f e r a l  to r e v i e w i n g  o f f i ces  above the command , t h e n  the
fastes t  payback  possible is desirable. In that  case , the
local mana gers should direc t their thinking and analy sis to
the five year period.

No matter which payback period seems reasonable , the

conclusicns of this thesis provide the below listed

guidelines.

A. If the local dec ision make : feels that an average

annual savings of electricity costs of 5.2% to 7•14% ov er
five years is feasible, then a net -s. ic p:o~ ect for that

particular installaticr. should be ~r .alyzed in a manner

similar to Appendix C an-i should be pursu ed if the

analysis support s such act ion.

B. Should the local situation indicate the 40 year

lifetime as reasona ble, the n the local decision maker

should feel sure of an average annual savings of 2. 1% to

3.6% before spendin g tim e and money on a full analysis of

metering for that locality. Uowever , the local decision

maker is cautioned to consider very carefully the effects

of a 40 year project .on . There is significantly more room

fo r  e r ror , especial ly  by  c o m p o u n d i n g  smal l  - l if f er e n ce s
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b e t w e e n  t he  p ro jec ted  and ac tua l  situa t ion than  w i th  a
shor ter  t i m e — s p a n .

C. If the savin cs identified relative to the situations

described abov e  are no t  considered reasonable  at a
particular base , then no further consideration of

extensive meterin g should be made for that locality until

the expected savings rise to the appropriate level.

D. Should extensive metering be warranted , it is

recommen ded that the manager performance review concept be

employe d with the introdution of the meters rather than

the billing system . Because metering will bring such a

significant change to the base ’s electricity supply

system , it is considere d that simultaneous imple me ntation
of a billing plan would com pound the pro b lems that
naturally come with change. If considered necessary, it

is recommended that internal billi ng be incorporated at a

later time.

In order to lift some of the burden of guessing the

future savings of metering f rom the local decision ma ker,
the following suggestions for obtaining inf orma tion on that
matter are submitted .

A. A follow—on study can be performed by direct , limited

scope experimentation. The employment of a small number

of meters can be made to measure portions of a base ’s

consumption. Through an ex t ended  dela y in a n n o u nc i n g  t h e
instal lation of the meters , before and after data may be

obtained. This plan will require much time and careful

design cf the experiment .

B. Ano ther mor e reliable source of savings information

wou ld be the investigation of the Pt. Mugu consumption

trends after a history of data relative to the recently

installed extensive metering is established.
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C. The 25% savings resulti ng f r o m  m e t e r i n g  an a p a r t m e n t
complex  as cited by N A V F A C  and discussed in an earlier
section of this thesis can be used as a rough  guide.
B oweve r , several d i f fe rences  between t h a t  s i t ua t i on  and
the  me te r ing  of a N a v y  base under  th is  s t udy ’s a s s u m p t i o n s
exist. First, the apartmen t situation includes
residential activities while the  opera t iona l  areas of a
Navy installation are more simila r to commercial or
ind ustrial functions. Second, no indication of the time
in history of metering the apartments is given. They may

have been installed long b efore our nation ’s curren t
energy consciousness and conservation trends began.

Third, it is presume d that with the new apartmen t me ters,
the tenants were required to pay electricity bills for the

first time in that complex. With the manager review plan ,

no analagous situation exists. Fourt h , no ind ication as
to the length of this 25% savings was made and there is no

reason to believe that suc h a reduction would or would not
last the full projected payback period .

Finally, there are some intangible benefits of me tering
which the local decision maker may want to consider.

A. The installation of electricity meters provides not

only a means for positive management control of

electricity use but further sets the stage for such

con trol in other utilities. It establishes in the minds

of the local consumers the idea of higher management

scrutiny of their  utility consumption. ~etering an d the
manager review process wi ll also familariz-e the

responsible consum ers with the kinds of tactics t hey must
employ to respond to the review and to conserve utilities .

