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ABSTRACT 

A s  may b e  noted by t h e  t i t l e .  t h i s  is  a  d e t a i l e d  s t u d y  of t h e  energy consumption of t h i s  b u i l d i n g .  It  
d e a l s  i n  t h e  r e a l  world of a c t u a l  energy u t i l i z a t i o n  and i t  concludes w i t h  a  "How To" approach t o  reduce and/ 
o r  c o n t r o l  t h e  amount of  energy used, cmmensura te  w i t h  t h e  p r a c t i c a l i t y  oE t h e  day t o  day o p e r a t i o n  O C  the 
s t r u c t u r e .  I t  a l s o  recognizes  t h e  a b s o l u t e  need t o  r e s p e c t  t h e  f a c t  t h a t  t h e  most impor tan t  a s p e c t  of any 
recommended changes is how they  w i l l  a f f e c t  t h e  occupants  of t h e  b u i l d i n g  i n  t h e i r  working c o n d i t i o n s ,  a s  wel l  
a s  t h e i r  h e a l t h  and s a f e t y .  

INVESTIGATIVE STATEMENT 

C i t y  H a l l  i s  a 61,500 square  f o o t ,  masonry 
b u i l d i n g  approximately t e n  y e a r s  o l d .  The b u i l d i n g  
is  sound and should b e  of s e r v i c e  ano ther  twenty 
years .  The b u i l d i n g  u s e s  energy t o  p rov ide  HVAC, 
l i g h t i n g ,  ho t  wate r ,  communications and b u s i n e s s  ma- 
c h i n e  power. 

I n  t h e  t r a n s m i t t a l  l e t t e r  t o  t h e  c i t y  manager, 
c r e d i t  was given t o  numerous p r i v a t e  companies f o r  
t h e i r  a s s i s t a n c e  i n  compil ing t h e  a c t u a l  methodol- 
ogy used i n  t h e  recommended improvements. I cannot  
s t r e s s  t o o  h i g h l y  t h e  importance of involv ing  ou t -  
s i d e  vendors  and maintenance and o p e r a t i n g  person- 
n e l  a t  t h e  o n s e t  of any major s tudy .  The i r  e x p e r i -  
ence f a c t o r s ,  weighed, r e p r e s e n t  a n  a s s e t  t o  t h e  en- 
g ineer ing  f i r m  t h a t  w i I l  be  p o s i t i v e l y  r e f l e c t e d  i n  
t h e  f i n a l  a n a l y s i s  of t h e  problem and some o f  t h e  
s o l u t i o n s .  We s t a r t e d  t h e  s t u d y  i n  a meet ing w i t h  
Mr. J a c k  Brown, who was t h e i r  energy c o o r d i n a t o r  
and is a  C e r t i f i e d  Energy Auditor ,  p l u s  s e v e r a l  de- 
partment heads and a t  t h i s  time, we d i s c u s s e d  what 
r e w e r e  t h e r e  f o r  - and what our  method of proce- 
d u r e  would be. I am i n c l u d i n g  t h i s  in format ion  t o  
stress t h e  a b s o l u t e  importance of involv ing  t h e  v a r -  
i o u s  departments  and i n d i v i d u a l s  s o  they  would n o t  
f e e l  t h a t  e group of  "outsiders1 '  was coming i n  t o  
c r i t i c i z e  and o therwise  f a u l t  them, bu t  r a t h e r  t h a t  
we were t h e r e  t o  a s s i s t  i n  reduc ing  t h e i r  o v e r a l l  
o p e r a t i n g  c o s t s  and t a  b u i l d  i n  an o p e r a t i n g  system 
which would be  more p r a c t i c a l  and comfor tab le  a s  
w e l l .  

