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EXEC UT 1 VE SUMMARY 

The purpose of t h i s  r e p o r t  i s  t o  assist  t h e  Naval C i v i l  Engineer ing  

Labora tory  (NCEL) by i d e n t i f y i n g  important: € a c t o r s  t h a t  tnf l uence  the 

adop t ion  and cont inued  use of energy-conserving t echno log ie s  a t  Naval 

s h o r e  f a c i l i t i e s .  

Background 

I n  response  t o  s e v e r e  petroleum s h o r t a g e s  and r a p i d l y  e s c a l a t i n g  

energy prices, t h e  Department o f  Defense e s t a b l i s h e d  i n  1980, q u a n t i t a -  

t i v e  g o a l s  for r educ ing  energy consumption a t  Naval sho re  f a c i l i t i e s  by 

1985, 1990, 1995, and 2000. The Navy's response  t o  the  "energy cr is is"  

inc luded  (1) c r e a t i o n  of a v a r i e t y  of special  funding  programs f o r  

energy c o n s e r v a t i o n  p r o j e c t s ;  ( 2 )  a u t h o r i z a t i o n  f o r  d e s i g n a t i n g  an  

energy  o f f i c e  w i t h i n  t h e  E'ublic Works Department (PWD) a t  Naval sho re  

f a c i l i t i e s  ; ( 3 )  enhancement of t h e  p r o v i s i o n  of ene rgy- re l a t ed  informa- 

t i o n  through i t s  e n g i n e e r i n g  suppor t  sys t em,  p a r t i c u l a r l y  t h e  Naval 

F a c i l i t i e s  Eng inee r ing  Command and NCEL; and ( 4 )  e s t a b l i s h m e n t  o f  

awards t o  f a c i l i t i e s  € o r  o u t s t a n d i n g  energy  c o n s e r v a t i o n  achievement .  

NCEL tests p roduc t s  for t h e i r  s u i t a b i l i t y  f o r  p a r t i c u l a r  Naval 

c i v i l  e n g i n e e r i n g  needs and d i s s e m i n a t e s  i t s  f i n d i n g s  t o  f a c i l i t i e s  

through p u b l i c a t i o n s  such as Techdata  S h e e t s .  It a l s o  provides  a 

t e l ephone  "hot line" f o r  answering ene rgy- re l a t ed  q u e s t i o n s  and has  pro- 

vided a c o s t - b e n e f i t  e v a l u a t i o n  system, t a i l o r e d  t o  s p e c i f i c  p roduc t s  

and t e c h n o l o g i e s ,  t o  assist e n g i n e e r s  a t  f a c i l i t i e s  in making economical 

d e c i s i o n s  about  energy c o n s e r v a t i o n  inves tmen t s .  

The p r e s e n t  s tudy  examined t h e  e f f e c t i v e n e s s  of NCEL's c o n t r i b u -  

t i o n s  t o  t h e  Navy's energy program. P r i n t e d  materials were examined, 

f i v e  shore f a c i l i t i e s  and e n g i n e e r i n g  suppor t  commands were v i s i t e d  €or  

t h e  purpose of i n t e r v i e w i n g  pe r sonne l  involved  i n  energy c o n s e r v a t i o n ,  

and i n d i v i d u a l 6  involved  i n  energy  management a t  a number of d i f f e r e n t  

sho re  f a c i l i t i e s  w e r e  i n t e rv i ewed  v i a  w r i t t e n  q u e s t i o n n a t r e s  a t  a C i v i l  

Engineer ing  O f f i c e r s  School  cour se  on energy c o n s e r v a t i o n .  A m a j o r i t y  

of t h e  d a t a  c o l l e c t e d  p e r t a i n e d  t o  Naval sho re  f a c i l i t i e s  Fn t h e  
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Sou theas t ,  r e s u l t i n g  i n  p o s s i b l e  r e g i o n a l  b i a s e s  and r e s t r l c t i a n s  on 

g e n e r a l i z i n g  t o  fac- l l i t ies  i n  o t h e r  p o r t i o n s  of t h e  Uni ted  S t a t e s .  

Full assessment  of NCEL's a c t i v i t i e s  r e q u i r e d  c o n s i d e r a t i o n  of the  

i n s t i t u t i o n a l  c o n t e x t  w i t h i n  which NCEL's  a c t i v i t i e s  t ake  p l a c e .  Thus, 

t h i s  r e p o r t  cove r s  a broad a r r a y  of t o p i c s  r e l a t e d  t o  the  Navy's energy 

program, not  a l l  of which can be a l t e r e d  by NCEL. 

F indings  
__1_1_ 

The term "energy conse rva t ion"  draws mixed r e a c t i o n s  among engi -  

nee r ing  personnel .  It is widely be l i eved  t h a t  u n i t  miss ions  can be 

accomplished while improving t h e  ef f i c i e i i cy  of energy use , bu t  t h e r e  i s  

s imul taneous  concern t h a t  energy conse rva t ion  and p a r t i c u l a r l y  a t t a i n -  

ment of the  Navy goals  may c o n f l i c t  w i t h  miss ion  achievement.  O f f i c e r s  

tend t o  o p t  f o r  miss ion  achievement.  There was a l s o  concern f o r  t h e  

consequences of inadequa te ly  s t u d i e d  energy conse rva t ion  measures,  such 

as direct consumption c u r t a i l m e n t s .  

The most s i g n i f i c a n t  s i n g l e  b a r r i e r  to  adop t ion  of new energy- 

conserv ing  technology is  a shor t age  of personnel  t o  i n s t a l l ,  o p e r a t e ,  

and ma in ta in  new equipment--or even ma in ta in  o r  r e p a i r  o ld  equipment. 

This  s i t u a t i o n  e n f o r c e s  energy use p a t t e r n s  t h a t  may appear  excess ive  

but  t h a t  may he a p p r o p r l a t e  cho ices  when guided by c o n d i t i o n s  of l o c a l  

manpower scarc i t ies  combined with the  a b i l i t y  t o  always draw on addi -  

t i o n a l  funds t o  cover  f u e l  b i l l s .  

I n a b i l i t y  t o  i d e n t i f y  energy u s e r s  and t o  v e r i f y  energy sav ings  

i n h i b i t s  e f f e c t i v e  mod i f i ca t ions  of behav io ra l  p a t t e r n s  and the  i n t r o -  

d u c t i o n  of new equipment.  Money f o r  i n s t a l l i n g  meters i s  s e v e r e l y  

l i m i t e d ,  and personnel  t o  read meters is inadequate .  

All o f f i c e r s  w i t h i n  PWDs d e a l  d i r e c t l y  wi th  energy conse rva t ion  

a c t i v i t i e s ,  bu t  t h e i r  c o o r d i n a t i o n  wCth t h e  Energy O f f i c e r  is highly 

v a r i a b l e  and f r e q u e n t l y  l i m i t e d .  Coordina t ion  among eng inee r s  and 

supp ly  o f f i c e r s  i n  a r r a n g i n g  for purchase of energy e f f i c i e n t  equipment 

a l s o  appears  to be minimal,  with t he  r e s u l t  t h a t ,  as o f t e n  as n o t ,  t he  

equipment purchased is  not  t h e  equipment r e q u i r e d  by t h e  eng inee r .  
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Energy c o n s e r v a t i o n  inves tmen t s  u s ing  non loca l  funds appear  t o  be 

more c l o s e l y  s c r u t i n i z e d  economica l ly  than  most o t h e r  e x p e n d i t u r e s .  

The paperwork and t i m e  involved  i n  making purchases  are s i z e a b l e  and 

burdensome. NCEL's c o s t - b e n e f i t  c a l c u l a t i o n ,  known as t h e  sav ings- to-  

inves tment  r a t i o  ( S I R ) ,  has been of some h e l p ,  and t h e  Act iv€ty-Level  

Energy Systems Planning  manual (A-LESP) should be a n  improvement. These 

t o o l s ,  however, a f f e c t  on ly  the  very  beginning  of a long ,  b u r e a u c r a t i c  

purchas ing  r e q u e s t  p rocedure .  

The Navy's energy in fo rma t ion  system i s  only  vaguely  f a m i l i a r  t o  a 

l a r g e  p r o p o r t i o n  of i t s  e n g i n e e r s  involved  i n  energy c o n s e r v a t i o n .  

Techdata  S h e e t s ,  a p u b l i c a t i o n  of NCEL,  is t h e  most well-known and 

h i g h l y  regarded  g u i d e ,  bu t  many u s e r s  recommend a l t e r a t i o n s .  Personnel  

involved  i n  energy  c o n s e r v a t i o n  are a l s o  v a r i a b l y  aware of the  engineer -  

i n g  suppor t  a v a i l a b l e  t o  them through t h e  Naval F a c i l i t i e s  Engineer ing  

Command's Eng inee r ing  f i e l d  d i v l s i o n s .  

There has  been an over inves tment  i n  "glamour" technologies - -  

p a r t i c u l a r l y  energy mon i to r ing  and c o n t r o l  systems and s o l a r  dev ices .  

The former have m u l t i y e a r  l a g s  between r e q u i s i t i o n  and i n s t a l l a t i o n  and 

between i n s t a l l a t i o n  and s u c c e s s f u l  o p e r a t i o n .  Many of the l a t t e r  seem 

t o  be marg ina l ly  c o s t - e f f e c t i v e  a t  b e s t .  

The Navy's energy  g o a l  s t r u c t u r e  measures energy  s a v i n g s  i n  B tu ' s  

p e r  squa re  f o o t  of f l o o r  space  us ing  1975 as a base  year  f o r  comparison. 

It i s  inadequa te  as a performance measure o r  as t h e  basis of a n  incen-  

t i v e  system. A c t i v i t i e s  w i t h i n  b u i l d i n g s  are h i g h l y  v a r i a b l e  and change 

ove r  time, making i t  d i f f i c u l t  t o  i d e n t i f y  a c t u a l  improvements i n  energy 

e f f i c i e n c y  through aggrega te  measures. F u r t h e r ,  t h e  B tu ' s  gene ra t ed  by 

d i f f e r e n t  f u e l s  have d i f f e r e n t  costs ,  l e a d i n g  t o  f u e l  swi t ch ing  which 

may be c o s t - e f f e c t i v e  and f u e l  conse rv ing ,  bu t  i r r e l e v a n t  t o  a c h i e v i n g  

t h e  Navy's energy g o a l s .  

Recommendat i o n s  

Our a n a l y s i s  of f a c t o r s  a f f e c t i n g  t h e  implementat ton of energy- 

sav ing  t e c h n o l o g i e s  a t  Naval sho re  f a c i l i t i e s  has  r e s u l t e d  i n  s e v e r a l  
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key recommendations, Add i t iona l  sugges t ions  and background t o  the  

fo l lowing  recommendations can be found i n  sects. 4 and 5 .  

o The Department of t h e  N a v y  must a r t i c u l a t e  i t s  p r i o r i t i e s  regard-  
i n g  inc reased  energy e f f i c i e n c y  more c l e a r l y  and f o r c e f u l l y  i f  an  
energy program is t o  be e f f e c t i v e ;  i t s  energy g o a l s  should be 
modif ied to  mare a c c u r a t e l y  r e f l e c t  Navy p r i o r i t i e s .  

o Given t h e i r  r e l a t i v e  prominence as a source of ene rgy- re l a t ed  
informatLon, coupled w i t h  the  e x i s t e n c e  of impor tan t  i n fo rma t ion  
gaps oil b a s e s ,  Techdata Sheets  should he updated more o f t e n ,  cover  
more t o p i c s  c o n t a i n  more o p e r a t i o n  and maintenance in fo rma t ion ,  
and i n c l u d e  more s p e c i f i c  i n fo rma t ion  on products  and 
manufac turers .  

o Improved me te r ing ,  meter r ead ing ,  and energy consumption ana lyses  
are requ i r ed  f o r  i n d i v i d u a l s  and commands t o  a l ter  t h e i r  energy 
consumption behavior  i n t e l l i g e n t l y .  

o Any e f f o r t s  to  reduce energy consumption must be l i n k e d  t o  changes 
i n  o p e r a t i o n  and maintenance procedures  and a v a i l a b i l i t y ;  lack oE 
o p e r a t i o n  and maintenance r e sources  is a major b a r r i e r  t o  t h e  
achievement of energy sav ings  a t  sho re  f a c i l i t i . e s  . 

o A t  t h e  sho re  f a c i l i t y  l e v e l ,  the  v a r i o u s  PWD Div i s ions  and o t h e r  
depar tments  should  be b e t t e r  i n t e g r a t e d  i n t o  sho re  f a c i l i t y  energy 
p lanning .  I n  p a r t i c u l a r :  

- P r i o r I t i e s  f o r  energy-re la ted  maintenance c o n t r o l  p r o j e c t s  
should be coord ina ted  de te rmina t ions  between maintenance c o n t r o l  
and energy o f f i c e r s  ( E O s ) ,  

- The energy c o n s e r v a t i o n  a c t i v i t i e s  of f ami ly  housing shou1.d be 
i n t e g r a t e d  wi th  a c t i v i t i e s  of EOs,  and 

- Percep t lons  of c o n f l i c t s  between Supply personnel  and EOs 
should be r econc i l ed  by c l o s e r  c o o r d i n a t i o n .  

o Shared sav ings  c o n t r a c t i n g  appears  t o  be one means by which many 
c u r r e n t  b a r r i e r s  t o  t h e  adopt ion  of energy-conserving t echno log ie s  
can  be overcome; guidance  should be provided t o  sho re  f a c i l i t i e s  
concern ing  i t s  use .  
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ABSTRACT 

The purpose of t h i s  r e p o r t  i s  t o  assist the Naval C i v i l  Enghneering 
Labora tory  by i d e n t i f y i n g  impor tan t  f a c t o r s  t h a t  i n f l u e n c e  t h e  adop t ion  
and con t inued  use  of energy conse rv ing  t echno log ie s  a t  Naval s h o r e  
f a c i l i t t e s .  R e s u l t s  of s i t e  v i s i t s  and a survey  of d e c i s i o n  makers a t  
Naval s h o r e  Eacil i t ies i n  t h e  S o u t h e a s t e r n  United S t a t e s  sugges t  t h a t  a 
s i g n i f i c a n t  barrier t o  a d o p t i o n  of new energy-conserving technology is 
t h e  s h o r t a g e  of pe r sonne l  t o  I n s t a l l ,  operate,  and ma in ta in  new 
equipment .  Th i s  s i t u a t i o n  e n f o r c e s  energy use p a t t e r n s  which may appear  
e x c e s s i v e ,  bu t  which may be a p p r o p r i a t e  cho ices  when guided by 
c o n d i t i o n s  of l o c a l  manpower s c a r c i t i e s  combined w i t h  t h e  a b i l i t y  t o  
draw on a d d i t i o n a l  funds t o  cover  unpaid f u e l  b i l l s .  A c o n t r i b u t i n g  
problem is t h a t  on ly  a s m a l l  p r o p o r t i o n  of energy consumption a c t i v i t i e s  
are metered and many e x i s t i n g  meters  go unread.  The i n a b i l i t y  t o  
i d e n t i f y  e x c e s s i v e  energy u s e r s  and to  v e r i f y  energy  sav ings  i n h i b i t s  
e f f e c t i v e  m o d i f i c a t i o n s  of b e h a v i o r a l  pa t te rns  and t h e  i n t r o d u c t i o n  of 
new equipment. 

x i i i  
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1.1 OBJECTIVES AND OVERVIEW OF THE STUDY 

The purpose of t h i s  r e p o r t  i s  t o  assist t h e  Naval C i v i l  Engineer ing  

Labora tory  (NCEL) in i d e n t i f y i n g  impor tan t  f a c t o r s  t h a t  j n f l u e n c e  t h e  

a d o p t i o n  of energy-conserving t e c h n o l o g i e s  a t  Naval shore  f a c l l i t i e s .  

P a r t i c u l a r  a t t e n t i o n  is g iven  t o  t h o s e  f a c t o r s  t h a t  NCEL can d i r e c t l y  o r  

i n d i r e c t l y  a f f e c t  arid t h o s e  f a c t o r s  which NCEL should  c o n s i d e r  i n  

de te rmining  i t s  f u t u r e  a c t i v i t i e s .  

NCEL i s  an  i n t e g r a l  p a r t  of t h e  Navy's technology d e l i v e r y  system. 

It i s  the  p r i n c i p a l  Navy r e s e a r c h ,  development, t e s t i n g ,  and e v a l u a t i o n  

c e n t e r  f o r  s h o r e  f a c i l i t i e s ,  f i x e d  s u r f a c e  and subsurEace ocean f a c i l i -  

t ies,  and t h e  Navy and Marine corps  c o n s t r u c t i o n  f o r c e s .  It dissemina-  

tes i t s  f i n d i n g s  through r e g u l a r  p u b l i c a t i o n s  aimed a t  t h e  Naval c i v i l  

e n g i n e e r  audience .  A d d i t i o n a l l y ,  i t  responds t o  s p e c i f i c  r e q u e s t s  f o r  

i n f o r m a t i o n  from u s e r s  i n  t h e  f i e l d .  NCEL's primary c o n t r i b u t i o n  t o  

t h e  Navy's energy c o n s e r v a t i o n  e f f o r t s  i s  through t h e  development and 

p r o v i s i o n  of t e c h n i c a l  Informat ion .  The v a l u e  of t h a t  i n f o r m a t i o n  

d i s s e m i n a t i o n  e f f o r t  is b e s t  a s s e s s e d  by examining how tihat i n f o r m a t i o n  

can be and is  used w i t h i n  what could be c a l l e d  t h e  i n s t i t u t i o n a l  

s t r u c t u r e  of t h e  Navy. 

The r e l e v a n t  p o r t i o n s  of t h e  Navy i n s t i t u t i o n a l  s t r u c t u r e  c o n t a i n  

s e v e r a l  i d e n t i f i a b l e  e lements .  F i r s t  Is t h e  c o m a n d l r e s p o n s i b i l i t y /  

a u t h o r i t y  s t r u c t u r e  which a f f e c t s  de f a c t o  p r i o r i t i e s : ,  accomplishes  

m i s s i o n s ,  and pays b i l l s .  Second is t h e  i n f o r m a t i o n  system, which 

i n v o l v e s  t h e  product ion  and d e l i v e r y  of t e c h n i c a l  i n f o r m a t i o n ,  commer- 

c i a l  i n f o r m a t i o n ,  and meter ing  of c u r r e n t  energy use .  Much of t h e  

problem sur rounding  e f f i c i e n c y  o r  i n e f f i c i e n c y  of energy use hinges  on 

i n f o r m a t i o n  i n  one o r  more forms. A t h i r d  element can be c o n c e p t u a l i z e d  

as a budgetary environment.  The f i n a l  e lement ,  p o s s i b l y  m o t i v a t i n g  t h e  

a c t i o n s  w i t h i n  t h e  o t h e r  t h r e e  s e c t o r s ,  is t h e  Navy's set of energy 

c o n s e r v a t i o n  g o a l s .  

The remainder  of t h i s  c h a p t e r  d e s c r i b e s  i n  d e t a i l  t h e s e  v a r l o u s  

p o r t i o n s  of t h e  Navy system, i n c l u d i n g  t h e  Navy's technology d e l i v e r y  
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systcm, Department of Defense (DOE> energy  g o a l s ,  fund€ng a s s i s t a n c e  f o r  

energy conse rva t ion ,  informat  .I on and t e c h n i c a l  a s s i s t a n c e ,  and o t h e r  

suppor t  f o r  energy conse rva t ion .  S e c t i o n  2 c l a r i f i e s  t he  term "conser-  

v a t i o n "  and d i s c u s s e s  t h e  Navy's energy c o n s e r v a t i o n  e f f o r t s  w i t h i n  a n  

economic framework based on supply ,  demand, and p r i c i n g  c o n s i d e r a t i o n s .  