B. With some modifications , electric ity meters can be used
as point sensors in a system which monitors and controls

deman d peaks. Since these demand peaks have a significant

29 
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-* effect  on f u t u r e  electricity rates , control of the m is
- 

becoming increas ingly  desirable.

I
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A P P E N D I X A

P R O P O S E D  LOCA TI O N S  FO R A D D I T I O N A L  ~1E T!RS

The following table id-intifies the proposed locations of

100 n e w  e lec t r ic i ty  meter s  a t  t h e  N a v a l  P o s t g r a d u a t e  School ,
io n t e r e y ,  C a l i f o r n i a .

STRUCTURE STRUCTURE NAME OR METERS
NUMBER FUNCTION HOUSED ADDED

15 ONI ,DOD 1

21 CPO Mess 1

22 MEPRF 1

24 
- 

S u p p ly and Fire Station 1

25 Child Care Center 1

27 Storage 1

64 Storage 1

74 Storage 1

98 Fueling Stand 1

99 Transmission Tower 1

102 Instrument Stand 1

186 P. W. Maintenance Shop 1

188 Water Storage Tank 1

189 Water Pump House 1

191 Golf Course Clubhouse 2
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STRUCTURE STRUCTURE NAME OR METERS
NUMBER FUNCTION HOUSED ADDED

192 Tractor Garage and Maintenance 1

194 Chlorinator Building 1

195 Toilet Building 1

197 TW Systems Building 1

199 Golf Course Pro Shop 1

200 Computer Center , FNWC 1

203 Offices , FNWC 1

205 Barracks , WEQ 1

211 EM Recreation Hall 1

213 Cascade and Turbine Lab . 1

214 Engine Maintenance Shop 1

215 Compressor Lab . 1

216 Jet Engine Lab . 1

217 Rocket Motor Lab. 1

218 Marine Biology Lab . 1

219 Gate , Sentry House 1

220 Herrmann Hall 14

221 Herrmann Hall , East Wing 4

222 Herrmann Hall , West Wing 2

230 Aeronautical Lab . 1

231 Radar Tower 1

232 Spanagel Hall 1

233 Electrical Engineering Lab., 1

Bullard Hall

234 Halligan Hall 1
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STRUCTURE S T R U C T U R E  NAME OR METERS
N U M B E R  F U N C T I O N  H O U S E D  A D D E D

2 35 Root  Ha l l  1

236 Central Heating Plant 1

237 King Hall 2

240 Electric Switchgear Building 1

241 Sewage Pump Station 1

242 Auxilary Sewage Pump Station 1

243 Electronic Equipment Building 1

244 Swimming Pool Pump House 1

246 Double Handball Court 1

247 Boiler EM Building 1

248 Muffler Stack Building 1

249 Jet Test Building 1

250 Swimming Pool 1

251 Swimming Pool 1

252 D o u b l e  Tennis  C o u r t  1

256 Swimming  P o o l  F i l t e r  B u i l d i n g  1

257 Condensate Pump House 1

258 F i r e  H o u s e  1

25 9 B a r r a c k s , EM 1

260 Subsistence Building 1

2 87 W a t e r  S t o r a g e  Tank  1

288 Water Pump Statio n 1

291 Toilet 1

292 Steward’ s Quarters 1

2 96 M o b i l e  A n t e n n a  1
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S T R U C T U R E  S T R U C T U R E  NAM E OR ME T ERS
N U M B E R  F U N C T I O N  H O U S E D  A D D E D

297 Antenna Field 1

327 Fuel  S t o r a g e  Tanks  4

329 Sewage Pumping Station 1

330 Ingersoll Hall 1

333 Incinerator 1

338 Booster Pump 1

339 Library 1

340 Golf Course Storage Building 1

343 Water Storage Tank 1

345 Booster Pump 1

412 Closed Circuit TV Building 1

500 Interim Mechanical Engineering Lab . 1

514 Interim Ocean Sciences Lab . 1

518 Transformer Building 1

Total Meters to be Added 100
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AP P ENDIX B

COS T ESTINATE FOR METERING CONCEPT

The fo l lowing  discussion describes the  a s sumpt ions  and
me tho ds appl ied in the developme n t of a lif etime cost
es t imate  fo r  the m e t e r i n g  concept as it appl ies  to the N ava l
Postgraduat e School. First , a generalized description of

costs is made  and then t he  sources of the numbers  and  an
explanation cf the computations is provided for each line of

the summ ary shown in Figure L~ .