PRELIMINARY ENERGY AUDIT 

We began t h e  s t u d y  by conduct ing a  Pre l iminary  
Energy Audit (PEA) which r e s u l t e d  i n  e s t a b l i s h i n g  
(1) t h e  Energy U t i l i z a t i o n  Index (E.u.I.) i n  BTU/ 
square  f o o t / ~ e a r ,  ( 2 )  t h e  Energy Cost  Index 
(E.C.I.) i n  $ / square  f o o t / y e a r ,  and (3) b u i l d i n g  
energy saving p o t e n t i a l ,  we igh t ing  f a c t o r  (W.F.) . 

The form used was developed by DOE f o r  u s e  by C e r t i -  
f  i e d  Energy A u d i t o r s  and Engineers ,  and should b e  
used by t r a i n e d  personne l  t o  avoid problems down 
stream, a s  t h e  PEA i s  t h e  founda t ion  f o r  t h e  e n t i r e  
s t u d y  and accuracy  is a  must,  

I w i l l  no t  presume t o  a c t  a s  an a u d i t o r  i n s t r u c -  
t o r ,  b u t  w i l l  r a t h e r  p rov ide  form names, e t c . ,  and 
l e t  each i n d i v i d u a l  make t h e i r  d e t e r m i n a t i o n  a s  t o  
whether  they a r e  q u a l i f i e d  t o  perform t h i s  PEA and 
t h e  Energy Audit  ( E . A . )  which fol lowed.  

Our f i r s t  move was t o  s e c u r e  t h e  p l a n s  and 
s p e c s  of  t h e  s t r u c t u r e ,  and work w i t h  t h e  C i t y  En- 
g i n e e r i n g  S t a f f  t o  e n s u r e  t h a t  t h e  drawings,  e t c . ,  
were indeed "as  b u i l t 1 '  and q u i e t l y  a t t e m p t  t o  a s c e r -  
t a i n  i f  they knew of any problems w i t h  t h e  systems 
and i f  t h e r e  were t o  b e  a n t i c i p a t e d  f u t u r e  expan- 
s i o n s ,  p a r t i c u l a r l y  i n  t h e  EDP f i e l d  t h a t  would a f -  
f e c t  our  f i n a l  recommendations. We e s t a b l i s h e d  an 
o p e r a t i n g  b a s e  i n  q u a r t e r s  fu rn i shed  by t h e  c i t y  
w i t h i n  t h e  s u b j e c t  b u i l d i n g  and s t a r t e d  t h e  i n v c s t i -  
t a t i o n  by  beg inn ing  t o  amass t h e  d a t a  we r e q u i r e d  t o  
de te rmine  t h e  problem a r e a s  and where ECM's could be  
implemented. 

The f i r s t  walk through o f f e r e d  no g r e a t  s u r -  
p r i s e s ,  o t h e r  than  t h e  d i s c o v e r y  of  a n  almost  com- 
p I e t e  l a c k  of  wate r  t r e a t m e n t  equipment and no t e s t -  
i n g  methods. nor  r e c o r d s ,  y e t  t h e  b o r e  b rushes  used 
to c l e a n  t h e  t u b e s  r e r e  c a r e f u l l y  racked and had 
obvious ly  been used w e l l ,  and f r e q u e n t l y .  