S e c t i o n  3 summarizes t h e  scudy ' s  r e s e a r c h  des ign ,  i n c l u d i n g  i t s  two 

major da ta  c o l l e c t i o n  e f f o r t s  and our  methods of a n a l y s i s .  S e c t i o n  4 

d i s c u s s e s  energy conse rva t ion  wi th  t h e  technology c u r r e n t l y  e x i s t i n g  a t  

a sho re  f a c i l i t y .  Top ics  i nc lude  meter ing ,  o p e r a t i o n  and maintenance 

budget l i m i t a t i o n s ,  i n d i v i d u a l  behavior ,  p e r c e p t i o n  o f  energy conserva-  

t i o n ,  and i n t e g r a t i n g  more o f f i c e r s  i n t o  energy p lanning .  Sec t ion  5 

d i s c u s s e s  inves tment  i n  new energy-conserving t echno log ie s ,  i n c l u d i n g  

savings- to- investment  r a t i o s  and r e l a t e d  f a c t o r s ,  i n fo rma t ion  gaps and 

u n c e r t a € n t i e s  s i i r rounding Lnvestrnents, f u n d t n g  r e s t r i c t i o n s  and adminis-  

t r a t i v e  procedures ,  s e c u r i n g  t h e  coope ra t ion  of suppor t  pe r sonne l ,  

inadequate  complementary i n p u t s  and t h e  g o a l  s t r u c t u r e .  S e c t i o n  6 

p r e s e n t s  a set of recommendations based on t h e  f i n d i n g s  o f  t he  s tudy .  

1 . 2  THE NAVY'S TECHNOLOGY DELLVEKY SYSTEX 

T h e  Navy engages i n  a v a r i e t y  of technology d e l i v e r y  a c t i v i t i e s :  

i t  g e n e r a t e s  n e w  technology i n t e r r i a l l y  i n  i t s  l a b o r a t o r i e s  and through 

i n d u s t r i a l  c o n t r a c t o r s  and i t  d i s semina te s  informat  i o n  about technologi  - 
cal. developments i n t e r n a l l y  and t o  i n d u s t r y  i n  o rde r  to s t i m u l a t e  t h e  

use  of a p p r o p r i a t e  t echno log ie s  (Hough, 1983). The p o r t i o n  of the  

technology d e l i v e r y  system of p a r t i c u l a r  i n t e r e s t  h e r e  is t h e  implemen- 

t a t i o n  o f  new energy-conserving t echno log ie s  a t  Naval sho re  f a c i l i t i e s .  

A diagram of the relevant :  system is  shown i n  F i g .  1, and a l i s t  of 

acronyms appears  a t  t h e  end of t h i s  r e p o r t .  

The Naval F a c l l i t l e s  Engineer ing  Command (NAVFAC) execu te s  a 

program oE r e s e a r c h ,  development,  t e s t i n g ,  and e v a l u a t i o n  (RDT&E) f o r  

shore  f a c i l i t i e s  and o t h e r  o p e r a t i o n s .  NCEL works d i r e c t l y  under NAVFAC 

i n  matters of RDT&E. It  i s  t h e  p r i n c i p a l  RDTCE c e n t e r  f o r  sho re  and 

oEfshore fac- i l i t ies  and €o r  suppor t  o f  Navy and Marine Corps con- 

s t r u c t i o n  f o r c e s .  A s i g n i f i c a n t  p o r t i o n  of N C E L ' s  RDTGrE i n  s u p p o r t  
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RDT&E ASSISTANCE 

I 

L E OICC/ROICCs (83) 

WESTERN 

ATLANTIC 

CHESAPEAKE 

PACIFIC 

NORTHERN 

SOUTHEAN 

EFDs 

F i g  . 1 . The Naval Faci 1 i ti es Enqi  neeri  ng Command (NAVFAC) RDT&E 
a s s i s t ance  and liaison programs. Source: Early,  1975. 
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of t he  Naval sho re  facilities is  i n  the  areas of sho re  and harbor  

f a c i l i t i e s ,  envi ronmenta l  p o l l u t i o n  abatement ,  and energy c o n s e r v a t i o n  

( E a r l y ,  1975) .  

TRc F a c i l i t i e s  Engineer ing  Support  O f f i c e  (FESO) i s  a one-man 

o f f i c e ,  which coord ina te s  s e r v i c e s  and communications r e l a t e d  t o  RDT&E 

a s s i s t a n c e  t o  Naval. s h o r e  f a c i l i t t e s =  It is  i n  a l i a i s o n  p o s i t i o n  

between NAVFAC (NCEL) and t h e  f i e l d  a c t i v i t i e s ,  s e r v i n g  t o  i n f l u e n c e  t h e  

r e s e a r c h  program through the  i d e n t i f i c a t i o n  of u s e r  needs and ensu r ing  

the  a p p l i c a t i o n  of r e s e a r c h  r e s u l t s  i n  t h e  f i e l d .  

There are s i x  Engineer ing  F i e l d  D i v i s i o n s  (EFDs) which provide  

f u r t h e r  l i a i s o n  between NAVFAC (NCEL) and the  f i e l d .  They t r a n s m i t  

e x p r e s s i o n s  of need f o r  r e sea rch  and development (R&D)  i n  s p e c i f i c  areas 

t o  NAVFAC and pass the  r e s u l t s  of R&D t o  people  i n  t h e  f i e l d .  

The end-users of t h i s  technology transEcr a s s i s t a n c e  are n ine  

P u b l i c  Works Cen te r s  (PWCs), approximate ly  180 P u b l i c  Works Departments 

(PWDs), and 80-odd NAVFAC c o n s t r u c t i o n  s i t e s .  The l a t t e r  are manned by 

a n  O f f i c e r  i n  Charge of Cons t ruc t ion  ( O I C C )  o r  a Res iden t  O f f i c e r  i n  

Charge of Cons t ruc t  ion ( R O I C C ) .  

1 . 3  THE NAVY'S ENERGY PROGRAM 

A s  w i th  most government and commercial o r g a n i z a t i o n s  wi th  exten-  

s i v e  p h y s i c a l  p l a n t s ,  t h e  Navy's i n t e r e s t  i n  energy p lanning  can be 

t r a c e d  t o  the  1973-1974 t i m e  frame, which w a s  c h a r a c t e r i z e d  by seve re  

petrolcum shor t ages  and r a p i d l y  e s c a l a t i n g  energy p r i c e s .  From t h e  Navy 

and DOD p e r s p e c t i v e s ,  two concerns were paramount. F i r s t ,  t he  h igh  c o s t  

of petroleum w a s  f o r c i n g  t h e  Navy t o  d i v e r t  funds from miss ion - re l a t ed  

t a s k s  t o  r o u t i n e  energy payments. Second, p r i c e s  were be ing  c o n t r o l l e d  

by f o r e i g n  sources  under t h r e a t  of imposed s h o r t a g e s ;  n a t i o n a l  s e c u r i t y  

mandated t h a t  the Navy have cont inuous  , u n i n t e r r u p t i b l e  f u e l  s u p p l i e s  

f o r  t h ~  f l e e t .  

In t h i s  environment ,  i t  w a s  e s s e n t i a l  for  t h e  Navy shore  e s t ab -  

l i shment  t o  reduce i t s  consumption o f  energy.  This  e f f o r t  became a 

h i g h - p r i o r i  t y  program w i t h i n  NAVFAC. 



5 

I n  1980, DOD e s t a b l i s h e d  q u a n t i t a t i v e  g o a l s  f o r  r educ ing  the energy 

consumed by Naval s h o r e  f a c i l i t i e s .  A r e d u c t i o n  i n  petroleum-based f u e l  

consumption and a s h i f t  toward t h e  use of s o l i d  f u e l s  and renewable 

energy s o u r c e s  were also mandated. These g o a l s  are shown i n  Table  1. 

The energy and petroleum r e d u c t i o n  g o a l s  are based on baseline f i g u r e s  

f o r  FY 1975. The energy  g o a l s  are f u r t h e r  s p e c i f i e d  i n  terms of energy  

consumed p e r  g r o s s  squa re  f o o t  of b u i l d i n g  area. 

A c t i v i t y  p rogres s  i n  a c h i e v i n g  t h e  energy r e d u c t i o n  g o a l s  i s  

t r a c k e d  on a q u a r t e r l y  basis by t h e  Naval Energy and Environmental  

Support  A c t i v i t y  (NEESA) .  EJEESA compiles  d a t a  r e l a t e d  t o  t h e  t y p e s  of 

f u e l s  used and a s s o c i a t e d  c o s t s ,  which s e r v e  as i n p u t  i n t o  a DOD 

moni tor ing  system known as t h e  Defense Energy In fo rma t ion  System I1 

(DEIS 1 1 ) .  Both DEIS 11 and NEESA's Energy Audit Report  are used by 

top - l eve l  management t o  assess i n s t a l l a t i o n  p rogres s  i n  reducing  energy  

usage.  

T h i s  r e p o r t  d e a l s  on ly  w i t h  the  Navy's Energy Program as i t  per-  

t a i n s  t o  s h o r e  f a c i l i t i e s .  These f a c i l i t i e s  account  f o r  one - th i rd  of 

t h e  Navy's t o t a l  energy  consumption, a t  a c o s t  of $887 m i l l i o n  i n  1983. 

The f a c t  t h a t  sho re  f a c i l i t i e s  have reduced t h e i r  energy consumption p e r  

s q u a r e  f o o t  by only  11% between 1975 and 1983 s u g g e s t s  t h a t  t h e  DOD 1985 

g o a l  of 20% w i l l  be d i f f l c u l t  t o  a c h i e v e  and t h a t  t h e  Navy's energy  

program needs improvement (Navy Energy O f f i c e ,  1984).  

1.3.1 Funding A s s i s t a n c e  

A v a r i e t y  of funding  a s s i s t a n c e  programs f o r  energy  c o n s e r v a t i o n  

p r o j e c t s  are a v a i l a b l e  t o  Naval sho re  f a c i l i t i e s .  The funding sources  

and procedures  depend i n  l a r g e  part on t h e  c o s t  of t h e  p r o j e c t .  

R e p a i r  p r o j e c t s  of less t h a n  $75,000 and minor c o n s t r u c t i o n  and 

a l t e r a t i o n  p r o j e c t s  t h a t  do not exceed $25,000 can  be funded from 

a v a i l a b l e  f a c i l i t y  o p e r a t i o n s  and maintenance budgets .  The A c t i v i t y  

Commanding O f f i c e r  has  funding  a u t h o r i t y  over  t h e s e  p r o j e c t s .  

A key source  of e x t e r n a l  funds is  t h e  Energy Technology 

A p p l i c a t i o n s  Program (ETAP).  It provides  funding  f o r  a l t e r a t i o n s ,  

upgrading ,  and repair  of f a c i l i t y  energy systems t o  improve energy  

e f f i c i e n c y  which c o s t  less t h a t  $200,000. E l i g i b l e  p r o j e c t s  i nc lude  t h e  
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Table 1. DO0 energy goals  f o r  Naval shore f a c i l i t i e s  

Goal FY 1985 FY 1990 FY 1995 FY 2000 

Percent reductiona in energy 20 25 30 35 
consumed per gross square 
f o o t  

Percent energy obtained from 18 15 20 35 
coal and renewable sources 

Percent energy obtained from 1 5 10 20 
renewable sources 

Percent reduction in 30 35 40 45 
petroleum-based fuels 
consumption 

Relative t o  FY 1975.  Source: Department of the Navy. 1984. 
__I.-. Navy A c t i  v i  ty-Level ~ EnergKSystems P1 anninq Procedure. 

a 
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i n s t a l l a t i o n  of Energy Moni tor ing  and C o n t r o l s  Systems (EMCS), more 

e f f i c i e n t  l i g h t i n g  sys t ems ,  s o l a r  thermal  s y s t e m s ,  and o t h e r  such 

t e c h n o l o g i e s .  ETAP p r o  ejects are reviewed and funded by major  c l a iman t s  

and v a l i d a t e d  by EFDs. 

The Energy Conserva t ion  Inves tment  Program (ECIP) p r o v i d e s  funding 

f o r  ETAP-type p r o j e c t s  t h a t  exceed $200,000. NAVFAC p r i o r i t i z e s  and 

manages ECIP, and EFDs v a l i d a t e  ECIP  p r o j e c t  submissions.  Funding f o r  

most E C I P  p r o j e c t s  is provided through t h e  Navy or Naval Reserve ' s  

m i l i t a r y  c o n s t r u c t i o n  a p p r o p r i a t i o n s ,  o r  v i a  t h e  Navy's f ami ly  housing 

a p p r o p r i a t i o n s .  

Other  funding  arrangements  e x i s t  t h a t  are not s p e c i f i c a l l y  

earmarked f o r  energy p r o j e c t s .  These Inc lude  major c l a iman t  l e v e l  

p r o j e c t s  f o r  minor c o n s t r u c t i o n  p r o j e c t s  up to  $200,000 and u n s p e c i f i e d  

minor c o n s t r u c t i o n  p r o j e c t s  f o r  p r o j e c t s  c o s t i n g  l e s s  t han  $500,000. 

There are a l s o  new f i n a n c i a l  i n i t i a t i v e s  a v a i l a b l e  t o  sho re  f a c i l i t i e s ,  

such as ven tu re  c a p i t a l  procurement and sha red  s a v i n g s  c o n t r a c t i n g .  

With sha red  s a v i n g s  c o n t r a c t i n g ,  t h e  Navy e n t e r s  i n t o  an agreement wi th  

a p r i v a t e  energy  management company, which o b t a i n s  f i n a n c i n g  f o r  and 

carries out  t h e  development, i n s t a l l a t i o n ,  and maintenance of energy 

e f f i c i e n c y  improvements a t  a f a c i l i t y .  In r e t u r n ,  t h e  company r e c e i v e s  

a pe rcen tage  of t he  energy c o s t  s a v i n g s  r e a l i z e d  as a r e s u l t  of t h e i r  

act  i o n s .  

1.3.2 In fo rma t ion  and Techn ica l  A s s i s t a n c e  

Support  through t h e  p r o v i s i o n  of ene rgy- re l a t ed  in fo rma t ion  i s  a l s o  

v a r i o u s l y  provided by t h e  p l a y e r s  s'tiown i n  F i g .  I.. NAVFAC, through i t s  

Energy Engineer ing  Program, funds  F a c i l i t y  Energy P lans  (FEPs)  f o r  

sho re  f a c i l i t i e s ,  which are w r i t t e n  p r i m a r i l y  by p r i v a t e  a r c h i t e c t u r a l  

and e n g i n e e r i n g  c o n s u l t i n g  f i r m s .  These p l a n s ,  developed on a 6-year 

c y c l e ,  i d e n t i f y  and assess energy  c o n s e r v a t i o n  o p p o r t u n i t i e s ,  i n c l u d i n g  

r e t r o f i t s  f o r  e x i s t i n g  f a c i l i t i e s ,  rep lacement  of e x i s t i n g  f a c i l i t i e s ,  

o p e r a t i o n  and maintenance a c t i o n s ,  and management a c t i o n s .  They a l s o  

assess t h e  i n s t a l l a t i o n ' s  p rog res s  i n  meet ing e s t a b l i s h e d  energy g o a l s .  

A d d i t i o n a l  Navy f a c i l i t y  ene rgy- re l a t ed  documents e x i s t .  These 

i nc l ude  
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4 -  

5 .  

6 .  
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P manuals (p rov ide  d a t a ,  p rocedures ,  and guidance on Navy 
f a c i l i t y  energy u s e )  ; 
t e c h n i c a l  d a t a  s h e e t s  (p rov ide  b r i e f  economic and t e c h n i c a l  
guidance on new t echno logy) ;  
was Le watchers  gu ide  (p rov ides  p r e v i o u s l y  i s sued  t e c h n i c a l  
d a t a  s h e e t s ) ;  
handbooks (p rov ide  des ign  f a fo rma t ion  f o r  a l t e r n a t i v e  materials 
and procedures ,  by NCEL); 
t e c h n i c a l  memoranda, n o t e s ,  and r e p o r t s  (document RDT&E e f f o r t s  
by NCEL); 
i n s t r u c t i o n  documents (p rov ide  h igh- leve l  contPnuing guidance 
o f  Navy f a c i l i t i e s  energy programs);  
des ign  manuals ( e s t a b l i s h  c r i t e r i a  €o r  des€gn of Naval 
F a c i l i t i e s ,  i s sued  by NCEL); 
NAVPAC gu ide  s p e c i f  i c a t i o n s  ( e s t a b l i s h  minimum requi rements  €o r  
c o n s t r u c t i o n  materials,  workmanship, and c o n t r a c t  maintenance,  
i s s u e d  by NAVFAG) ; 
type  s p e c i f i c a t i o n s  ( e a r l i e r  v e r s i o n s  of i t e m s  1 through 8); 
and 
o p e r a t i o n  and maintenance manuals ( e s t a b l i s h  minimum 
requi rements  f o r  o p e r a t i o n  and maintenance of systems and 
f a c i l i t i e s  by Navy personnel ) .  

Of p a r t i c u l a r  s i g n i f i c a n c e  t o  t h i s  s tudy  is  a document r e c e n t l y  

developed by NCEL and r e l e a s e d  by NAVFAC i n  1984. The Act iv i ty-Level  

Energy Systems Planning  (A-LESP) manual provides  a procedure f o r  iden-  

t i f y i n g  and p r i o r i t i z i n g  f a c i l i t y  energy conse rva t ion  o p p o r t u n i t i e s .  

The procedure invo lves  t h r e e  s t e p s :  (1) i d e n t i f y  f e a s i b l e  energy 

o p t i o n s ,  ( 2 )  e s t a b l i s h  t h e  economic v i a b i l i t y  of f e a s i b l e  o p t i o n s ,  and 

( 3 )  e s t a b l i s h  energy g o a l  c a t e g o r i e s  ( such  as those  shown i n  Table  1) 

and funding sources  f o r  economical ly  v i a b l e  energy o p t i o n s .  Cr i t ica l  t o  

t h e  second s t e p ,  and to the  procedure as a whole, is the  c a l c u l a t i o n  of 

a measure of cos t - e f f ec t iveness - - the  savings- to- investment  r a t i o  (SIR). 

The S I R  o p e r a t e s  as a bene f i t - cos t  c a l c u l a t i o n  and c a p t u r e s  a 

number of r e l e v a n t  c h a r a c t e r i s t i c s  of a p o t e n t i a l  energy c o n s e r v a t i o n  

inves tment .  I t s  fo rmula t ion  i s  S I R  = (SE -I- SOM)/C, where SE i s  

the present discounted  va lue  of a n t i c i p a t e d  energy sav ings  from an 

energy conse rva t ion  investment  , SOM i s  t h e  p r e s e n t  d i scounted  va lue  

of o p e r a t i n g  and maintenance c o s t s  a s s o c i a t e d  w l t h  t h e  inves tment ,  and C 

i s  the  i n i t i a l  inves tment  c o s t  p lus  the  p r e s e n t  va lue  of any replacement  

investment  d i s t i n c t  from maintenance c o s t s  a n t i c i p a t e d  over t h e  l i f e t i m e  

of t h e  inves tment .  
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NCEE p r o v i d e s  e n g i n e e r i n g  in fo rma t ion  r e l e v a n t  t o  t h e  s i te  s p e c i f i c  

c a l c u l a t i o n  of SE and SOM € o r  p a r t i c u l a r  i nves tmen t s ,  as w e l l  as 

d i s c o u n t  rates and a n t i c i p a t e d  rates of i n c r e a s e  i n  f u e l  prices. A base  

e n g i n e e r i n g  o f f i c e r  can then  c a l c u l a t e  an  S I R  f o r  each investment  with 

c o s t  and b e n e f i t  data s p e c i f i c  t o  t h e  base. 

1.3.3 Other  Suppor t  f o r  Energy Conserva t ion  

Q u a r t e r l y  r e p o r t s  on t h e  Golden 25 and t h e  D i r t y  25 i d e n t i f y  those  

f a c i l i t i e s  t h a t  have made t h e  l a r g e s t  and smallest c o n t r i b u t i o n s  toward 

Navy-wide energy g o a l s .  The I n c e n t i v e  e f f e c t s  of t h e s e  r e p o r t s  a r e  not 

c e r t a i n ,  bu t  a c t i v i t y  commanders no te  t h e i r  i n c l u s i o n ,  p a r t i c u l a r l y  on 

t h e  D i r t y  l ist .  The l i s ts  do appear  t o  have an e f f e c t  on awareness .  