The costs h a v e  been broken in to  two  categories . The
f i r s t  is the  o n e — t i m e  or i n v e s t m e n t  costs of the cQncept .
The second category includes all those costs w h i c h  a r e  due
to the existence of the me ters an d whic h will occur annually
as long as the meters are used. - -

The most significant cost is the investment require d for
purchasing and installing the electricity meters . In

estimating this cost an av erage of $830 per meter installed

is used . That amount was derived by finding the average

cost per meter in the Pacific l issle Test Center, Pt. Mugu

project for extensive metering. There are several reasons

for accep ting that figure . First, the Pt. Mugu project

provi ded a similar number and densit y of meters on that

installation as is proposed by this analysis. Second , both

bases have similar distr ibut ion system voltages. Third , the

costs are current since the project was completed in late

1976. Fourth , the Pt. Mugu average is in line with

estimates provided by Public Works Center , San Diego,
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California (Ref. 7) and with quotations cited by Pacific Gas

an d Electric Com pany :Ref. 11). Fifth , the Pt. Mugu

ins talla tion is rela tively close to the Naval Pos tgradua te
School and therefo re the d i fferences in cos t due to
geograph ical characteristics are minimized.

The only other one—time cost is that estimated for the

design and implementation of a ma nagement information system

(M I S) s o f t w a r e  package.  It is assumed tha t this system will
be c o m p u t e r  based and wi l l  be the  ma in  tool for  t r a n s l a t i n g
me ter readings into meaningful manager review information .

The es tima te is based on an interv iew w ith the Direc tor of
the W . P. Church Computer Center (Naval Postgraduate School

Code 01~ 41) . He in dicates tha t six man—months for a GS—9

pr ogramm er f or this type pro gram is sufficien t . Th e p rogra m
as conceive d an d est ima ted , accepts the meter readings and
p e r f o r m s  a r i t hm e t i c  m a n i p u l a t i o n s  and  t r e n d  a n a l y s e s  on
them. This estimate was confirmed by Public Works Center ,

San Die go , California Utilities Division Office (Code 68O~
which works with a simila r system.

The recurring annual cos ts are alm os t exclusively labor
costs and all are based on current 1977 rates which coincide

with year one of the analyses in Appendix C.

An obvious recurring cost is that of reading the meters .

Since the school now has 20 me te rs an d rea ds then mon th ly,
the authcr interviewed the supervisor of the meter readers

for an estimate. His estimate was that a meter reader could

read 60 meters on the base in an eight hour day. That

estimate includes physically reading the meters plus

formatting the data for keypunch translation. Since this

thesis proposes a total of 120 meters for the school , an
effort of 16 man—hour s per month will be required for

reading the me ter s. Futher investigation within the base ’s

Public Works Department reveal ed that the present pay rate
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for the meter readers is $9.18 per hour which includes

fringe benefits (aef. 13). Materials for meter reading were

considered negligible.

The estimate for keypunching these readings for entry

into the MIS was provided during the interview with the

director of the computer center. His quotation of one hour

per month for the 120 data points with a rate of $3.75 per

hour was deemed adequa te, whi le  annua l  m a terials cost fo r
keypunching was estimated at $50.

The director of the compute r facility further indicated

that w h ile in a Na vy si tua t ion , the compute r run coses would

no t usuall y be char ged agains t the conserv at ion pro gra m , an

estimate of $50 per mont h would cove r such a cost if  the  ~IS
were run  in a commercial  f a c i l i t y .  This amoun t  was i nc luded
in t he  annua l operating costs used in this analysis.