THE AUDIT 

The nex t  s t e p  was t o  review t h e  PEA and begin t o  
make f i r s t  c u t  d e t e r m i n a t i o n  a s  t o  what was needed t o  
b e  done t o  reduce  energy consumption through ECM's 
and M & 0 procedures  wi thout  regard  t o  c o s t  o r  de- 
g r e e  of e f f e c t i v e n e s s .  Once t h e s e  i t e m s  were i d e n t -  
i f i e d ,  they were placed i n  two o r d e r s ;  one, c o s t  e f -  
f e c t i v e n e s s  and two, a c t u a l  energy r e d u c t i o n .  Weiglit- 
i n g  f a c t o r s ,  such a s  p e r s o n a l  comfort ,  d i r e c t  d o l l a r  
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c o s t ,  r e t u r n  on investment ,  t ime,  and g e n e r a l  prac- 
t i c a l i t y  were among t h e  c r i t e r i a  used f o r  o f i n a l  
s e l e c t i o n  and we then met wi th  v a r i o u s  department 
heads t o  determine manpower c a p a b i l i t y  and a v a i l a b i l -  
i t y  t o  i n c o r p o r a t e  t h e  maintenance and o p e r a t i n g  pro- 
cedures  and what, i f  any, t r a i n i n g  programs might 
need t o  be  i n s t i t u t e d  i f  t h e s e  M & 0's were imple-  
mented. The Energy Audit (E.A.) was begun a t  t h i s  
time and wi th  t h e  a t t e n d a n t  in format ion  developed 
through t h e  a u d i t ,  we were a b l e  t o  make f i n a l  recom- 
mendations t o  t h e  c l i e n t .  

It was determined t h a t  two maintenance and oper- 
a t i n g  procedures should be  implemented. These a r e  
l i g h t i n g  m o d i f i c a t i o n s  and c h i l l e d  wate r  t rea tment .  
Most l i g h t i n g  changes should be  performed on a  nat-  
u r a l  a t t r i t i o n  b a s i s  s o  a s  t o  minimize cos t .  The 
c h i l l e d  water  t rea tment  w i l l  clean-up t h e  e x i s t i n g  
p ip ing  loops,  h e a t  exchangers  and cool ing  tower. 
Two energy conserva t ion  measures have been i d e n t i -  
f i e d .  The a b s o r p t i o n  c h i l l e r  system should be  re -  
placed w i t h  a  c e n t r i f u g a l  l i q u i d  c h i l l e r .  The ab- 
s o r p t i o n  machine was a  wise  cho ice  i n  1970, bu t  i t s  
cont inued o p e r a t i o n  under 1980 economics is proh ib i -  
t i v e .  Even g r e a t e r  HVAC sav ings  a r e  a v a i l a b l e  

through t h e  m o t i f i c a t i o n  of t h e  c o n t r o l  system. This  
w i l l  e l i m i n a t e  t h e  c o o l ,  then r e h e a t  mode of o p e r a t i o n  
p r e s e n t l y  used.  

T h i s  b u i l d i n g  o f f e r s  l i t t l e  p o t e n t i a l  f o r  conver- 
s i o n  t o  renewable r e s o u r c e s  ( p r i m a r i l y  s o l a r ) .  How- 
e v e r ,  no codes nor o rd inances  a r e  known t o  e x i s t  
which would i n h i b i t  t h e  i n s t a l l a t i o n  of  renewable en- 
e rgy  equipment. 

The recomnended energy conserva t ion  program i s  
a t t r a c t i v e  from t h e  s t a n d p o i n t s  of  bo th  energy and 
economics. A s imple payback o c c u r s  a t  3.65 years .  
When an energy e s c a l a t i o n  r a t e  of 15% is appl.ied t o  
t h e  saved energy,  t h e  program c o s t  of  $279,519 saves  
t h e  C i t y  of  Po-.-t Ar thur  n e a r l y  $1,800,000 d u r i n g  t h e  
f i r s t  t e n  y e a r s  of o p e r a t i o n .  Continued energy sav- 
ings  accumulate  a t  a n  annua l  r a t e  i n  excess  of 127% 
of i n i t i a l  investment .  

The f o l l o v i n g  graphs and c h a r t s  r e f l e c t  t h e  
f i n d i n g s  and a r e  included t o  demons t ra te  g r a p h i c a l l y  
how much can be  saved through s e n s i b l e  energy conserva- 
t i o n .  Data s h e e t s  cover ing  t h e  s p e c i f i c  a r e a  a r e  in-  
c luded a t  t h e  s p p r o p r i a t e  p o i n t s  and comments w i l l  
conclude t h e  a n a l y s i s  of  t h i s  s t u d y .  