S e v e r a l  awards e x i s t  t h a t  p rovide  i n c e n t i v e s  t o  energy c o n s e r v a t i o n  

a t  Naval  s h o r e  f a c i l i t i e s .  Annual S e c r e t a r y  of t h e  Navy awards a l low 

t h e  winning bases t o  f l y  an "energy c o n s e r v a t i o n  f l a g . "  A number of 

major c l a i m a n t s  provide  a monetary award for energy c o n s e r v a t i o n ,  which 

i s  a l l o c a t e d  t o  winning bases .  F i n a l l y ,  a Navy i n s t r u c t i o n  pe rmi t s  

i n d i v i d u a l s  t o  be nominated f o r  t h e  F e d e r a l  Energy E f f i c i e n c y  Awards. 
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2. THE NATURE OF CONSERVATION AND THE NAVY'S 
ENERGY CON §E RVAT I ON EFFORT S 

2.1 THE NAVY'S ENERGY CONSERVATTON PROBLEM 

Widespread concern was encountered i n  i n t e r v i e w s  t h a t  c o n s e r v a t i o n  

of energy could endanger i n d i v i d u a l  u n i t s  I accomplishments of t h e i r  

a s s i g n e d  miss ions  and t h a t ,  i n  t h e  l a r g e ,  " e x c e s s i v e "  a t t e n t i o n  t o  

energy concern by t h e  Navy  could j e o p a r d i z e  i t s  e n t i r e  miss ion .  There i s  

ev idence  t h a t  t h e  term "conserva t ion"  r a i s e s  concern € o r  miss ion  accom- 

p l i shment .  This  s e c t i o n  examines t h e  b a s i s  € o r  t h i s  observed concern and 

s u g g e s t s  r e c o n c i l i a t i o n s  of t h e  Navy's c o l l e c t i v e  d e s i r e  t o  spend less 

on energy and i t s  p e r s o n n e l ' s  i n d i v i d u a l  d e s i r e s  t o  accomplish t h e i r  

m i s s i o n s .  

The t e r m  energy c o n s e r v a t i o n  r e q u i r e s  c l a r i f i c a t i o n .  For the  

n a t i o n  as a whole, i t  has  come t o  mean " s a c r i f i c e " ,  " lowering of l i v i n g  

s t a n d a r d s " ,  and "decreased p r o d u c t i v i t y "  (Blumstein,  e t  a l . ,  1980). A 

more u s e f u l  d e f i n i t i o n  o f  c o n s e r v a t i o n  is d e r i v e d  from economic t h e o r y ,  

which i n t r o d u c e s  n o t i o n s  of e f f i c i e n c y  and o p t i m a l i t y .  E f f i c i e n t  use of 

materials i s  guided by c o n d i t i o n s  of supply ,  p r i c e ,  and s o c i a l  c o s t .  

One major impetus f o r  economical ly  r a t i o n a l  c o n s e r v a t i o n  a r i s e s  

when p r i c e s  do not  r e f l e c t  t r u e  s o c i a l  c o s t s .  The Navy has  an energy 

p r i c i n g  problem i n  a d d i t i o n  t o  t h e  market p r i c e  problem p o s s i b l y  f a c i n g  

t h e  n a t i o n .  The Navy has  d i f f i c u l t y  i n  p r e s e n t i n g  consumption a g e n t s  a t  

t h e i r  f a c i l i t i e s  w i t h  an  a r r a y  of p r i c e s  f o r  f u e l  and o t h e r  materials 

t h a t  t h e  Navy Department f a c e s  i n  t h e  Congress and t h e  marketplace.  The 

Navy f a c e s  a se t  of energy prices--and p r i c e s  of o t h e r  goods used i n  the  

accomplishment of i t s  mission-- that  i d e n t i f y  t h e  proper  f u e l  usage,  b u t  

t h e  p u b l i c  o r g a n i z a t i o n a l  s t r u c t u r e  of t h e  Navy and t h e  i m p e r a t i v e  

c h a r a c t e r  of some of its miss ions  make t h e  i n t r a o r g a n i z a t i o n a l  t r a n s f e r  

of materials a t  s p e c i f i c  market prices d i f f i c u l t .  Personnel  fn any 

p a r t i c u l a r  command can a u t h o r i z e  p a r t i c u l a r  q u a n t i t i e s  of m a t e r i a l  f o r  

p a r t i c u l a r  t i m e  p e r l o d s ,  and t h e s e  r e l a t i v e  q u a n t i t i e s ,  c o n s i d e r i n g  t h e  

d i f f i c u l t y  of t h i s  augmentat ion,  de te rmine  a set of r e l a t i v e  p r i c e s  f o r  

t h a t  command. The materials w i l l  be used g e n e r a l l y  i n  accordance w i t h  

t h o s e  "shadow" p r i c e s .  S ince  t h e  concept  of a shadow price is so 
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impor tan t  t o  t h e  Navy's energy c o n s e r v a t i o n  problem, we devote  S e c t .  

2.2 t o  d i s t i n g u i s h i n g  between shadow p r i c e s  and "market" o r  "cash" 

p r i c e s .  

2.2 THE CONCEPT OF SHADOW PRICE 

People  t y p i c a l l y  use p r i c e s  t o  dec ide  how much o€ var ious  i t e m s  

they  want t o  purchase.  However, p r i c e s  are u n r e l i a b l e  gu ides  t o  

r e source  a l l o c a t i o n  d e c i s i o n s  when they do not r e f l e c t  the  t r u e  a v a i l -  

a b i l i t y  of items. Many c i rcumstances  can cause  s t a t e d  prices t o  inac -  

c u r a t e l y  r e f l e c t  supply  c o n d i t i o n s .  I n  the  Navy eng inee r ing  system, a 

common source  of t h i s  problem i s  t h e  e x i s t e n c e  of r e s t r i c t i o n s  on 

maintenance l a b o r  employed, due t o  " c e i l i n g  p o i n t s " .  The pe rvas iveness  

of t h e  problem makes t h e  d i s t i n c t i o n  between shadow and s t a t e d  p r i c e s  

impor tan t  f o r  unders tanding  and p r e d i c t i n g  how r e s o u r c e s  w i l l  be 

a l l o c a t e d .  

A shadow p r i c e  i s  the  real  c o s t  f a c i n g  a consumer € o r  an  i t e m ;  i t  

need not equa l  t h e  a c t u a l  "cash" price pa id .  Suppose t h a t  l abo r  c o s t s  a 

s h o r e  f a c i l i t y  $4.00 per  hour and energy c o s t s  $1.00 p e r  hundred 

thousand Btu. The command has  a g iven  budget of twenty m i l l i o n  d o l l a r s  

which i t  spends f u l l y  on l abor  and energy.  I f  i t  spen t  i t  a l l  on l a b o r ,  

it could h i r e  5 m i l l i o n  hour s  ( rough ly  2500 € u l l - t i m e  employees f o r  a 

y e a r ) ,  o r  could buy approximate ly  28 m l l l i o n  g a l l o n s  of j e t  f u e l  if it 

spen t  a l l  of i t s  budget on f u e l .  The "cash" p r i c e  ( o r  c o s t )  of a worker 

i n  terms of j e t  f u e l  is 28 m i l l i o n  g a l l o n s  d iv ided  by 2500 workers ,  o r  

11,200 g a l l o n s  p e r  worker. 

Now suppose t h a t  t h e  sho re  f a c i l i t y  can h i r e  on ly  20 f u l l - t i m e  

workers ,  and i f  i t  overspends on j e t  f u e l  i t  can d i p  i n t o  a " s p e c i a l  

fund" t o  "buy" some more. S u b s t i t u t e  20 f o r  2500 i n  t h e  denominator of 

t h e  je t  f u e l  cost of a worker and note  t h a t  t he  "shadow price"  of a 

worker goes up t o  1 . 4  m i l l i o n  ga l lons  of j e t  f u e l .  Now,  i f  t h e  f a c i l i t y  

d i p s  i n t o  the  r e s e r v e  f u e l  k i t t y  and the  numerator rises above 28  

m i l l i o n  g a l l o n s ,  t h e  shadow p r i c e  of a worker r i s e s  accord ing ly .  Note 

a l s o  t h a t  t h e  shadow p r i c e  of f u e l  is  j u s t  t he  i n v e r s e  r a t io - - fue l  i n  

terms of the  workers t h a t  have t o  be s a c r i f i c e d  f o r  i t .  Of cour se ,  i f  
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a l l  twenty workers  can be kep t  when t h e  f a c i l i t y  uses  the  reserve f u e l  

k i t t y ,  t h e  e f f e c t i v e  shadow p r i c e  of t h e  e x t r a  u n i t s  of f u e l  is ze ro .  

2 . 3  ENERGY CONSERVATION THROUGH CURTAIINEWT OR EFFICIENCY IMPROVEMENTS 

A p a r t i c u l a r  problem rega rd ing  energy  use in t he  Navy i s  t h a t  funds 

f o r  f u e l  s u p p l i e s  augmentat ion are g e n e r a l l y  q u i t e  easy  to o b t a i n ,  l eav -  

i n g  t h e  shadow p r i c e  of energy  t o  r e s p o n s i b l e  personnel  a r t i f i c i a l l y  

low. Expanding energy use  and conserv ing  on o t h e r  scarce re sources  such  

as manpower and equipment i s  both  e f f i c i e n t  and r a t i o n a l  from t h e  local  

p e r s p e c t i v e .  The problem is t h a t  t h e  N a v y  wants t o  reduce o p e r a t i n g  

c o s t s  by r educ ing  f u e l  b i l l s ,  p o s s i b l y  on t h e  i m p l i c i t  reasoning  t h a t  

t h e  r e l a t i v e  f u e l  shadow p r i c e s ,  which most Naval r e q u i s i t i o n e r s  f a c e  

i n d i v i d u a l l y ,  are cheaper  than  t h e  market p r i c e  t h e  Navy as a whole 

f a c e s .  

I d e a l l y ,  c o n s e r v a t i o n  e f f o r t s  would a t t e m p t  t o  " c o r r e c t "  t he  

d i sc repancy  between l o c a l  shadow p r i c e  r a t i o s  (such as t he  r a t i o  of 

a r t i f i c i a l l y  low energy " p r i c e "  t o  a r t i f i c i a l l y  h igh  maintenance l a b o r  

" p r i c e " )  and t h e  p r i c e  r a t i o s  e x i s t i n g  i n  t h e  rest oE the economy. One 

way t o  accomplish t h i s  c o r r e c t i o n  i s  t o  reduce  the  amount of energy 

which a c t i v i t i e s  are al lowed t o  use.  Local a c t i v i t i e s  would use  abso- 

l u t e l y  and r e l a t i v e l y  less energy i n  p u r s u i t  of t h e i r  mi s s ions ,  which 

would move Navy energy use  p a t t e r n s  toward g r e a t e r  e f f i c i e n c y ,  as judged 

by energy and l a b o r  c o s t s  i n  t h e  n a t i o n a l  economy. 

However, i f  a t t e n t i o n  were focused only  on t h e  improvement of 

r e l a t i v e  e E f i c i e n c y  a c h i e v a b l e  by c u r t a i l m e n t  of energy use ,  wi thout  

compensating i n c r e a s e s  in o t h e r  r e s o u r c e s ,  a d e c l i n e  i n  miss ion  

accomplishment l e v e l s  would s u r e l y  occur .  Some o p p o r t u n i t i e s  € o r  pure 

r e d u c t i o n s  i n  waste undoubtedly ex i s t  (e -g . ,  in t u r n i n g  o f f  ba r r acks  

l i g h t s  a t  p a r t i c u l a r  t i m e s ) ,  bu t  t h e s e  w i n d f a l l  s av ings  o p p o r t u n i t i e s  

appear  t o  be q u i t e  l i m i t e d .  The Navy must ensu re  that energy u s e  

c u r t a i l m e n t s  are compensated wi th  a p p r o p r i a t e  changes i n  o t h e r  re- 

sources, e i t h e r  i n  budget expans ions  f o r  maintenance or i n  the purchase ,  

i n s t a l l a t i o n ,  - and maintenance of improved equipment ,  

d e s c r i b e s  t h i s  argument i n  g r e a t e r  d e t a i l .  

Appendix A 
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The a n a l y s i s  p re sen ted  i n  S e c t .  2 . 3  i n d i c a t e s  t h e  c o m p a t i b i l i t y  

of ach iev ing  a f a c i l i t y ' s  misslon w h i l e  a t  t h e  same t i m e  i n c r e a s i n g  

energy e f f i c i e n c y .  It a l s o  i n d i c a t e s  the n e c e s s i t y  of i n c r e a s i n g  

nonenergy i n p u t s  t o  compensate f o r  r e d u c t i o n s  of energy.  Local energy 

u s e  p r a c t i c e s  may be c o s t - e f f i c i e n t  i n  l i g h t  of r e s t r i c t i o n s  on man- 

power, brit the  r e s u l t a n t  energy use p a t t e r n s  are probably i n e f f i c i e n t  i n  

t h e  c o n t e x t  of market pr ices .  Manpower r e a l l o c a t i o n s  must be made a t  

local.  l e v e l s  to compensate f o r  mandatory r e d u c t i o n s  in energy use  i f  

i n d i v i d u a l  u n t t  miss ions  are not  t o  be jeopard ized .  S u f f i c i e n t  energy 

c o s t  s av ing  should be genera ted  throughout  t h e  Navy to  be a b l e  t o  pay 

f o r  a d d i t t o n a l  manpower (and o t h e r  i n p u t )  requi rements .  
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34 RESEARCH DESIGN 

The r e s e a r c h  d e s i g n  involved  two major d a t a  c o l l e c t i o n  e f f o r t s :  

(1) s i t e  v i s i t s  t o  Naval sho re  f a c i l i t i e s  and ( 2 )  a survey  of Navy and 

c i v i l i a n  pe r sonne l  a t t e n d i n g  a Navy cour se  on energy  management. 

I n t e g r a t i o n  of t h e  data c o l l e c t e d  w i t h  the  r e s u l t s  of p rev ious  r e s e a r c h  

l e a d s  t o  our conc lus ions  and recommendations. 

To c o n f i n e  o u r s e l v e s  to  a manageable d a t a  c o l l e c t i o n  e f f o r t ,  we chose 

a set  of energy-conserving t e c h n o l o g i e s  f o r  d e t a i l e d  s tudy .  The c r i t e r i a  

f o r  s e l e c t i n g  t h e s e  t echno log ie s  were determined i n  c o l l a b o r a t i o n  wi th  

NCEL. We wanted t h e  t e c h n o l o g i e s  t o  i n c l u d e  a broad range of s av ings  t o  

inves tment  r a t i o s .  However, l o c a l  S I R  c a l c u l a t i o n s  were not a v a i l a b l e .  

Two o t h e r  cr i ter ia  were used i n s t e a d  t o  ensu re  s u b s t a n t i a l  v a r i a t i o n s  i n  

t h e  t echno log ie s  s t u d i e d :  

o Level  of adop t ion .  The t echno log ie s  should  range from high  t o  
low l e v e l s  of c u r r e n t  u s e  a t  Naval sho re  f a c i l i t i e s .  It is 
expec ted  t h a t  barriers w i l l  be d i f f e r e n t  €o r  t echno log ie s  which 
few Faci l i t ies  have implemented than  f o r  t e c h n o l o g i e s  which 
have n e a r l y  reached “ f u l l  market p e n e t r a t i o n ”  a c r o s s  
f a c i l i t i e s .  

o Level  of inves tment  The t echno log ie s  should  span t h e  spectrum 
of no-cost t o  expens ive  inves tmen t s ,  t he reby  i n c l u d i n g  t h o s e  
pa id  f o r  l o c a l l y  by maintenance o r  r e p a i r  budgets ,  and those  
pa id  For Navy-wide through ETAP and ECIP. 

The t e c h n o l o g i e s  s e l e c t e d  j o i n t l y  by ORNL and NCEL f o r  case  s tudy  

a re 

o s o l a r  water h e a t e r s ,  
o h igh -p res su re  sodium l i g h t s ,  
o energy  mon i to r ing  and c o n t r o l  systems (EMCS), and 
o po lyure thane  foam i n s u l a t i o n .  

These appear  t o  meet both  s e l e c t i o n  cri teria.  The su rvey  d a t a  i n d i c a t e  

t h a t  only 37% of Naval s h o r e  f a c i l i t i e s  have s o l a r  water h e a t e r s ,  wh i l e  

77% have h igh -p res su re  sodium l i g h t s .  F u r t h e r ,  t h e  t echno log ie s  range 

from low-cost (i.e.,  i n s t a l l a t i o n  of a s ingle  h igh -p res su re  sodium l i g h t )  

t o  ECIP-level c o s t s  ( i .e . ,  adop t ion  of an EMCS). 
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3 1 OVERVIEW OF SLTE VISITS 

T h e  s i t e  v i s i t s  were conducted du r ing  .June and J l l ly  1984. Alto-  

g e t h e r ,  25 people  were in t e rv i ewed ,  and f o u r  PWDs, one PMC, one EFD, and 

one major c la imant  were v i s i t e d  ( s e e  Tab le  2 ) .  A l l  of t h e s e  f a c i l i t i e s  

are i n  t h e  Sou theas t ,  r e s u l t i n g  i n  p o s s i b l e  r e g i o n a l  b i a s e s  and res t r ie-  

t i o n s  on g e n e r a l i z a t i o n s  t o  f a c i l i t i e s  i n  o t h e r  p o r t i o n s  of the United 

S t a t e s .  One of t h e  f o u r  i3Ji.k v i s i t e d  i s  a t  a Marine Corps A i r  S t a t i o n ,  

two are a t  Naval A i r  S t a t i o n s ,  and one i s  a t  a Naval S t a t i o n .  Thus, t h e  

s i t e s  vary  cons ide rab ly  i n  t h e i r  major iniss ion.  The i n c l u s i o n  of PWDs 

and a PWG w a s  d e s i r a b l e  because of t h e i r  d i f f e r e n t  o r g a n i z a t i o n a l  ar- 

rangements.  PWCs manage l a r g e  c o n c e n t r a t i o n s  of  Naval a c t i v i t i e s ,  and 

pay t h e  u t i l i t y  b i l l s  f o r  t h e  energy consumed by t h e  e n t i r e  c l u s t e r .  

PIJDs manage much smaller o p e r a t i o n s  e 

To ma in ta in  t h e  anonymity oE our  in l e rv i ewees  and Lhereby f a c i l i t a t e  

candid conve r sa t ions  a t  the s i t e  v i s i t s ,  t he  names of t hose  people  i n t e r -  

viewed a r e  not d ivulged .  In t e rv i ews  a t  t he  f o u r  sho re  f a c i l i t i e s  fol low- 

ed t h e  p r o t o c o l  shown i n  Appendix A. The q u e s t i o n s  were d iv ided  i n t o  

t h r e e  s e c t i o n s  d e a l i n g  w i t h  (1) c h a r a c t e r i s t i c s  of t he  person in t e rv i ew-  

ed ,  i nc lud ing  job  r e s p o n s i b i l i t i e s  and energy-re la ted  educa t ion ;  ( 2 )  

c h a r a c t e r i s t i c s  of t he  base ,  such as i t s  energy conse rva t ion  investment  

procedures  and u t i l i t y  meter ing;  and ( 3 )  c h a r a c t e r i s t i c s  of a set of 

energy t echno log ie s  t h a t  f a c i l i  t a t e  o r  i n h i b i t  implementat ion.  I n  

a d d i t i o n  t o  the  in fo rma t ion  ob ta ined  through t h e s e  i n t e r v i e w s ,  a v a r i e t y  

of documents were c o l l e c t e d ,  i n c l u d i n g  energy i n s t r u c t i o n s  and f a c i l i t y  

energy p l ans .  