While the mana ger revi ew plan , as described in the body

of the thesis, will  pro babl y be manage d by mi l i tary
personnel , an attempt was made to es:imat5 385 3ost of their
e f f o r t s . It was assumed t h a t  a m o n t h l y  r ev i ew  of the  ~IS

p r i n t — o u t  woul d be p e r f o r m e d  by the  school’ s Energy
Conservation Officer . It is estimated that that officer

would spend one hour per month in review and analysis and in

writing a summary report for the base—wide superior ,

presumably at the executive officer level within the school.

It is further estimated that the executive office:, at the

rank of Captain , would spend approximately three hours per

quart er r ev i ewing  and analyzing the reports and in

con duc ting the manager r evie w . The hourly composite rate

for a Lieutenant (junior grade) (Energy Conservation

Officer) is $8.07 while for a Captain it is $17.39 C?ef.

it ’] .

The last cost item , ma intena nce of the MIS , is estima ted

37



at a l u m p  sum of $1 , 000 or a lmos t  one m a n — m o n t h  per year  for
a GS—9 p r o g r a m m e r .  This i tem is for a d j u s t m e n t s  to the
s o f t w a r e  for user c omp a t a b i l i t y  and f o r  upda tes  in ou tpu t
r e q u i r e m e n t s  as indicated by t he  school’  s compu t  ~r cen te r
d i rector .

There are some items of very sm all or in tangib le co st
which were considered but were not included in the estimate.

One such item is the cost of maintaining and repairing the

electricity meters. In an effort to obtain data on this item

the author contacted the local electricity supplier.

Pacific Gas and Electric Company indicated that their cost

in th is  area  was so i n s i g n i f i c a n t  t h a t  t h e y  ha d  no sys tem
for tracking or controlling it (Ref. 11]. The utility

company  went  on to say t h a t  w i t h  a secured a rea  l ike  the
base, the relative cost of meter maintenance should be even

less t h a n  those w h i c h  they experience (Ref. 11]. This was

felt because the supplier ’s prevailing reason for repairing

the meters has been vandalism. Therefore , the maintenance

and reoair ccst for the meters is not ir~cl~ided in t~ e

e s t im a t e . —

A n o t h e r  i tem of cost considered was  t h e  a n c u L t  nf
electricity consumed by the meters but not registered on

them. Since tha t is estimated at two watrhours per mon th

per meter (Ref. 11], the total amount consumed would be less

t h a n  250 wa t t h ou r s  per m o n t :~ fo r all 120 m e t e r s .  In  v i e w  of
a cost of $O.021 per kilowatthour (1 ,000 watthours) and a

total bill of $356,e6~ for fiscal year 1976 in the

operational area of the school (Fig. 1 and 2),this item was

considered to be insignifica nt.

F ina l ly, the cost of distrib’r:ing ~he ~~S reports an-i

m a n a g e r  r e v i e w  memos  is cons ide red  ~~ be i:,t a n g i b i e  since it

is assum ed  that  t h e  base g u a r d  rai l  w: 11 f i i i  ~~e ~~ n c t i o n .
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I. ONE—TIME COSTS

Installation of Meters $83Ji00
$830/meter x 100 meters

Design and Implementation of Management $7 ,500
Information System
$1 ,250/man—month x 6 man-months

Total one—time costs $90.500

II. RECURRING ANNUAL COSTS

Meter Reading $1 ,762
$9.13/man—hour x 16 man—hours/mon th x
12 months/year

Key Punching $95
$3.75/man—hour x 1 man—hour/month x
12 months/year + $50 materials

MIS Computer Run $600
$50/run x 1 run/month x 12 months/year

Manager Review Plan $306
$8.07/man—hour x 1 man— hour/month x
12 months/year + $17.39/man—hour x
3 mar- -hours/quarter x 4 quarters/year

Maintenance of MIS ~~~ 0O0
$1 ,000 lump sum

Total recurrin e annual costs $3 . 763

Rounded to $3 .770

Figure 4 — S U M M A R Y  OF M E T E R I NG EST I M A T E
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A P P E N D I X  C

PRESENT VALUE ANALYSES OF COSTS

T h r o u g h  the  net present  v a l u e  t e c h n i q u e , t h e  costs of
the metering concept and those of the Naval Postgraduate

School’s electricity ccnsumption are analyzed.