ENERGY CONSERVATION PROGRAM 

Building Area i n  Gross Square F e e t :  61.,500 

CURRENT 38,178 
CONSUMPTION 620,780 129,318 

M b 0  SAVINGS 1,408 I X 106 

CONSUMPTION 
FOLLOWING 
M&O SAVINGS 

ECM SAVINGS 

CONSUMPTION 
FOLLOWING 
RECOMMENDED 
ECM IMPLE- 
MENTATION 

COST/BENEFIT: 
Simple Payback .$ 279.519 ( T o t a l  Implementation Cost) _ 3 - 6 5  (Years 

$ 76.531 ( T o t a l  Annual Energy Cc,st Savings)  - 

GRAND TOTAL 16,183 
SAVINGS 1 x  lo6  263.138 
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CUMULATIVE SAVINGS PROJECTION 

Y e a r s  

BUILDING OPERATING CHARACTERISTICS 

1. PRELIMINARY ENERGY AUDIT (PEA): 

a .  Energy Utilization I n d e x  (E.U.I.) i n  BTU/ 
S q u a r e  Foot /Year :  620 ,780  

b. Energy Cos t  Index  (E.C.I.) i n  $ /Square  F o o t /  
Year:  $2.10 

c .  B u i l d i n g  Energy Sav ing  P o t e n t i a l ,  Weighing 
F a c t o r  ( w . F . ) :  85 

2. ENERGY AUDIT (EA) : 

a .  Metered B u i l d i n g :  P e r c e n t  s a v i n g s  o f  e n e r g y  
from c u r r e n t  Main tenance  and O p e r a t i n g  Ener- 
g y  C o n s e r v a t i o n  P rocedures :  12.6 % 

3. SYSTEM DESCRIPTION: 

a. VENTILATING SYSTEMS: V e n t i l a t i o n  o f  t h i s  
b u i l d i n g  is a  f a i r l y  e t r a i g h t f o r w a r d  s y s t e m  
comprised o f  r o o f  and w a l l  mounted f e n s  t o  
h a n d l e  rest room and k i t c h e n  e x h a u s t .  The 
sys t em a p p e a r s  to o p e r a t e  i n  a s a t i s f a c t o r y  
manner commensurate w i t h  b u i l d i n g  needs  and 
is i n  good o p e r a t i n g  c o n d i t i o n .  With p e r i -  
o d i c  c l e a n i n g  end r o u t i n e  p r e v e n t a t i v e  main- 
t e n a n c e ,  t h e  s y s t e m  ehou ld  meet f o r e s e e a b l e  
f u t u r e  r e q u i r e m e n t s .  

b. HEATING S Y ' :  B o i l e r  c u r r e n t l y  i n t e r f a c e d  
w i t h  t h e  200-ton a b s o r p t i o n  c h i l l e r  w i l l  
c o n t i n u e  t o  be  used f o r  h e a t i n g .  