3.2 OVERVlElJ  OF CECOS SURVEY 

Fol lowing t h e  s i t e  v i s i t s ,  a survey was conducted of p a r t i c i p a n t s  

i n  a course  on “Energy Management a t  Shore F a c i l i t i e s , ”  held i n  J u l y  

1984 a t  Norfo lk ,  V i r g i n i a .  The five-day cour se  is p a r t  of the  Navy’s 

C i v i l  Engineer ing  Corps O f f i c e r  School (CECOS). Pa r t i c ipanCs  i n  t h e  

survey  were p r i m a r i l y  from the  A t l a n t i c  and Chesapeake r eg ions  of t he  

United S t a t e s .  Thus, t h e  f i n d i n g s  of t he  survey  (as wi th  t h e  s i t e  

v i s i t s )  may have some r e g i o n a l  b i a s .  Ques t ionna i r e s  were d i s t r i b u t e d  to 
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Table  2 .  Summary of pe r sonne l  i n t e rv i ewed  a t  s i t e  v i s i t s  

Personnel  
Number of 
i n  t e rviews 

Four p u b l i c  works depar tments  

P u b l i c  works o f f i c e r s  
A s s i s t a n t  p u b l i c  works o f f i c e r s  (APWD)a 
Energy o f f i c e r s  and t e c h n i c a l  a s s i s t a n t  
D i r e c t o r  of e n g i n e e r i n g  and eng inee r ing  pe r sonne l  
D i r e c t o r  of u t i l i t i e s  
Fac i l i t i e s  p lanning  pe r sonne l  
D i r e c t o r  of maintenance and c o n t r o l  
D i r e c t o r  of f ami ly  housing 

P u b l i c  works c e n t e r  

P roduc t ion  o f f i c e r  

Engineer ing  field d i v i s i o n  

D i r e c t o r  of u t i l i t i e s  d i v i s i o n  
Head o f  energy and u t i l i t i e s  branch 
Head of programs s e c t i o n  
Head of e n g i n e e r i n g  s e c t i o n  

Major c l a iman t  

Energy management o f f i c e r  

1 

1 

aOne APWO i s  also t h e  energy o f f i c e r  and i s  counted i n  both rows. 
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approximate ly  65 Navy and Marine Corps r e g i s t r a n t s .  Of those  ques t ion -  

n a i r e s  r e t u r n e d ,  38 came from Navy r e g i s t r a n t s  working i n  the  c o n t i n e n t a l  

( p r i m a r i l y  the  Sou theas t e rn )  United S t a t e s .  These 38 r e sponses  comprise 

t h e  survey da tabase  ana lyzed  i n  subsequent  s e c t i o n s .  The c u r r e n t  pos i -  

t i o n s  of respondents  are summarized i n  Table  3. Note t h a t  t he  job de- 

s c r i p t i o n s  of 12 of t h e  38 respondents  d e a l  d i r e c t l y  wi th  energy.  The 

next  l a r g e s t  group d e a l s  w j t h  f a c i l i t y  p lanning .  It i s  e s t ima ted  t h a t  

one-half of t h e  i n d i v i d u a l s  surveyed are c i v i l i a n .  

The q u e s t i o n n a i r e  i s  shown i n  Appendix B and i s  d iv ided  i n t o  

s e v e r a l  p a r t s :  d e f i n i t i o n  of t he  r e sponden t ' s  j ob ,  suppor t  f o r  energy 

c o n s e r v a t i o n  on base ,  t h e  importance of v a r i o u s  in fo rma t ion  sources ,  and 

q u e s t i o n s  concern ing  b a r r i e r s  and i n c e n t i v e s  t o  the  adopt ion  of t he  f o u r  

t echno log ie s :  s o l a r  water  h e a t e r s ,  h igh-pressure  sodium l i g h t s ,  energy 

moni tor ing  and c o n t r o l  systems,  and polyure thane  foam i n s u l a t i o n .  

3 . 3  METHODS OF DATA ANALYSLS 

The d a t a  c o l l e c t e d  i n  t h e  s i t e  v i s i t  i n t e rv i ews  and the  survey of 

CECOS p a r t i c i p a n t s  are p resen ted  and d i scussed  i n  S e c t s .  4 and 5. 

Methods of a n a l y s i s  are l i m i t e d  t o  d e s c r i p t i v e  s t a t i s t i c s  because of the  

s m a l l  sample s i z e s  and the  p o s s i b l e  r e g i n n a l  b i a s e s .  



Table  3. P a r t i c i p a n t s  i n  CECOS survey  

Number of 
P o s i t  i o n  respondents  

Energy officer, manager, o r  e n g i n e e r  

D i r e c t o r ,  manager o r  s t a f f  of f a c i l i t i e s  p lanning  

Energy t e c h n i c a l  a s s i s t a n t ,  f n s p e c t o r ,  o r  EMCS i n s t r u m e n t  mechanic 

Superv isory  o r  s t a f f  mechanical e n g i n e e r  

Superv isory  o r  s t a f f  c i v i l  e n g i n e e r  

Shop e n g i n e e r  o r  e n g i n e e r i n g  t e c h n i c i a n  

Electr ical  e n g i n e e r  o r  t e c h n i c i a n  

P u b l i c  works o f f i c e r  

A s s i s t a n t  p u b l i c  works o E f i c e r  

Environmental  e n g i n e e r  

Mechanical e n g i n e e r  

Superv isory  g e n e r a l  e n g i n e e r  

I n d u s t r i a l  e n g i n e e r  

A s s i s t a n t  i n  product ion  o f f i c e r  

A s s i s t a n t  f o r  s p e c i a l  p r o j e c t s  

Manpower d i v i s i o n  o f f i c e r  

T o t a l  number of respondents  

8 

5 

4 

4 

3 

2 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

38 

1 
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4 .  ENERGY CONSERVATION WITH EXISTING TECHNOLOGY 

Although NCEL is concerned primarily wfth the dissemination of 

information concerning technologically new equipment, a significant 

component of any improvement that w d l l  occur in the efficiency of the 

Navy's energy use will be accomplished with existing equipment. This 

section identifies several salient problems that the Navy faces in its 

effort to use energy mote efficiently via the technologies already in 

place at shore facilities. 

4.1 METERING 

Metering of energy use is strikingly inadequate at Naval shore 

facilities. Many buildings and uses are not metered at all. Results 

from the survey of CECOS particLpants indicate that only 38% of shore 

facilities are metered well enough t o  identify large users of energy. 

This may be due, in part, to  the fact that ECIP and ETAP funds do not 

include support for metering. Many of the meters which do exist are not 

read because of manpower: shortages. At some shore facilities, civil 

engineering personnel do not even know which buildings are metered. 

There are rational efforts at some shore facilities to meter the 

largest, reimbursing energy users; but there exist significant, non- 

reimbursing energy users. 

Without metering, problem energy users cannot be identified. Even 

conservative energy users (would-be energy savers) cannot determine the 

results of their efforts at improving efficiency without knowledge of 

t h i s  consumption. In  fact, 50% of the respondents to  the CECOS ques- 

tionnaire identified the inability t o  measure energy savings as a major 

obstacle to the adoption of new energy-saving technologies (Fig. 2). 

We recommend that more effort be made to meter energy consumption 

and to  collect and analyze the resulting data. The requisite funds to 

purchase meters could be reduced, at least temporarily, by buying 

portable meters. Manpower requirements for reading metered data could 

be min-lmized by installing systems that record energy usage via phone or  
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F i g .  2.  Barriers and incentives t o  the adoptior; of energy technologies. (Entr ies  i n  the f igure  
are  the percentage of respondents who c i ted  an incentive or bar r ie r  a s  "3" or  "4" on a four-point 
scale  o f  importance. 
sodium 1 igh ts ,  energy monitoring and control systems, and polyurethane foain dnsul a t ion .  ) 

The energy technologies studied include so lar  water heaters ,  high-pressure 
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c a b l e  t e l e v i s i o n  l i n e s  - Associa ted  computer s o f t w a r e  could h e l p  t o  

a n a l y z e  t h e  i n f o r m a t i o n  g e n e r a t e d  by meter ing  in o r d e r  t o  understand t h e  

c a u s e s  of energy consumption p a t t e r n s  and t o  l e a r n  how t o  change them. 

It is t r u e  t h a t  meters, i n  and of themselves ,  do not  save  energy.  

It  i s  e q u a l l y  t r u e ,  however, t h a t  wi thout  t h e  consumption i n f o r m a t t o n  

provided by meters, i t  is very d i f f i c u l t  t o  assess t h e  e f f e c t s  of energy  

c o n s e r v a t i o n  e f f o r t s  and t o  de te rmine  whether  t h e s e  e f f o r t s  a r e  c o s t -  

e f f e c t i v e .  

4.2 OPERATION AND MAINTENANCE BUDGET LIMITATIONS 

The scarcest resource  a t  s h o r e  f a c i l i t i e s  appears  t o  be not energy 

or  equipment o r  even money, but  manpower. I n  many a c t i v i t i e s ,  preven- 

t i v e  maintenance on o p e r a t i n g  equipment is an u n a f f o r d a b l e  luxury;  on ly  

repair  maintenance is conducted.  We found s e v e r a l  i n s t a n c e s  of equip- 

ment remaining i d l e  For as long as two y e a r s  f o r  want of a s imple re- 

placement p a r t .  Energy o f f i c e r s  o f t e n  do not  purchase  equipment s imply 

because they  know i t  w i l l  not perform w i t h  t h e  z e r o  l e v e l  of maintenance. 

a v a i l a b l e .  

The s c a r c i t y  of maintenance manpower raises i t s  shadow v a l u e  ( s e e  

S e c t .  2 )  t o  local a c t i v i t i e s  f a r  above i t s  market v a l u e .  This  h i g h  

shadow v a l u e  e n f o r c e s  energy use p a t t e r n s  t h a t  may appear  excessive when 

judged by t h e  s t a n d a r d s  of market p r i c e s ,  bu t  t h a t  may be a p p r o p r i a t e  

c h o i c e s  when guided by c o n d i t i o n s  of l o c a l  manpower scarcit ies combined 

w i t h  t h e  a b i l i t y  t o  always draw on a d d i t i o n a l  funds t o  cover  f u e l  b i l l s .  

The energy use p a t t e r n s  e s t a b l i s h e d  by t h e s e  c o n d i t i o n s  w i l l  no t  be 

a l t e r e d  c o n s e q u e n t i a l l y  by demands t o  save energy wi th  no o t h e r  changes 

i n  e x t e r n a l  c i rcumstances .  

4 . 3  I N D I V I D U A L  BEHAVIOR 

I n d i v i d u a l s ,  n o t  buildings o r  equipment,  use energy. Thermostat  

r e g u l a t i o n  and l i g h t i n g  p r a c t i c e s  are conducted l a r g e l y  in c i rcumstances  

i n  which i n d i v i d u a l s  f a c e  z e r o  p r i c e s  €or t h e i r  consumption. Even iE 

meter ing  were s u c c e s s f u l l y  i n s t a l l e d ,  personnel  may f i n d  l i t t l e  o r  no 

i n d i v i d u a l  i n c e n t i v e  t o  conserve  because i n d i v i d u a l  u s e r s  cannot be 
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i d e n t i f i e d  o r  changed accord ing ly .  However, o r d e r s  from commanding 

o f f i c e r s  t o  modify behavior  could have t h e  e € f e c t  of imposing a n  

i n d i v i d u a l  energy p r i c i n g  sysLerfl on a l l  members of a sho re  f a c i l i t y .  

“Thou s h a l t ”  and “ thou  s h a l t  no t”  commands en fo rced  with l n i l i t a r y  

d i s c i p l i n e  have proven h i g h l y  e f f e c t i v e  €o r  the m i l i t a r y  i n  a wide range 

of c i rcumstances  and r e p r e s e n t  a mil  j o r  tes t  o f  energy consumption 

behavior  m o d i f i c a t i o n  a v a i l a b l e  t o  the  Navy. It is  a commonplace 

obse rva t ion  t h a t  a c t i o n  is more l i k e l y  I n  an o r g a n i z a t i o n  when i t  has  

t h e  a t t e n t i o n  of h igh- leve l  managers (Chakraba r t i  and Rubens te in ,  1976).  

S i m i l a r l y ,  i n  an a n a l y s i s  of  156 f i r m s  in t h e  S t a t e  of  Georgia which had 

r e c e n t  p l a n t  energy a u d i t s ,  Sassone and Mar tucc i  (1984) found t h a t  an 

index  of management commitment t o  energy c o n s e r v a t i o n  was t h e  b e s t  

p r e d i c t o r  of compliance wi th  a u d i t  recommendations. 

Without t h e  i n t e r e s t e d  and a c t i v e  suppor t  of u n i t  commanders, 

d i f f i c u l t - t o - m o n i t o r  p a t t e r n s  of i n d i v i d u a l  energy use w i l l  remain 

l a r g e l y  unchanged. With such suppor t  from commanders, behavior  can be 

changed, and e f f i c i e n c y  of energy use may be -Improved. Support  of 

commanders would have t h e  e f f e c t  of a t  least  p a r t i a l l y  r e p l a c i n g  t h e  

i m p l i c i t l y  f r e e  goods p o l i c y  toward i n d i v i d u a l  energy consumption with a 

r a t i o n a l  p r i c i n g  system. 

4 . 4  PERCEPTION OF ENERGY CONSERVATTON 

Although an overwhelming number of t he  CECOS q u e s t i o n n a i r e  

respondents  thought  t h a t  t h e i r  u n i t s  ’ miss ions  could be accomplished 

wi th  lower expend i tu re s  of energy,  i t  w a s  commonly r epor t ed  du r ing  our  

s i t e  v i s i t s  t h a t  u n i t  commanders s t r e n u o u s l y  resist a wide a r r a y  of  

energy consumption e f f i c i e n c y  measures as r e p r e s e n t i n g  t h r e a t s  t o  t h e  

accomplishment of t h e i r  u n i t s ’  missions. This  f i n d i n g  i s  p o s s i b l y  

t y p i c a l  of t he  armed f o r c e s .  I n  a previous  s tudy  ~f a t ac t i ca l  

engagement s i m u l a t i o n  t echn ique  i n  t h e  U. S. Army, d i s t r a c t i o n  from 

t r a i n i n g  w a s  a key f a c t o r  f o r e s t a l l i n g  use ( S c o t t ,  1980) .  

There does not  appear  t o  be widespread conf idence  t h a t  d i r e c t i v e s  

t o  conserve  energy are i n t e l l i g e n t  e f f o r t s  t o  improve o v e r a l l  miss ion  

e f  f i c i e a c y  r a t h e r  than  consumption c u r t a i l m e n t s  f o r  t h e  s imple  sake of 
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reducing  energy u s e ,  Such a p o t e n t i a l l y  c o n t r o v e r s i a l  c u r t a i l m e n t  i s  

mandated i n  t h e  Energy i n s t r u c t i o n s  of a t  least  one Southern  Naval s h o r e  

f a c i l i t y ,  where t h e  "comfort '" a i r  c o n d i t i o n i n g  season  i s  l i m i t e d  t o  3une 

1 5  through September 15. 

The Navy command b e a r s  some r e s p o n s i b i l i t y  f o r  t h e  p e r c e p t u a l  

c o n f l i c t s  r e g a r d i n g  energy c o n s e r v a t i o n  and t h e  r a t i o n a l i z a t i o n  of 

energy use.  As noted i n  Sect.  2 ,  n o t  a l l  c o n s e r v a t i o n  i s  e f f i c i e n t .  

Some a c t i v i t i e s  involve  a h igher  r a t i o  of energy use t o  o t h e r  i n p u t s  

such as manpower o r  equipment,  bu t  t h e  Navy-wide e x h o r t a t i o n  t o  save a 

b l a n k e t  percentage  of energy by 1985 does not acknow Ledge t h i s  d i v e r -  

s i t y .  N e i t h e r  does t h e  method chosen t o  measure a t t a i n m e n t  of t h e  

energy s a v i n g s  g o a l .  The l a c k  of p e n a l t i e s  €or  nonat ta inment  of t h e  

Navy energy g o a l s  a t  i n d i v i d u a l  s h o r e  f a c i l i t i e s  may r e p r e s e n t  t h e  

Navy's r e c o g n i t i o n  of t h e  d i f f i c u l t y  of measuring improvements i n  energy 

e f f i c i e n c y  and t h e  shortcomings of t h e  c u r r e n t  measure. However, i t  

a l s o  conveys t h e  message t h a t  i t  is  a low p r i o r i t y  endeavor.  

The Navy needs t o  assess t h e  ( 1 )  d o l l a r  v a l u e  of p o t e n t i a l  

improvements i n  t h e  e f f i c i e n c y  of its energy use and ( 2 )  t h e  a s s o c i a t e d  

enhancements to ,  o r  d e t r a c t i o n s  from, t h e  a b i l i t y  t o  perform i t s  v a r i o u s  

miss ions .  It may d e c i d e  t h a t  p o t e n t i a l  morale problems a s s o c i a t e d  w i t h  

i m p o s i t i o n  of energy p r i c i n g  systems v i a  m i l i t a r y  d i s c i p l i n e  are an 

e x c e s s i v e  p r i c e  to  pay f o r  t h e  p o t e n t i a l  energy c o s t  s a v i n g s  t h a t  may be 

for thcoming.  A l t e r n a t i v e l y ,  i t  may f i n d  t h a t  w i t h  the  rearrangement oE 

l o c a l  r e s o u r c e  (e .g . ,  manpower) a v a i l a b i l i t y ,  such p r i c i n g  p o l i c i e s  are 

e f f e c t i v e .  But wi thout  l e t t i n g  t h e  answer precede t h e  q u e s t i o n ,  t h e  

Navy should d e c i d e ,  a t  a f a i r l y  h igh  l e v e l  of a u t h o r i t y ,  on t h e  r e l a t i v e  

importance of i n c r e a s e s  i n  energy use  e f f i c i e n c y  t o  t h e  accomplishment 

of i ts miss ions  and should s i g n a l  i ts d e c i s i o n  c l e a r l y  to  i ts  commands. 

4.5 INTEGRATING ENERGY INTO FACILITY EXGINEERING PLANNING 

One impor tan t  way t h a t  a t t e n t i o n  t o  p a r t i c u l a r  i s s u e s  ( such  as 

energy e f f i c i e n c y )  is a l l o c a t e d  w i t h i n  o r g a n i z a t i o n s  is by r o u t i n e s .  

I n f o r m a t i o n  of importance i s  l i k e l y  t o  be overlooked i f  i t  is  not 

a t t e n d e d  t o  on t h e  b a s i s  of s t a n d a r d  o r g a n i z a t i o n a l  r u l e s  ( S t e r n  and  
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Aroi~son, 1984) .  Our survey of CECOS p a r t i c i p a n t s  i n d i c a t e s  t h a t  

r o u t i n e s  do not  always e x i s t  w i t h i n  the  v a r i o u s  Div i s ions  of  PWDs and 

PWCs, through which e n r r g y  concerns and the  e x p e r t i s e  of t he  EO are  

cons ide red .  

The CECOS q u e s t i o n n a i r e s  i n d i c a t e  t h a t  eng inee r s  working i n  

ene rgy- re l a t ed  a c t i v i t i e s  have very l i t t l e  awareness  of fami ly  housing 

d i v i s i o n s  ( F i g .  3 ) .  There are e x t e n s i v e  o p p o r t u n i t i e s  f o r  energy u s e  

conse rva t ion  i n  f ami ly  housing,  which i t s e l f  o f t e n  is d i r e c t e d  by 

personnel  w i thou t  eng inee r ing  backgrounds. Fami-ly housing personnel  

appear  t o  have encouraged more e f f i c i e n t  energy use  (as i n d i c a t e d  by t h e  

17% r e d u c t i o n  i n  energy use per  square  foot  of housing which has  been 

achieved  s i n c e  1975). However, i t  is  l i k e l y  t h a t  t h e s e  personnel  could  

be helped by be ing  brought  more f u l l y  i n t o  energy p lanning  a c t i v i t i e s  a t  

the  shore  f a c i l i t i e s .  