In Case 1, as shown in Figure 5 , the effect of

differential inflation rates for the project and electricity

costs is considered. However , because of the uncer-tainty of

the inflation index estimates beyond five years into the

f u t u r e, Case 1 only applies the differing rates for the

first five years of the analysis. Those rates are stated

and explained in the below discussion of assumptions and

calculations.

Within Case 1 , two time—spans are investigated because

of their relative importa nce in the local activity
situation. First, a five year life is studied because that

is the existing maximum payback period of the conservati n

projects which are presently being funded . Second , b ecause
estimates indicate that e lectricity meters will last at

least 40 years, that tine—span is used for a second project

li fet ime.

In Case 2 as s h o w n  in F i g u r e  6 , i t  is assumed  th a t
in flation will affect all the costs in the analysis in the

sane proportion and infla tion is therefore ignored. This

case forms a base—line for considering metering when the

local uti1it~ es conservation decision make r either doubts
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the v a l i d i t y  of t h e  indices used in Case 1 or bel ieves  tha t
the inflation rates applicable to his or her activity differ

f ro m those in Ca se 1.

As in  Case 1 , Case 2 inc ludes  analyses  of the f i v e  year
and 143 yea r  project  l i f e t i m e s  f o r  simila r reasons.

In both cases, the cos ts of meterin g are based on
Ap pen dix B while the basic elec trici ty cos ts are foun d in
Figure 1. These basic costs are adjusted by the applicable

infla tion factors in Case 1 before the net present value

analysis begins.

In both cases , the  net  present  v a l u e  of the metering
prcjectt s lifetime cost is determined by applying the

r ecommended  discount f a c t o r  fo r  each par t  of the l i f e t i m e .
These discount factors are based on a 10% discount rate for

?ublic inves tmen t s as suggested in Reference 10. The net

present  va lue  of the  una l tered e lectr ic i ty  c o n s u m p t i o n  for
the school , based on the 1976 volume and extended over

similar time—spans as the pro ject lifetimes , is determined

similarly. Then the net present value of the project cost

is divided by the net present  va lue  of the electricity costs

for similar periods in both cases. This establishes the

proportion of the electricity costs which must be saved n

an average annual basis to pay back the metering costs.

The follcwing assumptions and explanations are presented

concerning the computations shown in Figures 5 and 6.

1. Project year zero of all the analyses is fiscal 1976

due to the lack of audited data on the schoci’s

electricity consumption for later periods. Also , this is

the time—frame of the Pt. Mugu project which forms the

basis for a significant part of the year zero costs .

2. Because an annual inflation rate of 15% for electricity

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-~~~~~~ =—- ~~~~~~~~~~~~~~~~~~ -~ -



costs for t he  school for  the  next  f i v e  years  is es t imated
[R e f .  12],  t h a t  percen tage  is appl ied to the a p p r op r i a t e
cost i tems in Case 1.

3. An annua l  i n f l a t i on  ra te  of 6 . 8 %  is app l i ed  to the
mete r ing  concept costs in Case 1. That  rate was es t imated
b y a series of m an ipu lat ions  of da ta  concerning i n f l a t i o n
indices for  such costs . Since only t he  recur r ing  costs
mer it the appl ication of i n f l a t i o n  r a t e s  and s ince they
are almost  ent i re ly  labor costs , the  fo l l owing  m e t h o d  for
obtaining the 6.8% rate was used. First, the labor
ef for ts wer e divi ded into two broad categories , sk illed
m a i n t e n a n c e  for  the  meter  readers and profess ional ,
administrative and technical support for all others.