a t  1 P r e s e n t  

COOLING SYSTEM: Recommend r e p l a c i n g  t h e  200- 
t o n  a b s o r p t i o n  c h i l l e r  w i t h  a c e n t r i f u g a l  
c h i l l e r  . 
LIGHTING SYSTEM: L i g h t i n g  i s  p r i m a r i l y  f l u o r -  
e s c e n t  w i t h  t h e  n o t a b l e  e x c e p t i o n  o f  c o u n c i l  
chamber f i f t h  f l o o r  a r e a  and c e r t a i n  a r e a s  o f  
t h e  f o u r t h  f l o o r ,  which a r e  i n c a n d e s c e n t .  By 
f o l l o w i n g  recommended change  o u t  t o  h i g h  e f -  
f i c i e n c y  lamps and b a l l a s t s  o f  t h e  f l u o r e s c e n t  
f i x t u r e s ,  and lamp s t y l e  m o d i f i c a t i o n s  t o  t h e  i n -  
c a n d e s c e n t  f i x t u r e s  s h o u l d  n o t  o n l y  r e s u l t  i n  
r e d u c t i o n  o f  o v e r a l l  o p e r a t i n g  c o s t s  b u t  w i l l  
n o t  a d v e r s e l y  a f f e c t  t h e  l i g h t  q u a l i t y  through-  
o u t  t h e  b u i l d i n g .  
AIR AND WATER DISTRIBUTION SYSTEM: By a d d i t i o n  
o f  s u p p l e m e n t a l  d o m e s t i c  h o t  w a t e r  h e a t i n g ,  
b r o u g h t  a b o u t  by c h a n g i n g  t h e  h e a t i n g  and c o o l -  
i n g  method recommended i n  t h i s  r e p o r t ,  we c a n  
t i e  i n t o  t h e  e x i s t i n g  c i r c u l a t i o n  s y s t e m  w i t h  a  
minimum o f  i n i t i a l  expense  and w i t h  c o n s i d e r a b l e  
o p e r a t i n g  and m a i n t e n a n c e  c o s t  s a v i n g s  i n  t h e  
f u t u r e .  The e x i s t i n g  f a n  c o i l  a i r  d i s t r i b u t i o n  
sys t em is a d e q u a t e  b u t  needs  t o  b e  c l e a n e d  and 
p r o p e r l y  m a i n t a i n e d ,  p a r t i c u l a r l y  i n  t h e  c o n t r o l  
and f i l t e r  a r e a s .  
CENTRAL PLANT: The s y s t e m  a s  i t  now s t a n d s  and 
t h e  recommended change  o u t  is  cove red  i n  Pa ra -  
g r a p h s  b  & c  o f  t h i s  s e c t i o n .  
PROCESS SYSTEMS: EDP equipment  is now f u n c t i o n -  
i n g  on t h e  e x i s t i n g  s y s t e m ,  and u n l e s s  f u t u r e  
e x p a n s i o n  o r  c o n v e r s i o n  d i c t a t e s  a  need f o r  sup- 
p l e m e n t a l  c o o l i n g  a n d / o r  h e a t i n g ,  t h e r e  a p p e a r s  
t o  b e  no need f o r  a d d i t i o n a l  o r  s u p p l e m e n t a l  
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zquipment at this time. 

ZSTIMATED REMAINING USEFUL LIFE OF BUILDING: 20 Years. 

CURRENT ENERGY CONSUMPTlON RECAP- 

For.prior 12-month period beginning September, 1979 and ending August, 1980 

TOTAL CURRENT 
BTU PER COST OF 1 ENERGY 1 
S.F./YR. I3NERGY ($1 COST RATES 

FUEL UNITS BTU' s 
PURCHASED ANNUAL 
ANNUAL TOTAL TOTAL 

13,341 
1,150,080 x lo6 

24.113 24,837 
x 106 

ENERGY 

Natural Gas 

ANNUAL TOTALS I 
TABULATION OF SYSTEMS ENERGY CONSUMPTIOJ 

Far Period September, 1979 to August, 1980 

Totals 
Each System 

BTU PER 

Natural 
Gas 

Other 
Fuels 

Pur. 'Chermal 

Stm1H.W Ch.Wtr. 

BTU 
(E-1 

-- 

-- 

MCF BTU 
(EA) (EA) 

4,838 4,983 -- 
18,771 19,334 -- 

SYSTEM 

HEATING 

I COOLING (I) I -- I __ 
AIR DISTRIBUTION (252,000 1 2,923 

1 WATER DISTRIBUTION 
DOH. HOT WATER 

LIGHTING 

1 ELEVATORS 

msc. USES 6 
EQUIP. (2) 

OTHER 

ANNUAL CALCUL' 1,150,080 
TOTALS (3) 13,341 

ANNUAL METERED 1,150,080 
TOTALS (3) 1 13,341 

BUILDING GROSS AREA: 61,500 (1) Include refrigeration, cooling tower 6 cond. wtr. pumps 
(2) Limit to less than 5% of total. 