A good d e a l  of equipment changeover which a c t u a l l y  amounts t o  

investment  i n  new energy-saving technology i s  done under the  r u b r i c  of 

maintenance c o n t r o l  d i v i s i o n s  because funding  is  less r e s t r i c t i v e  and 

l e s s  paperwork is involved .  For example, i f  a b u i l d i n g  has any wall 

i n s u l a t i o n  a t  a l l ,  a complete r e i n s u l a t i o n  i s  p o s s i b l e  under the  t i t l e  

of maintenance,  bu t  t h e  i n s t a l l a t i o n  of any i n s u l a t i o n  i n  an u n i n s u l a t e d  

b u i l d i n g  must be under taken  as a new investment  p r o j e c t .  Switching of 

l i g h t  bu lbs  s i m i l a r l y  can be undertaken as a maintenance a c t i o n .  In 

many of t h e s e  p r o j e c t s ,  b e t t e r  c o o r d i n a t i o n  between Energy o f f i c e r s  and 

maintenance c o n t r o l  on the  one hand and Supply on t h e  o t h e r  would i m -  

prove e f f o r t s  t o  conserve  energy,  conducted under t h e  t i t l e  of mainte-  

nance. Of ten ,  noncommunication r e s u l t s  i n  the  purchase of nonoptimal o r  

even i n a p p r o p r i a t e  equipment,  and s e v e r a l  expe r i ences  of t h i s  s o r t  can 

d i scourage  r e q u i s i t i o n e r s  from t r y i n g  t o  i n t r o d u c e  new equipment.  

The m a j o r i t y  of energy-re la ted  eng inee r ing  d e c i s i o n s  are made by 

maintenance c o n t r o l  and eng inee r ing  pe r sonne l ,  o f t e n  independent ly  of 

t h e  Energy o f f i c e r  ( a l though  a number of eng inee r ing  d i v i s i o n s  show 

p lans  t o  t h e  Energy o f f i c e r  p r i o r  t o  comple t ion) .  However, SIRS f o r  

energy-re la ted  inves tments  a r e  g e n e r a l l y  c a l c u l a t e d  by Energy o f f i c e r s  

f o r  t h e  s m a l l  percentage  of ene rgy- re l a t ed  eng inee r ing  a c t i o n s  which are 
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under taken  as nonmaintenance p r o j e c t s .  Better coord ina t€on  between 

maintenance c o n t r o l ,  p a r t i c u l a r l y ,  and t h e  Energy o f f i c e r  could o f f e r  

some of the  p lanning  power conta ined  i n  the  SIR c a l c u l a t i o n  e f f o r t s  t o  a 

much 1 a r g e r  s h a r e  of the  ene rgy- re l a t ed  eng inee r ing  p r o j e c t s .  As NCEL's 

A-LESP manual i s  d i s t r i b u t e d ,  such c o o r d i n a t i o n  could become even ffiore 

b e n e f i c i a l .  
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5. INVESTMENT I N  NEW ENERGY-CONSERVING TECHNOLOGIES 

5.1 S I R  AND RELATED ECONOMIC FACTORS 

Navy documentat ion such as t h e  A-LESP manual p r e s c r i b e s  c r i t e r i a  

t h a t  should guide  s h o r e  f a c i l i t y  investment  d e c i s i o n s  wi th  r e s p e c t  t o  

energy-conserving t e c h n o l o g i e s .  In  a l l  i n s t a n c e s ,  SIR i s  seen  as 

r e l e v a n t  and should  exceed 1.0 be fo re  a technology is purchased.  Level  

of inves tment  is a l s o  impor t an t ;  low-cost and no-cost p r o j e c t s  are to  be 

g iven  top  p r i o r i t y .  

A d d i t i o n a l  g u f d e l i n e s  are r e l e v a n t  depending on source  of funding. 

For a c t i v i t y  l e v e l  c o n s t r u c t i o n  and r e p a i r  p r o j e c t s ,  NCEL recommends 

payback p e r i o d s  of s i x  months o r  less. For major c la imant  p r o j e c t s ,  

t echno log ie s  should  have a payback pe r iod  of 18 months o r  less. It i s  

recommended t h a t  u n s p e c i f i e d  minor c o n s t r u c t i o n  p r o j e c t s  resul t  i n  

sav ings  i n  maintenance and o p e r a t i n g  c o s t s  which exceed t h e  cost of t h e  

p r o j e c t  w i t h i n  3 y e a r s .  F i n a l l y ,  ETAP p r o j e c t s  should  be s e l f -  

amor t i z ing ,  w i t h  a r a t i o  of a t  least  15 M Btu's  f o r  eve ry  $1000 of 

p r o j e c t  c o s t s .  

Thus, each  of t he  fo l lowing  f i v e  "economic" cr i ter ia  are l e g i t f m a t e  

concerns  f o r  inves tment  dec is ion-making:  

1. savings- to- inves tment  r a t i o  (SIR) , 
2. annua l  energy sav ings ,  
3. annua l  o p e r a t i o n  and maintenance s a v i n g s ,  
4 .  s t a r t - u p  and p e r i o d i c  inves tment  c o s t s ,  and 
5. payback pe r iod .  

These f i v e  c r i t e r i a  were e v a l u a t e d  i n  t h e  CECOS su rvey .  Our 

f i n d i n g s  unde r sco re  t h e i r  importance i n  d e c i s i o n s  t o  adopt  new t ech -  

n o l o g i e s .  F i g u r e  2 shows t h a t  t h e  above five f a c t o r s  are t h e  most 

impor tan t  i n c e n t i v e s  f o r  adop t ion .  The conve r se ,  however, is no t  t r u e .  

These f i v e  cr i ter ia  are not t h e  most impor tan t  f a c t o r s  i n  d e c i s i o n s  to  

postpone o r  reject a technology.  That  i s ,  they  are not viewed as t h e  

most impor tan t  barriers by nonadopters .  I n  many i n s t a n c e s ,  t h e  economic 

e v a l u a t i o n  of a technology is  f a v o r a b l e ,  bu t  o t h e r  f a c t o r s  i n h i b i t  

adop t ion .  W e  d e s c r i b e  noneconomic i n c e n t i v e s  l e a d i n g  t o  t h e  



30 

overadopt ion  of t echno log ie s  i n  S e c t .  5.2 and d i s c u s s  "noneconomic" 

b a r r i e r s  t o  adop t ion  i n  S e c t s .  5.3 through 5.7. 

5.2 "GLAMOUR" AND THE O V E W W P T I O N  OF ENERGY TECHNOLOGIES 

A c o n s i s t e n t  f i n d i n g  OF t h e  technology t r a n s f e r  l i t e ra ture  is t h a t  

new t echno log ie s  are f r e q u e n t l y  adopted f o r  a v a r i e t y  of "noneconomic" 

r easons .  Innova to r s  ( thal :  i s  those  people  and o r g a n i z a t i o n s  which 

adopt  an innova t ion  e a r l y )  have a g r e a t e r  p r i c e  i n e l a s t i c  demand than  

subsequent  a d o p t e r s ,  which is recognized  by d i s t r i b u t o r s  who set h igh ,  

"market skimming" p r i c e s  i n  t h e  e a r l y  s t a g e s  of a t echnology ' s  l i f e  

c y c l e .  ' Innovators a r e  o f t e n  a t t r a c t e d  by t h e  "gadget ry"  of a new 

technology,  t he  "glamour" of owning i t ,  and t h e  a s s o c i a t e d  " p r e s t i g e . "  

Such f a c t o r s  f r e q u e n t l y  l e a d  t o  overadopt ion  o r  conspicuous consumption 

of new t echno log ie s .  The spread of S.W.A.T. teams i n  munic ipa l  p o l i c e  

depar tments  ( F e l l e r  and Menzel,  1977) ,  computer ized a x i a l  tomography 

(CAT s c a n n e r s )  i n  h o s p i t a l s  (Banta ,  1980), and Harves tore  s i l o s  by 

American fa rmers  (Rogers ,  1983)  are examples of such " t echno log ie s  gone 

wild."  S o l a r  t echno log ie s  a p p e a r  t o  be prone t o  overadopt ion ,  as w e l l .  

Table  4 provides  ev idence  t h a t  overadopt ion  of c e r t a i n  energy 

t echno log ie s  may be o c c u r r i n g  a t  Naval sho re  f a c i l t t i e s .  (This  t a b l e  

d i s a g g r e g a t e s  t h e  in fo rma t ion  p resen ted  i n  F ig .  2 ,  by type  of energy 

technology. )  Solar water h e a t e r s  and h igh-pressure  sodium l i g h t s  appear  

t o  be adopted by many shore  f a c i l i t i e s  f o r  reasons  o t h e r  than f a v o r a b l e  

economic i n d i c a t o r s  such as h igh  SIRS. For i n s t a n c e ,  t he  payback pe r iod  

was seen as a barrier to two of the  seven a d o p t e r s  of s o l a r  water 

h e a t e r s  and w a s  an  i n c e n t i v e  t o  on ly  one of them. For  h igh-pressure  

sodium l i g h t s ,  on ly  two of 17 adoptcirs viewed the  payback per iod  as a n  

i n c e n t i v e .  The a b i l i t y  to experiment  on a t r i a l  b a s i s  and t o  improve 

p u b l i c  awareness of energy c o n s e r v a t i o n  were judged t o  be e q u a l l y ,  i f  

no t  more impor tan t  f a c t o r s .  Although "glamour" and " p r e s t i g e "  were n o t  

examined s p e c t f i c a l l y  i n  t h e  GECOS su rvey ,  i t  is l i k e l y  t h a t  they  are 

a l s o  l e a d i n g  to  t h e  adop t ion  ( i f  no t  t h e  ove radop t ion )  o f  some energy- 

conserv ing  t echno log ie s .  
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Tab le  4.  I n c e n t i v e s  (I) and barriers (B) t o  t he  a d o p t i o n  of energy  t echno log ie sa  

High 
S o l a r  p r e s s u r e  Polyure thane  
wa te r  sodium foam 

h e a t e r s  l i g h t s  mc S i n s u l a  t i o n  
I B  I R  I R  E B  

(~512) (N=5) (FJ=9) (N=lO) Nonadopte rs 

Savings to  Investment  r a t i o  
Annual energy s a v i n g s  
Annual O M  s a v i n g s  ( o r  

a d d i t i o n a l  c o s t s )  
S t a r t -up  and p e r i o d i c  

inves tment  c o s t  
Payback pe r iod  
E f f o r t  r e q u i r e d  t o  o b t a i n  

U n c e r t a i n t i e s  
A b i l i t y  t o  adopt on t r i a l  

b a s i s  
S k i l l s  r e q u i r e d  t o  implement, 

o p e r a t e ,  and ma in ta in  
A b i l i t y  t o  document energy  

s a v i n g s  
Improving p u b l i c  awareness  of 

energy  c o n s e r v a t i o n  

fund ing  

1 8  
3 4  

1 1  
2 0  

2 2  
3 0  

1 1  
2 0  

1 7  1 1  2 1  1 2  

1 5  
2 7  

1 1  
2 0  

1 2  
4 1  

0 2  
1 1  

0 5  
0 4  

0 3  
0 2  

0 3  
0 5  

1 2  
0 7  

1 6  0 2  0 4  3 1  

0 6  0 3  

0 3  

1 1  

0 7  1 3  

1 7  1 5  0 3  

2 2  2 2  1 0  

(N=7) 

2 1  
4 0  

( N = 1 7 )  

0 0  
5 0  

(N=20) 

19 0 
19 0 

( N x 8 )  Adopters  

Savings  to  inves tment  r a t i o  
Annual energy s a v i n g s  
Annual O&M s a v i n g s  ( o r  

a d d i t i o n a l  c o s t s )  
S t a r t -up  and p e r i o d i c  

inves tment  c o s t s  
Payback pe r iod  
E f f o r t  r e q u i r e d  t o  o b t a l n  

U n c e r t a i n t i e s  
A b i l i t y  t u  adopt  on t r i a l  

b a s i s  
S k i l l s  r e q u i r e d  t o  implement, 

o p e r a t e ,  and ma in ta in  
A b i l i t y  t o  document energy  

s a v i n g s  
Improving p u b l i c  awareness  

of energy c o n s e r v a t i o n  

fund ing  

5 1  
8 0  

1 1  2 0  15 0 6 0  

1 2  
1 2  

6 1  
2 0  

2 4  
17 1 

1 1  
7 0  

1 3  
0 1  

3 1  
0 1  

2 5  
2 5  

2 1  
1 0  

5 1  4 0  2 2  

2 5  

2 1  

0 0  4 0  1 2  

0 1  2 1  

3 1  

4 2  

4 1  

2 1  

4 0  2 0  

a E n t r i e s  i n  t h e  t a b l e  are the number of respondents  who c i t e d  an  i n c e n t i v e  
or  b a r r i e r  a s  "3" o r  "4" on a four -poin t  scale of impor tance .  
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5.3 I N F Q W T I O N  GAPS AND IJNCERTAENTIES SURROUNDING INVESTMENTS 

The existencc o f  inves tment - re la ted  u n c e r t a i n t i e s  and major i n f o r -  

mat ion gaps is underscored by t h e  survey  of CECOS p a r t i c i p a n t s .  For  

i n s t a n c e  , t h e  t h r e e  m o s t  f r e q u e n t l y  c i t e d  f a c t o r s  p reven t ing  adop t ion  

are each r e l a t e d  t o  a knowledge problem. I n  half of t he  d e c i s i o n s  no t  

t o  adopt  a new technology,  " u n c e r t a i n t i e s "  were seen  as a s i g n i f i c a n t  

b a r r i e r ;  t h e  i n a b i l i t y  t o  document energy sav ings  w a s  c i t e d  wi th  similar 

f requency;  and i n  53% of the  C R S P S ,  " s k i l l s  r e q u i r e d  t o  implement, 

o p e r a t e ,  and main ta in"  a technology were viewed as a major h indrance  t o  

implementat ion ( F i g .  2 and Tab le  4 ) .  

A l t  hough t h e  nature of u n c e r t a i n t j e s  i n h i b i t i n g  adop t ion  of new 

energy t echno log ie s  w a s  not  probed i n  t h e  CECOS survey ,  t he  s i t e  v i s i t s  

a long  wi th  f i n d i n g s  of prev ious  s t u d i e s  provide  i n s i g h t .  F i r s t ,  t h e r e  

are u n c e r t a i n t i e s  concern ing  the  implementat ion and per€ormance of t h e  

technology.  There are r e l a t e d  u n c e r t a i n t i e s  r ega rd ing  which manufac- 

t u r e r s  o f f e r  what products  and t h e  comparat ive performances of d i f f e r e n t  

brands  of equipment i n  d i f f e r e n t  c i rcumstances .  Then t h e r e  are uncer- 

t a i n t i e s  sur rounding  t h e  l l k e l y  f u t u r e  c o s t  of energy.  F u r t h e r ,  t h e r e  

i s  t h e  p o s s i b i l i t y  t h a t  a new technology w i l l  improve so r a p i d l y  t h a t  

e a r l y  adop t ion  only  l e a d s  t o  r a p i d  obsolescence .  This  l a t t e r  concern 

appea r s  t o  be c h a r a c t e r d s t i c  of r e s i d e n t i a l  s o l a r  p h o t o v o l t a i c  systems 

and l t k e l y  c h a r a c t e r i z r s  o t h e r  new energy t e c h n o l o g i e s  (Katzman, 1981). 

F u r t h e r  ev idence  concerning in fo rma t ion  problems is  provided i n  

F igs .  4 and 5. I n  r a t i n g  t h e  u s e f u l n e s s  of v a r i o u s  o r g a n i z a t i o n s  and 

p u b l i c a t i o n s  as sources  of i n fo rma t ion  on energy conse rva t ion ,  n e a r l y  

h a l f  o f  t h e  survey respondents  had no f a m i l i a r i t y  wi th  FESO, and l a r g e  

p r o p o r t i o n s  of respondents  were unaware of key energy-re la ted  publ ica-  

t i o n s .  Techdata  Shee t s ,  f a r  i n s t a n c e ,  were no t  known t o  21% of t h o s e  

people  surveyed.  Thus,  t h e  Navy i s  faced  wi th  a major educa t ion  prablern 

i n  i t s  energy program. 

O f  t h e  p u b l i c a t i o n s  examined i n  t h e  survey  of CECOS p a r t i c i p a n t s ,  

N C E L ' s  Techdata  Shee ts  were judged t o  be the most u s e f u l  source  o f  

i n fo rma t ion  on energy conse rva t ion .  Other  p u h l i c a t i o n s  were a l s o  r a t e d  
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48 FESO 3.4 

3.3 Major a i i d  s u b  triajor cldimatits 

U S. DOE 

Otlier federal agencies 

Fig. 4. Usefulness of organizations as energy conservation information sources. (Responses are 
measured on a seven-point scale varying from 1 = "not at all useful"  to 7 = "extremely useful . " )  
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Percent with no  opinion Publicnt ion Usefulness: mean valiies 
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Tcchdata sheets 4.9 

Technical memoranda, .7 
notes, and reports 

OPNAV instrimions 

Operat ion and mairitena: ice 

man ua Is 

Waste watchers guide 

N A V F A C i n s t  r tic! i oris 

Puhlicatioiis by others 

Facil i t y  energy p l a n  

Design manuals 

Local instructions 

NAVFAC guide 
specifications 

45 B-manuals 

* T h i s  f igure i s  not reported because of an e r ror  on the questionnaire. 

Fig.  5. Usefulness o f  pub1 ications as energy conservation information sources. (Responses 
are measured on a seven-point scale varying from 1 = "not a t  a l l  useful" t o  7 = "extremely useful . ' I )  



above t h e  mfdpoint on a scale ranging  from ''not a t  a l l  u s e f u l "  t o  

"extremely u s e f u l " .  These i n c l u d e  t e c h n i c a l  memoranda, n o t e s ,  and 

r e p o r t s ,  OPNAV i n s t r u c t i o n s ,  o p e r a t i o n  and maintenance manuals,  and the  

waste watchers  gu ide .  Other  Navy p u b l i c a t i o n s  were jridged to  be  

ine f f ec t ive - - inc lud ing  FEPs. The v a s t  amount of l i t e r a t u r e  on energy 

c o n s e r v a t i o n  publ i shed  by t h e  U.S. Department of Energy (DOE),  t h e  U . S .  

Department of Housing and Urban Development ( H U D ) ,  and o t h e r s  were 

g iven  a mediocre r a t i n g  of  3 . 8 ,  and 39% i n d i c a t e d  a l ack  of f a m i l i a r i t y  

w i t h  such " p u b l i c a t i o n s  by o t h e r s . "  Our s i t e  v i s i t s  p rovide  some 

i n s i g h t  i n t o  problems a s s o c i a t e d  wi th  some of t h e  p u b l i c a t i o n s  s t u d i e d .  

A v a r i e t y  of op in ions  were expressed  concern ing  improvements t o  

NCEL's Techdata  Shee t s .  Seve ra l  respondents  i n d i c a t e d  t h a t  t h e  S h e e t s  

need t o  p rov ide  more o p e r a t i o n  and maintenance material (e .g . ,  a d i scus -  

s i o n  of steam t r a p  maintenance o p t i o n s )  and more in fo rma t ion  on p a r t i c u -  

lar brands  and manufac turers .  Many f e l t  t h a t  some Techdata  S h e e t s  need 

t o  be updated and more should  be w r i t t e n .  S i m i l a r l y ,  FEPs were seen  as  

o c c u r r i n g  too  i n f r e q u e n t l y .  F i n a l l y ,  s e v e r a l  respondents  a t  our  s i t e  

v i s i t s  noted  t h a t  t h e  c o n s i d e r a b l e  r e s o u r c e s  o f f e r e d  by DOE and HUD 

p u b l i c a t i o n s  were not  be ing  e x p l o i t e d  by the Navy because of a lack of 

awareness. 