Second , since no data b y infla tion in dic es coul d be
located for  skille d ma in te nance la bor for years 1975 and
1976 , a five ye ar avera ge annu al ra te was es tablished
using 19714 and prior data [ R e f .  15] .  Tha t  a v e r a g e  was
found to be 6 . 8 14 % .  T h i r d , a sim ilar average for the
profess iona l  cat egory was established a t  6 . 7 6 %  w i t h  the
aid of pertinent data starting with 1976 and moving back

t h r o u g h  1972 [ R e f .  16]. A we igh ted  average  of t hese  two
indices was then established by the following computation:
( 17 6 2/ ( 1 7 6 2  + 1351) ] x 6.814% + [ 1 3 5 1/ ( 1 7 6 2  + 1351) ] x
6.76% = 6.78%, rounded to 6.8%. The 1762 is the annual

cost of meter reading and the 1351 is the sum of the

keypun ching la bor cost, the manager rev iew plan cos ts an d

the MIS maintenance costs [Fig . 11]. No five year stream

of inflation indices for computer run tine was found.

L4~ Individual discount factors for years zero through five

are taken from table E-16 of Reference 17 .

5. The com bined discount f a c t o r  for years one through f ive
is taken from that same table and is simply the sum of the

individual factors for those years .

6. The ccmbined discount factor for years six through

142
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forty is ccmputed using the same table and as follows: the
combined discoun t factor for years one through forty minus
the combined discount factor for yea rs one through five.

7. The costs shown for years six through forty is a
constant annual cost, not the total for those 35 years.

8. Net present value is computed by multiplying the
projected cost occurring annually in each period times the
corresponding discount factor.
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P R O J E C T  NPV E L E C T R I C I T Y  M E T E R I N G
YEAR FACTOR COST NPV COST NPV

0 1.0000 N/A N/A 90 ,500 90 ,500

1 0.9091 410 ,394 373 ,089 3 ,770 3 ,427

2 0.8264 471 ,953 390 ,022 4,026 3 ,327

3 0 . 7 513 542 , 7 45 4 0 7 , 6 7 4  4 , 300 3 , 231

4 0.6830 624 ,15 7 426 ,299  4 ,593 3 ,131

5 0.6209 717 ,781 445 ,670 4,905 3 ,045

6— 40 5.9880 717 ,781 4,298 ,072 4,905 29 ,371

Total NPV Years 0—5 2 ,042 ,844 106 ,667

Total NPV Years 0—40 6 ,340 ,916 136 ,038

Fi ve Y e a r  P a y b a c k  P e r c e n t a g e

Total NPV Metering Years 0—5
Total NPV Electricity Years 0—5 5.2%

Forty Year Payback Percentage

Total NPV Metering Years 0—40
Total NPV Electricity Years 0—40 = 2.1%

Figure 5 — CASE 1: NET PRESENT VALUE ANALYSIS OF

ELECTRICITY AND METEP.ING COSTS WITH INFLATION APPLIED
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PROJECT NPV ELECTRICITY METERING
YEAR FACTOR COST NPV COST NPV

0 1.0000 N/A N/A 90 ,500 90 ,500

1—5 3.9771 356 ,864 1,419 ,248 3 ,770 14,993

6—40 5.9880 356 ,864 2,136 ,902 3 ,770 22 ,575

Total NPV Y e a r s  0— 5 1, 419 , 2 48 105 , 493

Total NPV Years 0—40 3 ,556 ,150 128 ,068

Five Year Payback Percentage

Total NPV Metering Years 0—5
Total NPV Electricity Years 0—5 = 7.4%

Forty Year Payback Percentage

Total NPV Metering Years 0—40
Total NPV Electricity Years 0 — 4 0  = 3.6%

Figure 6 — CASE 2: NET PRESENT VALUE ANALYSIS OF

ELECTRICITY AND METERING COSTS WITH NO INFLATION APPLIED
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