BTU/SQUARE FOOTIYEAR: 620,780 (3) Annual calculated totals should equal annual metered 
totals by reconciling any degree day variations and by 
accounting for reheat, distribution losses, etc. 

(4) E- denotes exponential value. 
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MATNTENANCE AND OPERATING PROCEDURES 

M&O IMPLEMENTATION RECAP 1 
Estimated energy consumption for prior 12 month period beginning September, 1979, and ending 
August, 1980, assuming all Energy Conservation, Maintenance and Operating Procedures have 
been implemented. 

ENERGY 
SOURCE 

Electricity 

I ANNUAL TOTALS 
Natural Gas 

M&O 
NO. 

- 
FUEL UNITS 
ESTIMATED 

ANNUAL TOTAL 

1,028,701 

TOTALS 

24,113 

APPLICABLE MAINTENANCE AND OPERATING PROCEDURES --- M&Z procedures plus energy conservation measures with 

BTU'S 
ANNUAL 
TOTAL 

11,933 
x 106 

less than one year simple 
I 

24,837 
x 106 

SAVINGS 
TITLE I MMBTU/YEAR 

BTU PER 
SQ.FT/YEAR 

194,033 

Lighting 
Modification 105 

403,854 

Water 
Treatment 
Program 1,303 

1,408 

TOTAL 
COST OF 
ENERGY ($) 

31,594 

payback. 

ENERGY 
COST 

SAVINGS ($ )  

7,518 

90,206 

SAVINGS 
$/YEAR COSTS YEARS 

- 0- 

MAINTENANCE & OPERATING PROCEDURES @GO DATA) 

a. M&O NUMBER 1 M&O TITLE: Lighting Modifications 

b. M&O PROCEDURE DESCRIPTION: (Provide complete description of 
Procedure. Enlarge length of marrative when required). 

Lighting should be modified as called for in Appendix 
A-3, Lighting Detail. 

C .  COST/BENEFIT: 
( I )  SIMPLE PAYBACK 

Savings MMBTU/Year: 105 
Savings/~ear: $3,696 
Implementation Cost: $3.332 
Payback: 0.9 Years 

MAINTENANCE & OPERATING PROCEDURES (M&0 DATA) 

a. M&O NUMBER: 2 M&O TITLE: Water Treatment Program 

b. M&O PROCEDURE DESCRIPTION: (Provide complete description of 
Procedure. Enlarge length of narrative when required). 

Install metering system to introduce balanced chemistry 
into the chilled and hot water piping loops to reduce 
or eleminate scale, corrosion, and other build ups with- 
in each system. Follow the same procedures in the cool- 
ing tower loop. Provide test lab set up for monitoring 
the overall chemistry, 
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C. COST/BENEFIT: 
(1)SIMPLE BACKBACK 

Savings MMBTUIYear : I, 303 - 
Savings/Year : 3,822 
Implementation Cost: 2.812 
Payback: -- 0 . 7  Years 

SOLAR ENERCY*ERSION POTENTIAL - 

DESCRIPTION: (Evaluation of the building's potential for solar 
conversion, particularly for water heating systems, including 
site adaptability, potential use of solar energy, reduction in 
non-renewable energy source use. Enlarge length c,f narrative 
when required). 

This building offers little potential for conversion to 
renewable energy resources (primarily solar). The mix- 
ture of multi-story sections would prevent the pl.acing 
of an effectively sized collector field. 

CODES AND ORDINANCE RESTRICTIONS: (Provide a listing of any known 
local zoning ordinances and building codes which nay restrict the 
installation of solar systems. Enlarge length of narrative when re- 
quired). 

No codes nor ordinances are known to exist which would inhibit 
the installation of renewable energy equipment. 