The A-LESP manual w a s  not  eva lua ted  i n  ou r  survey  q u e s t i o n n a i r e  

because of i ts  newness. However, t he  type  of i n fo rma t ion  i t  c o n t a i n s  

appea r s  t o  be h i g h l y  appropr ia te - -par t  i c u l a r l y  t h e  a s s i s t a n c e  i t  

p rov ides  i n  c a l c u l a t i n g  r e g i o n a l l y  s p e c f f i c  SIRs .  A s  i n d i c a t e d  by a 

la te r  d i s c u s s i o n  of funding  procedures ,  t he  c a l c u l a t i o n  of S I R s  f o r  

energy t echno log ie s  i s  c u r r e n t l y  seen  as an arduous task by s e v e r a l  of 

t h e  EOs and f a c i l i t y  p l ann ing  personnel  w e  i n t e rv i ewed  dur ing  s i t e  

v i s i t s .  

In fo rma t ion  gaps are l i k e l y  t o  be a c h r o n i c  problem i n  the  Navy's 

energy program because of t h e  f r e q u e n t  job  r o t a t i o n s  of m i l i t a r y  

pe r sonne l .  The c i v i l i a n  pe r sonne l  i n  PWDs and PWCs tend t o  be the  

i n s t i t u t i o n a l  memory. One way t o  reduce t h i s  in format ion  problem is t o  

f a c i l i t a t e  the development of communication networks between Energy 

O f f i c e r s .  Networking would a l l o w  EOs t o  b e t t e r  l e a r n  from the  s u c c e s s e s  

and f a i l u r e s  of o t h e r s  f aced  by similar climatic and o r g a n i z a t i o n a l  
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pe r sona l  c o m u n l c a t i o n  among pee r s  i n  s f m i l a r  p o s i t i o n s  i n  d i f f e r e n t  

f i r m s  speeds adop t ion  of  a p r a c t i c e  ( S t e r n  and Aronson, 1984).  

5.4 FUNDING RESTRICTIONS AND ADMINISTRATIVE PROCEDURES 

A v a r i e t y  of funding r e s t r i c t i o n s  and cumbersome a d m i n i s t r a t i v e  

procedures  i n h i b i t  implementat ion of energy-saving t echno log ie s  a t  Naval 

sho re  f a c i l i t i e s .  The s e v e r i t y  of t he  problem is  i n d i c a t e d  from the  

CECOS survey.  More than  one- th i rd  of  the  nonadopters  i n d i c a t e d  t h a t  t h e  

" e f f o r t  r e q u i r e d  t o  o b t a i n  funding" w a s  an impor tan t  b a r r i e r ,  and almost  

o n e - f i f t h  of t h e  a d o p t e r s  judged t h i s  same f a c t o r  t o  be an  impor t an t  

h indrance .  

The paperwork r e q u i r e d  f o r  E C I P  and ETAP funding  i s  cons idered  

t e d l o u s ,  i n  p a r t  because i t  r e q u i r e s  a n  economic a n a l y s i s  t h a t  i n c l u d e s  

the  c a l c u l a t i o n  of SIRS.  F u r t h e r ,  t h e r e  are s u b s t a n t i a l  t i m e  l a g s  

between ECIP/ETAP a p p l i c a t i o n s  and funding,  r e s u l t i n g  I n  f r u s t r a t i o n s  a t  

s h o r e  € a c i l i t i e s  t h a t  are t r y i n g  to  d e a l  w l t h  t h e i r  energy problems on a 

t imely  b a s i s .  The funds a v a i l a b l e  from ECIP and ETAP are a l s o  q u i t e  

l i m i t e d ,  b o t h  i n  s i z e  and i n  t h e  p r o j e c t s  they  w i l l  suppor t  ( e .g . ,  

meter ing  is not  an e l i g i b l e  expense,  by i t s e l f ) .  

A-LESP w i l l  h e l p  EOs and f a c i l i t y  p lanning  o f f i c e r s  t o  complete the  

r e q u i s i t e  economic a n a l y s e s .  F a c i l i t y  energy p lans  can and some do h e l p  

i n  t h i s  regard  by i n c l u d i n g  a l l  t h e  necessary  paperwork f o r  e x t e r n a l  

funding of recommended p r o j e c t s .  The t i m e  l a g s  and funding l i m i t a t i o n s  

and r e s t r i c t i o n s ,  on the  o t h e r  hand, r e q u i r e  a l t e r a t i o n s  of t he  

procedures  and p r i o r i t i e s  of t h e  Department of Navy and i t s  major 

c l a i m a n t s .  

5 .5  SECURING THE COOPERATION OF SUPPORT PERSONNEL 

Coopera t ion  among d i f f e r e n t  o f f i c e r s  on base has  a l r e a d y  been 

i d e n t i f i e d  as a problem i n  t r y i n g  t o  conserve energy wi thout  t h e  

i n t r o d u c t i o n  of new t echno log ie s .  It becomes even more Important  when 

new t echno log ie s  are in t roduced  and,  i n  a d d i t i o n ,  o f t e n  invo lves  the  

u s i n g  c l i e n t e l e  as w e l l .  
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The most impor t an t  s p e c i f i c  l i n k  a t  which in t e r -o f  f i c e  c o o r d i n a t i o n  

becomes c r u c i a l  when i n t r o d u c i n g  new t echno log ie s  is w i t h  Supply.  

Energy o f f i c e r s  of t e n  have i n  mind s p e d  f i c  equipment f o r  p a r t i c u l a r  

p r o j e c t s ;  a l t hough  t h e y  may know t h e  brand and model needed t o  accom- 

p l i s h  t h e i r  g o a l ,  t h e  s p e c i f i c a t i o n s  must be w r i t t e n  t o  r e f l e c t  t he  

d e s i r e d  c h a r a c t e r i s t i c s  of t h e  equipment r a t h e r  than  r e q u e s t i n g  a 

spec i f ic  product .  I n  look ing  on ly  a t  r e l a t i v e  purchase p r i c e s ,  supply  

may purchase a n  u n s u i t a b l e  product  if t h e  s p e c i f i c a t i o n s  w r i t t e n  are not  

s u f f i c i e n t l y  d e t a i l e d .  So,  Energy o f f i c e r s  and Supply o f f i c e r s ,  each  

doing  t h e i r  jobs independen t ly ,  can misconnect  as o f t e n  as no t  i n  the 

energy  c o n s e r v a t i o n  area. Energy o f f i c e r s  are o f t e n  r e l u c t a n t  t o  be 

candid  w i t h  Supply about  j u s t  how s p e c i f i c  a product  they  r e a l l y  want, 

€ o r  f e a r  of making Supply s u s p i c i o u s  of motives .  EOs w i l l ,  however, 

seek  adv ice  from o t h e r  EOs about  how t o  write s p e c i f i c a t i o n s  t o  maximize 

t h e  p r o b a b i l i t y  of g e t t i n g  Supply t o  o r d e r  t h e  product  they  want. A 

more s t r a i g h t f o r w a r d  procedure would be t o  have a h i g h e r  l e v e l  command 

b r i n g  Supply and E O s  t o g e t h e r  so each can e x p l a i n  t o  the  o t h e r  the 

miss ions  they  are t r y i n g  t o  accomplish.  I f  E O s ,  by v i r t u e  of t h e i r  

mi s s ions ,  pu t  Supply i n  awkward p o s i t i o n s  v is -a -v is  t h e i r  r e g u l a t i o n s ,  

some h i g h e r  l e v e l  a d j u d i c a t i o n  i s  c l e a r l y  i n  o r d e r ,  a l though i t  i s  

l i k e l y  t h a t  c l o s e r  coope ra t ion  a t  lower l e v e l s  can accomplish q u i t e  a 

b i t .  

The u s e r s  of new equipment o f t e n  f i n d  i t s  nove l ty  an  inconvenience .  

There i s  no q u e s t i o n  t h a t  timers on l i g h t s ,  water h e a t e r s ,  and a i r  

c o n d i t i o n e r s  are restrictive of freedom of u s e .  Consequent ly ,  timers 

are o f t e n  removed or tampered wi th  by e i ther  consumers o r  r e p a i r  

pe r sonne l .  T h i s  problem w i l l  p robably  be reduced on ly  by making t i m e r s  

more d i f f i c u l t  t o  tamper wi th ,  but  c u r r e n t l y  t h e  t a m p e r a b i l i t y  of new 

equipment i s  one r eason  Energy o f f i c e r s  do not  adopt .  

L igh t ing  l e v e l s  and c o l o r  a l t e r a t i o n s  of h igh  p r e s s u r e  sodium 

l i g h t s  cause  problems, some of which can be worked around,  o t h e r s  no t .  

Some new l i g h t s  s c r e e n  o u t  t h e  c o l o r  r e d ,  which makes working wi th  much 

e l e c t r o n i c  equipment i n  t h a t  l i g h t  dangerous--impossible f o r  a l l  

pract ical  purposes .  The l i g h t s  are adequa te ,  however, fo r  many o t h e r  

purposes .  Secur ing  t h e  coope ra t ion  of pe r sonne l  who are accustomed to 
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working i n  g r o s s l y  over- i l l i iminated areas when i l l u m i n a t i o n  l e v e l s  are 

lowered may be a l e a d e r s h i p  problem and l a r g e l y  o u t s i d e  t h e  domain of 

E O s '  p e r s u a s i v e  powers. 

5.6 INADEQUATE COMPLEMENTARY INPUTS 

When r e g u l a r  maintenance i s  e s s e n t i a l  f o r  t h e  reasonably  e f f i c i e n t  

o p e r a t i o n  of new equipment and when maintenance pe r sonne l  are known t o  

be u n a v a i l a b l e ,  t h e  equipment may not be i n s t a l l e d  r e g a r d l e s s  of t he  

energy i t  might save .  S i m i l a r l y ,  i f  manpower is not  a v a i l a b l e  t o  r ead  

meters and ana lyze  consumption d a t a ,  i n s t a l l i n g  meters w i l l  s e r v e  no 

purpose.  

Some new t echno log ie s  r e q u i r e  p a r t i c u l a r  s k i l l s  f o r  maintenance o r  

even o p e r a t i o n .  A p r i m e  example is t h e  EMCS, a h i g h l y  s o p h i s t i c a t e d  

system t h a t  can be t o t a l l y  i n o p e r a t i v e  because of the  s h o r t a g e  of a 

s i n g l e  complementary i n p u t .  The s i g n i f i c a n c e  of- complementary i n p u t s  i s  

shown i n  Table  4 .  O f  t h e  n ine  CECOS responden t s  working a t  bases 

wi thout  a n  EMCS, seven c i t e d  the  " s k i l l s  r equ i r ed  t o  implement, o p e r a t e ,  

and main ta in"  t h e  technology as a s i g n i f i c a n t  barrler t o  adopt ion .  

5.7 THE GOAL STRUCTURE 

A s  noted i n  S e c t .  1 of t h i s  r e p o r t ,  t he  DOD h a s  set goals f o r  

energy conse rva t ion  a t  Naval sho re  f a c i l i t i e s .  One goa l  ca l l s  f o r  a 20% 

~ ~ l u c t i o n  i n  Btu ' s  consumed per  square  f o o t  of b u i l d i n g s ,  between 1975 

and 1985. C u r r e n t l y ,  t h e  Navy has  achieved  a r educ t ion  of o n l y  11% per 

squa re  foo t  (and only  6%, I f  not  s t anda rd ized  by square  foo tage ) .  The 

Navy's p rogres s  toward the  goa l  is monitored by NEESA, which pub l i shes  a 

monthly Energy a u d i t  r e p o r t  f o r  each shore  f a c i l i t y .  Desp i t e  t h e s e  

r e p o r t s  and the  knowledge t h a t  t h e  Navy is not meeting t h e  DOD g o a l s ,  

the g o a l s  do not appear  t o  s t i m u l a t e  energy conse rva t ion .  

The c u r r e n t  goa l  s t r u c t u r e  is i n e f f e c t i v e  i n  p a r t  because i t  does 

not adequate ly  r e f l e c t  a shore  f a c i l i t y ' s  energy conse rva t ion  accom- 

p l i shments .  There are s e v e r a l  problems i n  this regard .  F i r s t ,  the DOD 

g o a l  i s  based on measures of 1975 squa re  foo tage  of b u i l d i n g s ,  which 
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may be i n e x a c t  s i n c e  t h e  d a t a  had t o  be compiled r e t r o a c t i v e l y .  A more 

impor t an t  problem, however, i s  t h a t  t h e  g o a l  does not  d i f f e r e n t i a t e  

b u i l d i n g  areas devoted t o  energy  i n t e n s i v e  uses (such  as computer 

f a c i l i t i e s  and v a r i o u s  i n d u s t r i a l  p r o c e s s e s )  from areas devoted t o  less 

i n t e n s i v e  energy f u n c t i o n s ,  such as a d m i n i s t r a t i o n .  T h i s  l a c k  of 

d i f f e r e n t i a t i o n  l e a d s  t o  a v a r i e t y  o f  problems. 

S ince  1975, t h e  n a t u r e  of Naval o p e r a t i o n s  has become i n c r e a s i n g l y  

ene rgy- in t ens ive .  Examples are i n c r e a s e s  i n  b u i l d i n g  space devoted t o  

computer equipment o r  a i r c r a f t  t r a i n i n g  s i m u l a t o r s .  To t h e  e x t e n t  

t h a t  a shore  f a c i l i t y  has  exper ienced  g r e a t e r  than average  growth i n  

such f u n c t i o n s ,  i t  w i l l  have more d i f f i c u l t y  r each ing  i t s  g o a l s .  

S i m i l a r l y ,  t o  t h e  e x t e n t  t h a t  a sho re  f a c i l i t y  expe r i ences  growth i n  

low-energy b u i l d i n g  u s e s ,  such as hangars  and warehouses, i t  w i l l  more 

e a s i l y  r e a c h  (and may a c t u a l l y  exceed)  i ts  g o a l s .  

There  a r e  a v a r i e t y  of part-lal s o l u t i o n s  to  the  g o a l  s t r u c t u r e  

a v a i l a b l e  t o  t h e  Navy, some of which are under c o n s i d e r a t i o n  c u r r e n t l y .  

Although DOD's g o a l s  must be accep ted  as "g iven , "  t h e  Navy could r e f i n e  

t h e  g o a l s  it provides  for i t s  o p e r a t i o n s .  F i r s t  is t h e  p o s s i b i l i t y  of 

upda t ing  t h e  1975 base  year  t o  1985, which would e l i m i n a t e  problems due 

t o  e r r o r s  i n  t h e  1975 squa re  foo tage  f i g u r e s .  It would a l so ,  

t e m p o r a r i l y ,  r educe  the  impact of post-1975 c o n s t r u c t i o n  i n  terns of i t s  

r e l a t i v e  energy  i n t e n s i t y .  However, i t  would a l s o  f a i l  t o  r e f l e c t  

e f f o r t s  t o  ach ieve  energy  e f f i c i e n c y  between 1975 and 1985. Thus, t hose  

hases  t h a t  have a l r e a d y  implemented no-cost/low-cost c o n s e r v a t i o n  

measures would be pena l i zed ;  t hey  would have to  ach ieve  subsequent  

energy sav ings  v i a  more expens ive  inves tmen t s .  

Another improvement would invo lve  t h e  c a l c u l a t i o n  of g o a l s  based 

upon t h e  types  and e x t e n t  of a c t i v i t i e s  occur r ing  a t  a shore  f a c i l i t y .  

U l t i m a t e l y ,  i t  would be u s e f u l  to  deve lop  a n  a l g o r i t h m  and necessa ry  

d e t a i l e d  d a t a  base so t h a t  NEESA could  de te rmine  v a l i d  g o a l s .  For 

i n s t a n c e ,  a s t a n d a r d  fo r  energy use p e r  squa re  f o o t  o f  a d m i n i s t r a t i v e  

space  would be m u l t i p l i e d  by actual  squa re  foo tage  €or  such use ,  t o  

c a l c u l a t e  its c o n t r i b u t i o n  t o  the  g o a l .  I n  t h e  c a s e  o f  c e r t a i n  

( p a r t i c u l a r l y  i n d u s t r i a l )  p r o c e s s e s ,  t h e  s t a n d a r d  could be i n  terms of 

B t u ' s  per  "p rocess  u n i t , "  where the  p rocess  u n i t  might be a r e p a i r e d  
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a i r c r a f t  o r  a m n h o u r  devoted t o  a i r c r a f t  repairs .  However, t h e r e  are 

problems wi th  s imply defined process  u n i t s  t h a t  do not  allow f a r  mi s s ion  

c o n t i n g e n c i e s .  

Such re f  lnernent to  the Navy g o a l  s t r u c t u r e  should go hand-in-hand 

wi th  a n  e f f o r t ,  on t h e  p a r t  of each shore facility, t o  i d e n t i f y  its 

high-  and low-ef f ic iency  energy u s e r s .  Such an e f f o r t  r e q u i r e s  

more energy use meter ing .  
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6 li RECOMMENDATIONS 

Our a n a l y s i s  of f a c t o r s  a f f e c t i n g  t h e  implementat ion of energy-  

s a v i n g  t e c h n o l o g i e s  a t  Naval  sho re  f a c i l i t i e s  r e s u l t e d  i n  s e v e r a l  key 

recommendations. A d d i t i o n a l  s u g g e s t i o n s  and background to  t h e  fo l lowing  

recommendations can be found i n  ear l ie r  c h a p t e r s .  

o The Department of t h e  Navy m u s t  a r t i c u l a t e  its p r i o r i t i e s  r ega rd ing  
i n c r e a s e d  energy e f f i c i e n c y  more c l e a r l y  and f o r c e f u l l y  i f  an 
energy program i s  t o  be e f f e c t i v e ;  i ts  energy goals should  be modi- 
f i e d  t o  more a c c u r a t e l y  r e f l e c t  Navy p r i o r i t i e s .  

o Given t h e i r  r e l a t i v e  prominence a s  a source  of ene rgy- re l a t ed  
i n f o r m a t i o n ,  coupled  w i t h  t h e  e x i s t e n c e  of impor tan t  i n f o m a t i o n  
gaps on b a s e s ,  Techdata  Shee t s  should  be updated more o f t e n ,  cover  
more t o p i c s ,  c o n t a i n  more o p e r a t i o n  and maintenance i n f o r m a t i o n ,  
and i n c l u d e  more s p e c i f i c  i n fo rma t ion  on products  and 
manufac turers  I 

o Improved me te r ing ,  meter r ead ing ,  and energy consumption a n a l y s e s  
are r e q u i r e d  for i n d i v i d u a l s  and commands t o  a l t e r  t h e i r  energy  
consumption behavior  i n t e l l i g e n t l y .  

o Any e f f o r t s  t o  reduce energy  consumption must be l i nked  to changes 
i n  o p e r a t i o n  and maintenance procedures  and a v a i l a b i l i t y ;  l a c k  of 
o p e r a t i o n  and maintenance r e s o u r c e s  is a major b a r r i e r  t o  t h e  
achievement of energy s a v i n g s  a t  sho re  f a c i l i t i e s .  