ENERGY CONSERVATION MEASURES 

[Assume that all savings from M&O procedures have been realized) 

I APPLICABLE ENERGY CONSERVATION MEASURES 

(With 1.0 to 15.0 Year Simple Payback) 

I 1 I 1 
IMF'L . 

TITLE MMBTU/'JR . 

I l l  Chiller 
Replacement I 210,000 1 55,036 1 10,636 

1 TOTALS ( -- 1 273,375 ( 69.013 1 14,774 

2 

PAY BACK 
YEARS I 

HVAC Control 
System Modi- 
f ication ,63,375 13,977 4,138 - - 

I ENERGY CONSERVATION MEASURE IMPLEMENTATION RECAP I 
Estimated energy consumption for prior 12 month period beginning September, 1979 
and ending August, 1980, assuming all Recommended Energy Conservation Measures 
have been implemented, and the building is operating at optimum performance. 

ENERGY 
SOURCE 

Electricity 

Natural Gas 

ANNUAL TOTALS 

FUEL UNITS 
ESTIMATED 

ANNUAL TOTAL 

1,507,741 

4,374 

- - 

BTU'S 
ANNUAL 
TOTAL 

17,490 

4,505 

21,995 

BTU PER 
SQ.FT. /YEAR 

284,390 

73,252 

357,642 

TOTAL 
COST OF 
ENERGY ($) 

48,840 

3,947 

52,787 

ENERGY 
COST 

SAVINGS ( $ )  

17,246 

86,259 

69,013 
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ENERGY CONSERVATION MEASURE (ECM) DATA ---- 
(Complete one t h u s  f o r  each ECM) 

ECM NUMBER 1 ECM TITLE: - - C h i l l e r  R e p l a c e m n  

ECM CATEGORY: 

- Building Load D i s t r i b u t i o n  Load 
X Equipment Load -Solar - 
- Other  Renewable Energy Resource 
I f  "Other," d e s c r i b e -  

ECM DESCRIPTION: [Provide complete d e s c r i p t i o n  o f  
ECM proposed. Tnclude ske tches  f o r  c l a r i t y  where 
a p p l i c a b l e .  Enlarge l e n g t h  of n a r r a t i v e  a s  re-  
q u i r e d ) .  

Replace e n t i r e  a b s o r p t i o n  c h i l l e r  system w i t h  
a  c e n t r i f u g a l  l i q u i d  c h i l l e r  such a s  a  C a r r i e r  
19DH (200 cons). Continue t o  use  a l l  d i s t r i -  
b u t i o n  systems, c h i l l e d  w a t e r  pumps, c o o l i n g  
water  pumps and cool ing  tower. Continue t o  
use  e x i s t i n g  b o i l e r  f o r  h e a t i n g .  Leave absorp- 
t i o n  machine i n  p lace  ( save  removal c o s t s ) .  

ECM IMPLEMENTATION COST ESTIMATE: 

1. P r o f e s s i o n a l  s e r v i c e s  f o r  des ign  
and a d m i n i s t r a t i o n *  $ -- 

2.  Equipment ( i n s t a l l e d )  $ 140,000 
3. M a t e r i a l  ( e l e c .  i n s t a l l e d )  $ 70,000 
4. I n s t a l l a t i o n  Labor S -- 
5. T o t a l  $210,000 

ECM SAVINGS: I n d i c a t e  e s t i m a t e s  of  annual  energy 
sav ings  and energy c o s t  s a v i n g s  by f u e l  type t o  
be r e a l i z e d  by t h i s  ECM, us ing  CURRENT energy 
p r i c e s .  Assume t h a t  a l l  energy s a v i n g s  ob ta ined  
from energy conserva t ion  maintenance and opera- 
t i o n  procedures have a l r e a d y  been r e a l i z e d .  