Q A t  t he  sho re  f a c i l i t y  l e v e l ,  t h e  v a r i o u s  PWD Div i s ions  and o t h e r  
depar tments  should  be b e t t e r  i n t e g r a t e d  i n t o  sho re  E a c i l i t y  energy 
p l ann ing .  In p a r t i c u l a r :  

- P r i o r i t i e s  f o r  ene rgy- re l a t ed  maintenance c o n t r o l  p r o j e c t s  
should be coord ina ted  d e t e r m i n a t i o n s  between maintenance c o n t r o l  
and Energy o f f i c e r s  ( E O s ) ,  

- The energy  c o n s e r v a t i o n  a c t i v i t i e s  of f ami ly  housing should be 
i n t e g r a t e d  wi th  a c t i v i t i e s  of EOs,  and 

- P e r c e p t i o n s  of c o n f l i c t s  between Supply pe r sonne l  and E O s  should 
be r e c o n c i l e d  by c l o s e r  c o o r d i n a t i o n .  

o Shared s a v i n g s  c o n t r a c t i n g  appears  to  he one means by which many 
c u r r e n t  b a r r i e r s  t o  t h e  adop t ion  of energy-conserving t e c h n o l o g i e s  
can  be overcome; guidance  should  be provided t o  sho re  f a c i l i t i e s  
concern ing  i t s  u s e .  
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8. LIST OF ACRONYMS 

A-LESP 

APWO 

CECOS 

DEIS I1 

DOD 

DOE 

ECIP 

EFD 

EO 

mc s 
ETAP 

FEP 

FESO 

HUD 

NAVFAC 

NCEL 

NEESA 

OICC 

OPNAV 

PWC 

PWD 

R& D 

RDT &E 

ROICC 

SIR 

Activity-Level Energy Systems Planning 

Assistant Public Works Officer 

Civil Engineering Corps Officer School 

Defense Energy Information System I1 

Department of Defense 

U.S. Department of Energy 

Energy Conservation Investment Program 

Engineerlng Field Division 

Energy Officer 

Energy Monitoring and Controls System 

Energy Technology Applications Program 

Facility Energy Plan 

Facilities Engineering Support Office 

U.S. Department of Housing and Urban Development 

Naval Facilities Engineering Command 

Naval Civil Engineering Laboratory 

Naval Energy and Environmental Support Activity 

Officer in Charge of Construction 

Office of the Chief of Naval Operations 

Public Works Center 

Public Works Department 

Research and Development 

Research, Development, Testing, and Evaluation 

Resident Officer in Charge of Construction 

savings-to-investment rat io 
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Appendix A 

CURTAILMEN'F OF USE VS EFF LCIENCY IMPROVEMENTS 
IN ENERGY CONSSR-VATION EFFORTS 

T h i s  appendix p r e s e n t s  t he  background material t o  the  arguments of 

S e c t .  2 . 3  on t h e  p o t e n t i a l l y  coun te rp roduc t ive  e f f e c t s  o f  s i m p l e  

energy-use c u r t a i l m e n t s  as conse rva t ion  e f € o r t s ,  as c o n t r a s t e d  wi th  more 

s o p h i s t i c a t e d  a t t e m p t s  a t  improving e f f i c i e n c y  of miss ion  

accomplishment.  

In  F ig .  A . 1 ,  q u a n t i t i e s  of energy used are on t h e  h o r i z o n t a l  a x i s  

and q u a n t i t i e s  of o t h e r  materials used by t h e  Navy i n  the  accomplishment 

of i t s  miss ion  are drawn on the. v e r t i c a l  axis .  Curve To d e s c r i b e s  the  

c u r r e n t  technology t h e  Navy uses  t o  accomplish i t s  mission.  Any combi- 

n a t i o n  of energy and o t h e r  material on curve  To can  permit  t he  Navy t o  

perform i t s  miss ion  t o  l e v e l  T o ,  which we can assume i s  c u r r e n t  

s tandards- - the  Navy's "output"  of de fense ,  i n  economic pa r l ance .  The 

r e l a t i v e  pr ices  a t  which t h e  Navy purchases  i t s  Euel and o t h e r  materials 

on t h e  market are desc r ibed  by the  s l o p e  of l i n e  MM1. I f  no purchase 

of energy w a s  made, t h e  e n t i r e  Navy budget could purchase  OM of o t h e r  

m a t e r i a l s ;  conve r se ly ,  i f  a l l  t h e  budget were spen t  on f u e l ,  OM1 

energy could be purchased.  Following t h i s  example, a r e l a t i v e  

cheapening of f u e l  p r i c e s  would be r ep resen ted  by a counterc lockwise  

t w i s t i n g  of l i n e  M M l .  Line SS1  shows such a r e l a t i v e  cheapening of 

f u e l  p r i c e s  and r e p r e s e n t s  t he  shadow r e l a t i v e  p r i c e s  of € u e l  and o t h e r  

materials which the  " t y p i c a l "  Naval f a c i l i t y  f a c e s  i n  pract ice:  p a r t s  

and manpower are expens ive ,  bu t  more f u e l  can always be ob ta ined .  

The Department of t h e  Navy's energy-reduct ion  g o a l s  can a l s o  be 

i l l u s t r a t e d .  Suppose t h a t  t h e  Navy r e a l l y  cannot  e f f e c t i v e l y  p r e s e n t  

i t s  l o c a l  commands with market p r i c e s  f o r  s u p p l i e s  bu t  i t  can o r d e r  t h a t  

c e r t a i n  r educ t ions  i n  usage be made. With a c o n s i d e r a b l e  amount of l u c k  

t h e  Navy could guess  c o r r e c t l y  and f o r c e  a r e d u c t i o n  of energy use Erom 

eo t o  e l ,  wi th  a r e a l l o c a t i o n  of the  saved funds t o  increased  

purchases  of o t h e r  m a t e r i a l ,  €rom II+, t o  my*. 

p a r t i c u l a r l y  f o r t u i t o u s  because i t  t a k e s  i n d i v i d u a l  sho re  f a c i l i t i e s  

from p o i n t s  o f  l o c a l l y  e f f i c i e n t  r e source  use--shadow cost r a t i o  SS1  

This  cho ice  would be 
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and b e n e f i t  To a r e  tangeril: ( r a t l o  of changes are equa l )  a t  ( eo ,  

mo)--to p o i n t s  of organizat ion-wide e f f i c i e n t  r e source  use a t  ( e l ,  

ml), where market c o s t s  HFfl and benefits To are t angen t .  In  t h i s  

case, q u a n t i t y  c u r t a i l m e n t  works p e r f e c t l y ,  bu t  t h e r e  is no reason  t o  

expec t  such a case t o  occur .  

Suppose t h a t  t he  Navy's technology were c h a r a c t e r i z e d  by curve  

T I  i n  F ig .  A . 2  i n s t e a d  of To i n  F i g .  A . l .  Tn curve  T I ,  as energy 

use  i s  reduced ,  more of o t h e r  materials are r equ i r ed  t o  compensate than  

i n  t h e  technology desc r ibed  by curve  T o .  I n  t h i s  c a s e ,  t h e  Navy's 

d e c r e e  t o  reduce energy consumption from eo t o  e l  docs not  permit  

t h e  l o c a l  commanders t o  t ake  advantage of market p r i c e  and s t i l l  perform 

t h e i r  miss ions  up t o  the  s t anda rd  r ep resen ted  by TI.  I n s t e a d ,  mi s s ion  

performance f a l l s  t o  T i k  which i s  d e l i v e r e d  wi th  e l  energy but  w i th  

m i *  of o t h e r  materials. 

The r eade r  may have no t i ced  t h a t  i n  bo th  F igs .  A . 1  and A . 2 ,  

r e s o u r c e  combinat ions a t  t h e  l o c a l  shadow p r i c e s  SS1 l i e  o u t s i d e  the  

Navy's budget c o n s t r a i n t  i n  the  marke tp lace ,  which is t h e  area i n s i d e  

t r i a n g l e  MOMI. In e f f e c t ,  o n l y  t h a t  p o r t i o n  o.€ t r i a n g l e  SOSl which 

o v e r l a p s  t r i a n g l e  MOM1 r e p r e s e n t s  e l i g i b l e  areas f o r  l o c a l l y  shadow 

e f f i c i e n t  bu t  market i n e f f i c i e n t  cho ices .  Although the  drawings have 

been cons t ruc t ed  f o r  1ieuris t i .c  purposes ,  t h e  i n c i d e n t a l  f e a t u r e  of 

c u r r e n t  spending exceeding a c u r r e n t  budget c o n s t r a i n t  could i l l u m i n a t e  

one source  of push f o r  energy conse rva t ion  i n  the  Navy. Long-term 

p r i c i n g  o r  budgetary l i m i t s  could g e n e r a t e  f o r c e s  t o  f i n d  an e f f i c i e n t  

manner of o p e r a t i n g  which would s t a y  w i t h i n  a c c e p t a b l e ,  long-term 

budgetary l i m i t s .  

F igu re  A.2  a l s o  i l l u s t r a t e s  what appea r s  to  be R common concern 

among u n i t  commanders. Conserva t ion  has  a r e p u t a t i o n  of i nvo lv ing  

n a i v e l y  mot iva ted  q u a n t i t y  c u r t a i l m e n t s  wi thout  regard  € o r  the c o s t s  of 

c u r t a i l m e n t .  A loss f u n c t i o n  e x i s t s  f o r  t he  r e d u c t i o n  in Naval de fense  

ou tpu t  f rom TI t o  TI*, and the  s o c i a l  v a l u a t i o n  of t he  l o s s  ( i . e . s  

how much s o c i e t y  would be w i l l i n g  t o  pay t o  keep defense  a t  TI) could 

be l a r g e  o r  s m a l l  r e g a r d l e s s  of t he  magnitude of the  change f rom T I  t o  

T i* .  Many Naval personnel  are concerned t h a t  energy c o n s e r v a t i o n  

e f f o r t s  w i l l  r e s u l t  i n  t h e i r  i n a b i l i t y  t o  accomplish t h e i r  a s s igned  
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mis s ions  and an o v e r a l l  r e d u c t i o n  i n  t h e  Navy's a b i l i t y  t o  do so .  

Suppose, €o r  example, t h a t  i n  t h e  t e c h n o l o g i c a l  c i rcumstances ,  a n  

economyminded Department of t he  Navy o r  Congress i n s t i t u t e d  a p o l i c y  of 

no i n c r e a s e  i n  purchase of other materials when energy consumption i s  

reduced from eo to el. 

would permit  on ly  a lower defense  output  than  To.  

The combinat ion of r e s o u r c e s  ( e l ,  mo) 

It is p o s s i b l e  t h a t  t h e  concerns expressed  are exaggera ted ,  

a l though  genuine.  If personnel  have spen t  most of t h e i r  careers 

o p e r a t i n g  i n  t h e  r eg ion  of Naval de fense  technology around ray  l?, ( a  

l i n e  d e s c r i b i n g  r a t i o s  of o t h e r  materials t o  ene rgy)  i n  F ig .  A . 1 ,  they  

may have very  l i t t l e  awareness  of what i s  a v a i l a b l e  i n  t h e  t e c h n o l o g i c a l  

v i c L n i t y  of r ay  R1. 

out  f o r  i t s e l f  t o  inform its o f f i c e r s  about  a l t e r n a t i v e  techniques  o f  

mi s s ion  accomplishment which are q u i t e  d i f f e r e n t  from c u r r e n t  

p r a c t i c e s .  

The Navy c l e a r l y  has  some e d u c a t i o n a l  work c u t  
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Appendix B 

NAVY SHORE FACILITY SITE VISIT PROTOCOL 

Name : Base: 

P o s i t i o n :  Date: 

I n t r o d u c t o r y  Remarks 

The Naval C i  v i  1 Eng ineer ing  Labora tory  has requested t h a t  Oak R i  dye Na t iona l  
Laboratory  complete a s tudy o f  f a c t o r s  a f f e c t i n g  t h e  adopt ion  o f  energy- 
conserv ing  techno log ies  a t  Naval shore f a c i l i t i e s .  As p a r t  of t h i s  s tudy we 
would l i k e  t o  ask you a number of quest ions.  

ResDondent T r a i t s  

a t  t h i s  1. How long  have you had your  c u r r e n t  j o b  as - 
base? 

2. (What k i n d  o f  energy- re la ted  t r a i n i n g  and p r i o r  job  exper ience have you 
had? 

3. I n  your  c u r r e n t  job,  how impor tan t  do you t h i n k  energy conserva t ion  i s  
compared w i t h  o the r  goals? What a r e  t h e  impor tan t  goals  o t h e r  than energy 
conserva t ion? What a re  you r  va r ious  c o l l a t e r d l  d u t i e s  o the r  than energy 
conserva t ion? 

4. What r o l e  do you have i n  dec id ing  what eneryy-sav ing techno log ies  and 
p r a c t i c e s  ye% used on t h i s  base? 



55 

5, Whom do you c a l l  upon f o r  adv ice  when making energy - re la ted  dec i s ions?  

6.  What l i t e r a t u r e  have you found t o  be most h e l p f u l  t o  you i n  makinq energy- 
r e l a t e d  dec i  s ians?  

7. What use a re  t h e  F a c i l i t y  Energy P lan  and Energy I n s t r u c t i o n s  t o  you? 

8. Do you cons ide r  o r  c a l c u l a t e  savings t o  investment  r a t i o s  when d e c i d i n q  
which energy techno loq ies  t o  implement on base? I f  not ,  why n o t ?  

9. What o t h e r  sources o f  i n f o r m a t i o n  have been h e l p f u l ?  

10. Have you had much c o n t a c t  w i t h  p roduc t  sa les  persons? I f  SO, what e f f e c t  
has i t  had on your  t h i n k i n g  and on your  cho ices  o f  energy conserv ing  tech -  
no 1 o g i  es? 

11. How long  a payback p e r i o d  can you a f f o r d  f o r  a $10-25K investment  in an 
energy-conserva t ion  p r o j e c t  a t  t h i s  base? 

12, For $50-75K p r o j e c t ?  

13. For a $200K p r o j e c t ?  

14. What i s  your  best guess a t  an annual r a t e  o f  inc rease o r  decrease f o r  
energy p r i c e s ,  a f t e r  i n f l a t i o n ,  between now and 1990? 
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S i t e  and S i t u a t i o n  C h a r a c t e r i s t i c s  

1. What i s  t h e  h i g h e s t  rank ing  o f f i c e r  on t h i s  base who has asked about 
energy conserva t i on  on a r e g u l a r  b a s i s ?  

2. Are t h e r e  i n f l u e n t i a l  people on t h i s  base whom you would desc r ibe  as p r o -  
moters of energy conserva t i on?  I f  yes, who? 

3. How impor tan t  do you t h i n k  energy conserva t i on  i s  i n  your  j o b  performance 
r e p o r t ?  

4. What i s  t he  s tandard procedure f o r  d e c i d i n g  t o  purchase enerqy-conservi  ng 
equipment? 

For l o c a l  O&M expendi tures:  

For E C I P  expendi tures:  

For ETAP expendi tures:  

5. Approximately how many working energy meters e x i s t  on your  base? 

6. Approx imate ly  how many o f  these a re  read on a r e g u l a r  b a s i s ?  
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Technology Character is t ics  

1. Consider t h e  f o l l o w i n g  l i g h t  

A. Reduced wattage b u l b s  

ng system r e t r o f  t s  

1. I n s t a l l l e d ?  YES / NO I f  Yes, what was t h e  e x t e n t  o f  t h e  replacement? 

2. Respondent p a r t i c i p a t e d ?  YES / NO 

3. I f  Yes (No) t o  A.1. what were t h e  reasons f o r  t r y i n g  (no t  t r y i n g )  
t h i s  energy- conserv ing  r e t r o f i t ?  

B. Conversion frorn incandescent t o  f l uo rescen t  l i g h t i n g  

1. Conversion? YES / NO If Yes, what was t h e  e x t e n t  o f  convers ion? 

2. Respondent p a r t i c i p a t e d ?  YES / NO 

3. I f  Yes (No) t o  B . l .  what were t h e  reasons f o r  t r y i n g  (no t  t r y i n q )  
t h i s  energy- conserv inq  r e t r o f i t ?  

C. I n t e g r a l  l i g h t  swi tches 

1. I n s t a l l e d ?  YES / NO I f  Yes, what was t h e  e x t e n t  o f  t h e  rep lace -  
men t? 

2. Respondent p a r t i c i p a t e d ?  YES / NO 

3. If Yes (No) t o  C . l .  what were t h e  reasons f o r  t r y i n q  (no t  t r y i n g )  
t h i s  energy- conserv inq  r e t r o f i t ?  
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D. Conversion t o  h j g h  pressure sodium l i g h t s  

1. I n s t a l l e d ?  YES / NO If Yes, what was t h e  ex ten t  o f  t h e  rep lace -  
ment? 

2. Respondent p a r t i c i p a t e d ?  YES / NO 

3. I f  Yes (No) t o  0.1. what were t h e  reasons f o r  t r y i n g  (no t  t r y i n g )  
t h i s  energy- conserv ing  r e t r o f i t ?  

E. Other:  

1. Respondent p a r t i c i p a t e d  YES / NO 

2. What were t h e  reasons f o r  t r y i n g  t h i s  energy-conserving r e t r o f i t ?  

F. Other:  

1. Respondent p a r t i c i p a t e d  YES / NO 

2. What were t h e  reasons f o r  t r y i n g  t h i s  energy-conservinq r e t r o f i t ?  

Have any r o o f s  on t h i s  base been sprayed w i t h  po lyurethane foam i n s u l a -  
t i o n ?  I f  NO, What were t h e  reasons f o r  not t r y i n g  t h i s  t y p e  o f  
i n s u l a t i o n ?  
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I f  YES: 

A. P r o j e c t  1: 

1. Respondent p a r t i c i p a t e d ?  YES ,' NO 

2.  What were t h e  reasons f e r  t r y i n g  t h i s  energy-conserv i  ng r e t r o f i t ?  

- 0 .  P r o j e c t  2: 

1. Respondent p a r t i c i p a t e d ?  YES ,/ NO 

2. What were t h e  reasons f o r  t r y i n g  t h i s  energy-conserv ing r e t r o f i t ?  

3. Have any c o n t r o l s  been i n s t a l l e d  i n  t h e  base 's  b u i l d i n g s  t o  a u t o m a t i c a l l y  
If  NO, what were t h e  reasons f o r  n o t  t r y i n g  a d j u s t  i n t e r i o r  temperatures? 

automat ic  setback thermosta ts  o r  o t h e r  such b u i l d i n g  c o n t r o l s ?  

A. P r o j e c t  1: 

1. Respondent p a r t i c i p a t e d ?  YES / NO 

2. What were t h e  reasons fo r  t r y i n g  t h i s  energy-conserv ing dev ice? 
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B. P r o j e c t  2: _I 

1. Respondent p a r t i c i p a t e d ?  YES / NO 

2. What were t h e  reasons f o r  t r y i n g  t h i s  energy-conserving dev ice? 

4. Have any s o l a r  water heaters  been i n s t a l l e d  on t h i s  base? 

I f  No, Why n o t ?  

I f  Yes: 

A. P r o j e c t  1: 

1. Respondents p a r t i c i p a t e d  YES / NO 

2. What were t h e  reasons for i n s t a l l i n g  t h i s  t y p e  o f  water heater? 

B. P r o j e c t  2: 

1. Respondents p a r t i c i p a t e d  YES / NO 

2. What were t h e  reasons f o r  i n s t a l l i n g  t h i s  t y p e  o f  water heater? 



5. What o t h e r  major conserva t ion  p r o j e c t s  have occurred on this base? 

A. P r o j e c t  1: 

1. Respondent p a r t i c i p a t e d ?  YES / NO 

2. What were t h e  reasons f o r  engaging i n  t h i s  energy-conserving 
p r o j e c t ?  

B. P r o j e c t  2: 

1. Respondent p a r t i c i p a t e d ?  YES / NO 

2. What were t h e  reasons f o r  engaging i n  t h i s  energy-conserving 
p r o j e c t ?  

A d d i t i o n a l  Comments 
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APPENDIX C 

CECOS ENERGY CONSERVATION QUESTIONNAIRE 
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Appendix C 
CECOS ENERGY CONSERVATION QUESTIONNAIRE 

The Naval C i v i l  Engineer ing Laboratory  has h i r e d  Oak Ridge Nat ional  Laboratory t o  complete 
a study o f  f a c t o r s  a f f e c t i n g  t h e  adopt ion of energy-conserving techno log ies  a t  Naval shore 
f a c i l i t i e s .  
and r e t u r n  t h e  ques t ionna i re  t o  the  course i n s t r u c t o r  by noon tomorrow. 
t o  express your op in ions.  A l l  responses W i l l  be kept  s t r i c t l y  c o n f i d e n t i a l .  

As p a r t  o f  t h i s  study we would l i k e  you t o  answer t h e  f o l l o w i n g  quest ions,  
Please fee l  f ree 

1. What i s  t h e  t i t l e  o f  your c u r r e n t  p o s i t i o n ?  

2. Is t h e r e  a f u l l - t i m e  energy o f f i c e r / c o o r d i n a t o r  a t  your a c t i v i t y ?  YES-- N O -  

If NO, what percent  o f  a man-year goes towards c e n t r a l i z e d  energy conserva t ion  p l a n n i n g  
a t  your a c t i v i t y ?  

3. Is t h e r e  a f u n c t i o n i n g  energy conservat ion organ iza t ion  or network a t  your a c t i v i t y ?  
YES- NO- 

4 .  What l e v e l  o f  support and cooperat ion f o r  energy conservat ion p lann ing  and implemen- 
t a t i o n  have you received from t h e  f o l l o w i n g  people a t  your a c t i v i t y ?  

No support o r  
coopera_tion 

A c t i v i t y  comnanding o f f i c e r  
Operat ional  u n i t  comnanders (o ther  

P u b l i c  works o f f i c e r  
Ass is tan t  p u b l i c  works o f f i c e r  
Energy conservat ion o f f i c e r  
Fami ly  housing personnel 
F a c i l i t i e s  p lann ing  personnel 
Engineer ing personnel 
Maintenance and c o n t r o l  personnel 
U t i  1 i t i e s  payment processing personn 

than a c t i v i t y  comnanding o f f i c e r )  

1 2 3 4  
1 2 3 4  

1 2 3 4  
1 2 3 4  
1 2 3 4  
1 2 3 4  
1 2 3 4  
1 2 3 4  
1 2 3 4  

le1 1 2 3 4 
I- -- 

Strong support No basis  for 
and cooperat ion judgemerat 

5 6 7  3 
5 6 2  9 

5 6 7  
5 6 7  
5 6 7  
5 6 7  
5 6 7  
5 6 7  
5 6 7  
5 6 7  

5 .  Is your  a c t i v i t y  metered w e l l  enough so t h a t  you can i d e n t i f y  l a r g e  users o f  energy? 
YES- NO- 

6. I f  "YES" t o  ques t ion  5, a r e  these meters read on a r e g u l a r  b a s i s ?  YES- NO- 

7. What d i f fe rences .  i f  any, do you see between energy conservat ion and imprnvemnt. in 
e f f i c i e n c y  o f  energy use? No essays + lease - j u s t  r e a c t i o n s  t o  these :no o n c q t s ,  

8. Do you t h i n k  t h e  miss ion o f  your a c t i v i t y  can be maintained i n t a c t  w h i l e  decreasing 
energy expendi tures? Check one. 

Abso lu te ly  no t  
Probably n o t  

- Maybe not  
Maybe so - Probably so 

I_ D e f i n i t e l y  so 

- 
- 
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Useful ness 
Aot a t  

use fu l  use fu l  
1 2 3 4 5 6 7  

a1 1 Extremely 

9. For each o f  the i n f o r m a t i o n  5DuPces l i s t e d  below, please i n d i c a t e  how useful you have found i t  t o  be I n  
d e c i d i n g  upon energy-conserving aCtiOnS a t  your a c t i v i t y .  We a l s o  would l i k e  t o  know what k j n d  o f  experiences 
your  assessment i s  based upon. 

No d i r e c t  
experience; 
Judgement 
based o n l y  

exper ience people ' s experience 
Oi r e c t  on o t h e r  Both d i r e c t  

on ly  r e p o r t s  and hearsay 

Source 

1 2 3 4 5 6 7  YESIN0 Y €SI NO YESIN0 
I I Organizat ions:  

Faci  1 i t i e s  Engineer ing Support 
O f f i c e  (FESO) 

Naval C i v i l  Eng ineer ing  
Laboratory (NCEL) (o the r  than 
FESO) 

1 2 3 4 5 6 1  YESINO YES/NO YES/NO 

Engineer ing F i e l d  O i  v i  s i on  

Naval Engineer ing and Environmental 
Support A c t i v i t y  (NEESA) 

Major C 1  airnant/Sub-Major C 1  aimant 

U.S. Department o f  Energy 

Other Federal Agencies 

1 2 3 4 5 6 7  YESINO YESIN0 YESIN0 

1 2 3 4 5 6 7  YESINO YESIN0 YESIN0 

1 2 3 4 5 6 7  YES/NO YESINO YESlYD 

1 2 3 4 5 6 7  YESINO YESIN0 YES'/NO 

1 2 3 6 5 6 7  YEStNO. YES/NO YESIN0 

Techdata sheets 

Waste watchers guide 

Technical memoranda, notes,  
and r e p o r t s  

OPNAV i n s t r u c t i o n s  

NAVFAC i n s t r u c t i o n s  

Local  i n s t r u c t i o n s  

Design manuals 

NAVFAC guide s p e c i f i c a t i o n s  

Operat ion and maintenance 
manuals 

Faci  1 i ty energy p lans  

Pub1 i c a t i o n s  by o thers  (gov ' t .  
i n d u s t r y ,  etc.) - please l i s t  
ou ts tand ing  examples 

1 2 3 4 5 6 7  

1 2 3 4 5 6 7  

1 2 3 4 5 6 7  

1 2 3 4 5 6 7  

1 2 3 4 5 6 7  

1 2 3 4 5 6 7  

1 2 3 4 5 6 7  

1 2 3 4 5 6 7  

1 2 3 6 5 6 7  

1 2 3 4 5 6 7  

1 2 3 4 5 6 7  

YESIN0 

YESIN0 

YESIN0 

YESIN0 

YESINO 

YESIN0 

YESIN0 

m/ 110 
ES/NO 

YESINO 

YES/NO 

YES/NO 

YESINO 

YESINO 

YESINO 

YES/NO 

Y E S I N O  

YES/NO 

YESINO 

Y'iS,fQD 

YESIN0 

YESINO 

YES/NO 

YES/NO 

YESIN0 

YESIN0 

YESIN0 

YES/NO 

YES/NO 

YES/NO 

YESIN0 

T%Tz;Na 

YESIN0 

YES/NO 

YES/NO 

YES/NO 
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THE FOLLOWING QUESTIONS DEAL WITH VARIOUS TECHNOLOGIES WHICH M A Y  HAVE BEEN INSTALLED AT YOUR ACTIVITY. 

10. Have any s o l a r  water heaters  been i n s t a l l e d  a t  your a c t i v i t y  o r  has funding been requested f o r  
them? YES - NO - 

I f  YES, s k i p  t o  Sect ion 8. If NO. complete Sect ion A. 

A. How impor tant  were each of the  f o l l o w i n g  cons idera t ions  i n  t h e  dec is ion  n o t  t o  i n s t a l l .  o r  n o t  t o  
request  funding f o r ,  s o l a r  water heaters? 

Not an impor tant  Very impor tant  
b a r r i e r / i n c e n t i  ve b a r r i e r / i n c e n t i v e  

t o  adopt ion I t o  adopt ion C i r c l e  One: 

Savings t o  investment r a t i o  1 2 3 4 INCENTIVE B A R R I E R  
Annual energy savings 1 2 3 4 INCENTIVE B A R R I E R  
Annual QBM savings ( o r  a d d i t i o n a l  cos ts )  1 2 3 4 INCENTIVE B A R R I E R  
S t a r t - u p  and p e r i o d i c  investment costs  1 2 3 4 INCENTIVE BARR I ER 
Payback p e r i o d  1 2 3 4 I N C E N T I V E  B A R R I E R  
E f f o r t  requ i red  t o  o b t a i n  funding 1 2 3 4 INCENTIVE B A R R I E R  
U n c e r t a i n t i e s  1 2 3 4 INCENTIVE BARRlER 
A b i l i t y  t o  adopt on t r i a l  bas is  1 2 3 4 INCENTIVE dA)tRiEil 
S k i l l s  r e q u i r e d  t o  implement, operate, 1 2 3 4 INCENTIVE BARRIER 

A b i l i t y  t o  document energy savings 1 2 3 4 IWENTIVE B A R R I E R  
Improving p u b l i c  awareness o f  energy 1 2 3 4 INCENTIVE B A R R I E R  

and main ta in  

conservat ion 
~- 

6. How impor tant  were each of t h e  f o l l o w i n g  cons idera t ions  i n  t h e  d e c i s i o n  t o  i n s t a l l .  o r  request  
funding f o r ,  s o l a r  water heaters? 

Not an impor tant  Very impor tant  
b a r r i  e r / i  n c e n t i  ve b a r r i e r / i  ncent i  ve 

t o  adopt ion t o  adopt ion C i r c l e  One: 

Savings t o  investment r a t i o  1 2 3 4 I N C E N T I V E  B A R R I E R  
Annual energy savings 1 2 3 4 INCENTIVE BARRIER 
Annual U&M savings ( o r  a d d i t i o n a l  c o s t s )  1 2 3 4 I N C E N T I V E  B A R R I E R  
S tar t -up  and p e r i o d i c  investment costs  1 2 3 4 I N C E N T I V E  BARRIER 
Payback per iod  1 2 3 4 INCENTIVE dARRIER 
E f f o r t  requ i red  t o  o b t a i n  funding 1 2 3 4 i l C E N T  I VE B A R R I E R  
Uncert a i n t  i es 1 2 3 4 IACENTIVE B4RRIER 
A b i l i t y  t o  adopt on t r i a l  bas is  1 2 3 4 INCENTIVE B A R R I E R  
Ski 1 Is requ i red  t o  implement, operate. 1 2 3 4 X E N T I V E  M R R I E R  

Abi 1 i t y  t o  document energy savings 1 2 3 4 ltKE1YTIVE B A R R I E R  
and main ta in  

conserva t ion  
Improving p u b l i c  awareness o f  energy 1 2 3 4 INCENTIVE BARRIER 

C. Have t h e r e  been any problems r e l a t i n g  t o  the i n s t a l l a t i o n ,  maintenance, o r  opera t ion  o f  the  s o l a r  
water heaters  which have l i m i t e d  t h e  amount o f  energy savings r e s u l t i n g  from them? 

0. Any o ther  comments on s o l a r  water heaters? 
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11. Have any h igh  pressure sodium l i g h t s  been i n s t a l l e d  a t  your a c t i v i t y  o r  has funding been requesteti 
f o r  them? YES- NO- 

I f  YES, sk ip  t o  Sect ion B. If NO. complete Sect ion A. 

A.  How impor tan t  were each of the  f o l l o w i n g  cons idera t ions  i n  the  dec is ion  no t  t o  i n s t a l l ,  o r  n o t  t o  
request fund ing  fo r ,  h igh  pressure sodium l i g h t s ?  

Not an impor tan t  W ery mpo r can t 
Daffier/ incent ive sarrrerl i ncen t i  ve 

t u  adopt ion t o  adopt ion C i r c l e  One: 

Savings t o  investment r a t i o  i 2 3 5 :xEmIE d M R { E R  
Annual energy savings I 2 3 4 iNCEN Jl  VE B A R R I E R  
Annual O&W savings (or  a d d i t i o n a l  cos ts )  1 2 3 4 INCENTIVE B A R R I E R  
S tar t -up  and p e r i o d i c  investment costs 1 2 3 4 INCENTIVE BARRIER 
PaybacL p e r i o d  1 2 3 4 INCENTlYE t3AiUtIER 
E f f o r t  r e q u i r e d  t o  o b t a i n  fund ing  1 2 3 4 INCENTIVE 6ARRIEK 

2 3 4 :NCENTIVE r U R R i E i ?  U n c e r t a i n t i e s  1 
A b i l i t y  t o  adopt on t r i a l  bas is  1 2 3 4 INCENTIVE BARRiER 
S k i l l s  r e q u i r e d  t o  implement. operate. 1 2 3 4 INCENTIVE BARRIER 

A b i l i t y  t o  document energy savings 1 2 3 4 IYCENTIVE BARRIER 
Improving p u b l i c  awareness o f  energy 1 2 3 4 INCENTIVE BARRIER 

and main ta in  

conserva t ion  

B. How important were each of t ne  f o l l o w i n g  cons idera t ions  i n  the  d e c i s i o n  t o  i n s t a l l ,  o r  request 
fund ing  fo r ,  h igh  pressure sodium l i g h t s ?  

Not an important Vwy i q o r t a n t  
b a r r ? e r / i n c e n t i v e  barrier1 rncent I ve 

t o  adopt ion t o  adaptloo - t 4 r c l e  One: 

Savings t o  investment r a t i o  1 2 3 4 INCENTIVE BARRIER 
Annual energy savI ngs 1 2 3 4 IYCENTIVE B A R R I E K  
Annual O&M savings ( o r  a d d i t i o n a l  cos ts )  1 2 3 4 INCENTIVE B A R R I E R  
S tar t -up  and p e r i o d i c  investment costs 1 2 3 4 IYCENTIVE BARRIER 
Payback p e r i o d  1 2 3 4 INCENTIVE B A R R I E R  
E f f o r t  r e q u i r e d  t o  o b t a i n  fund ing  1 2 3 4 INCENTIVE dARRIER 
Uncer ta i  n t  i es 1 2 3 4 INCENTIVE B A R R I E R  
A b i l i t y  t o  adopt on t r i a l  bas is  1 2 3 4 IYCENTIVE BARRIER 
S k i l l s  r e q u i r e d  t o  implement, operate, 1 2 3 4 INCENTIVE B A R R I E R  

A b i l i t y  t o  document energy savings 1 2 3 4 1 KEHTi #E 8 W R  E 9  
Improving pub1 i c awareness of energy 1 2 3 4 . XENrI VE BARR1 ER 

and main ta in  

conserva t ion  

C. Have t h e r e  been any problems r e l a t i n g  t o  the i n s t a l l a t i o n .  maintenance, o r  opera t ion  o f  t he  l i g h t s  
which have l i m i t e d  the  amount o f  energy savings r e s u l t i r l g  from them? 

Any o ther  comments on h igh  pressure sodium l i g h t s ?  D. 
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12. Has an enerQy manf to r fng  and con t ro l  system (EMcs) been i n s t a l l e d  a t  your a c t i v i t y  o r  has fund ing  
been requested f o r  one? YES _- NO - 
I f  YES, sk ip  t o  Sect ion 6. I f  No. complete Sect ion A. 

A. How important were each o f  t he  f o l l o u i n g  cons idera t tons  i n  the  d e c i s i o n  no t  t o  i n s t a l l .  o r  no t  t o  
request funding f o r ,  an EMCS? 

Not an important 
b a r r i e r / i n c e n t i v e  

t o  adopt ion 

Savings t o  investment r a t i o  
Annual energy savings 
Annual OLM savings ( o r  add i t i ona l  cos ts )  
S tar t -up  and p e r i o d i c  investment cos ts  
Payback p e r i o d  
E f f o r t  requ i red  t o  o b t a i n  funding 
U n c e r t a f n t i e s  
A b i l i t y  t o  adopt on t r i a l  bas is  
S k i  11s requ i red  t o  implement, operate, 

and main ta in  
A b i l i t y  t o  document energy savings 
Impravi ng pub1 i c  awareness o f  energy 

conservat ion 

1 2 
1 2 
1 2 
1 2 
1 2 
1 2 
1 2 
1 2 
1 2 

1 2 
1 2 

Very important 
b a r r i e r / i n c e n t i v e  

t o  adopt ion C i r c l e  One:-- 

3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 

I NCENTI WE B A R R I E R  
INCENTIVE BARRIER 
INCENTIVE BARRIER 
INCENTIVE BARRIER 
I K E N T I V E  BARRIER 
INCEYTlYE BARRIER 
INCE NT I WE BRRR t ER 
ZNCENTIVE BARRIER 
INCENTIVE BARRIER 

3 4 INCENTIVE BARRIER 
3 4 INCENTIVE BARRiER 

6. How impor tan t  were each o f  the  f o l l o w i n g  cons idera t ions  i n  the  d e c i s i o n  t o  i n s t a l l ,  o r  request 
fund ing  f o r  an EMCS? 

Not an impor tan t  
b a r r i e r / i n c e n t i v e  

t o  adopt ion 

Savings t o  investment r a t i o  1 2 
Annual energy savi  ngs 1 2 
Annual O&M savings ( o r  add i t i ona l  cos ts )  1 2 
S tar t -up  and p e r i o d i c  investment costs 1 2 
Payback p e r i o d  1 2 
E f f o r t  r e q u i r e d  t o  o b t a i n  fund i  ng 1 2 
U n c e r t a i n t i e s  1 2 
A b i l i t y  t o  adopt on t r i a l  bas is  1 2 
Ski 11 s requi  red  t o  implement, operate, 1 2 

A b i l i t y  t o  document energy savings 1 2 
Improving p u b l i c  awareness of energy 1 3 

and main ta in  

conserva t ion  

Very important 
b a r r i e r / i n c e n t i v e  

t o  adopt ion 

3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 

3 4 
3 4 

C i r c l e  

INCENTIVE 
INCENTIVE 
INCENTIVE 
INCENTIVE 
INCENTIVE 
INCENTIVE 
I NCENT I VE 
I N C E N T I V E  
INCENTIVE 

:‘KENTI YE 
IXCENTIYE 

One : 

BARR I ER 
BARRIER 
B A R R I E R  
BARR I ER 
BARRIER 
BARRIER 
BARR I ER 
BARRIER 
BARR I ER 

BARRIER 
BARRIER 

C. Have t h e r e  been any problems r e l a t i n g  t o  the  i n s t a l l a t i o n ,  maintenance, o r  opera t ion  o f  t h e  EMCS 
which have l i m i t e d  the  amount o f  energy savings r e s u l t i n g  from the  system? 

Any o ther  c m e n t s  on EMCS? 0. 
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14. Is t h e r e  another energy COnSerVatlOn a c t t o n  a t  your  a c t i v i t y  a b w t  which you have p a r t f c u l a r  opin- 
ions? YES I tM - 
If YES, name t h e  a c t i o n  and complete Sectton A. NAME: 

A. How important were each o f  t he  f o l l o w i n g  cons idera t ions  i n  the  d e c i s i o n  t o  implement t h i s  energy 
conserva t ion  a c t i o n ?  

Not an impor tan t  Very important 
b d r r i  e r  / i ncen t i ve b a r f  i e r l i n c e n t  i ve 

t o  adopt ion  t o  adopt ion C i r c l e  One: 

Savings t o  investment r a t d o  1 2 3 4 INCENTIVE SARRIER 
Annual energy savings 1 2 3 4 INCENTLVE BARRIER 
Annual O&M savings ( o r  add i t i ona l  cos ts )  1 2 3 4 INCENTIVE BARR1 EH 
Star t -up  and p e r i o d i c  Investment cos ts  1 2 3 4 INCENTIVE BARRIER 
Payback p e r i o d  1 2 3 4 INCENTIVE BARRIER 
E f f o r t  r e q u i r e d  t o  o b t a i n  fund ing  1 2 3 4 INCENTIVE dARR 1 ER 
U n c e r t a i n t i e s  1 2 3 4 INCENTIVE BARRIER 
A b i l i t y  t o  adopt on t r i a l  bas is  1 2 3 4 I NCEHTlVE BARRIER 
S k i l l s  r e q u i r e d  t o  implement, operate, 1 2 3 4 INCENTIVE BARRIER 

Abi 1 i t y  t o  document energy savings 1 2 3 4 I NCENTI WE BARRIER 
Improving p u b l i c  awareness o f  energy 1 2 3 4 I WCEMTI VE BARRIER 

and main ta in  

conserva t ion  

8. Have t h e r e  been any problems r e l a t i n g  t o  i n s t a l l a t i o n .  maintenance, o r  o p e r a t i o n  regarding t h i s  
a c t i o n  which have l l r n i t c d  the  amount of energy savings r e s u l t i n g  from t h e  a c t i o n ?  

C. Any o t h e r  c o m n t s  on t h i s  a c t i o n ?  
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