Annual Energy Savings - 8,698 BTU E l e c t r i c i t y  
19.334 BTU Natura l  Gas 

T o t a l  Annual Energy Savings 10.636 BTU 

Annual Energy Cost Savings $- 26,993 E l e c t r i c i t y  
$ 82,029 Natura l  Gas 

T o t a l  Annual Cost  Savings $ 55,036 

COSTIBENEFIT ANALYSIS 

(1) Simple Payback 
$210,000 ( T o t a l  ECM Implementation Cost)  
$ 55,036 ( T o t a l  Annual Energy Cost Savings)  

e q u a l s  = Y e a r s  Payback 

(2) L i f e  Cycle Cost  (LCC) methodology s h a l l  be  
used h e r e  when r e q u i r e d  by t h e  Texas S t a t e  
Plan. 

ECM DEPENDENCY ON OTHERS OR INCREMENTAL COST DATA: 
I d e n t i f y  and d e s c r i b e  how i t  i s  dependent o r  t h e  
manner i n  vh ich  ECM f e a s i b i l i t y  is p h y s i c a l l y  de- 
pendent on one o r  more of t h e  recommended ECMs. 
I n d i c a t e  ECMs t h a t  have an "Incremental"  va lue .  
For i n s t a n c e ,  t h e  increased  c o s t s  i n c u r r e d  by 
t h e  a d d i t i o n  o f  energy sav ing  d e v i c e s  o r  equip- 
ment i n  t h e  c a s e  of replacements  (windows, a i r  
systems, e t c . )  w i l l  b e  cons idered  t o  be  j u s t i -  
f i a b l e  energy c o n s e r v a t i o n  measures. That por- 
t i o n  of  t h e  t o t a l  c o s t s  which ach ieves  energy 
sav ings  o n l y  can  be  cons idered  a s  an ECM and pay- 
back j u s t i f i e d  on t h e  b a s i s  of incrementa l  c o s t  
a lone .  (Enlarge l e n g t h  of  t h i s  space  f o r  t h e  
n a r r a t i v e ) .  

None 

ECM USEFUL LIFE ESTIMATE: 20 Years 

ECM IMPACT ON ANNUAL COSTS OF MAINTENANCE AND OP- 
ERATION: -- 

$ - p e r  y e a r  i n c r e a s e  
$ - p e r  y e a r  decrease  

X $ -  same c o s t s ,  no charge 

ECM SALVAGE/DISPOSAL C S :  -- 
I n d i c a t e  $ s a l v a g e  v a l u e ,  OR $- 
d i s p o s a l  c o s t s ,  OR X no r e s i d u a l  c o s t s  a t  
end of  t h e  u s e f u l  ECM l i f e .  

CALCULATIONS: I n d e n t i f y  s o u r c e ( s )  f o r  procedures 
used i n  c a - c u l a t i n g  energy and energy c o s t  savinjis 
f o r  ECMrs S t a t e  o f T e x n s  - EnergytAuditor  

T r a i n i n g  TI Manual 

ENERGY CONSERVATION _MEASURE @CM) DATA- - -- 
(Complete one t h u s  f o r  each ECM) 

ECM NUMBER: 2 ECM TITLE: 
Modi f ica t ions  --- 

ECM CATEGORY: 
Bui ld ing  Load-X-Distr ibut ion Load--Equip. Load - 
- S o l a r  _-Other Renewable Energy Resource 
I f  "Other," descr ibe--  

ECM DESCRIPTION: (Prov ide  complete  d e s c r i p t i o n  of  
ECM proposed. I n c l u d e  s k e t c h e s  f o r  c l a r i t y  where 
a p p l i c a b l e .  Enlarge l e n g t h  of n a r r a t i v e  a s  re-  
q u i r e d ) .  

Modi f ica t ion  o f  t h e  c o n t r o l  sequence a t  t h e  in- 
d i v i d u a l  a i r  h a n d l e r s ,  s o  a s  t o  s e t  t h e  u n i t  
t o  h e a t  o r  c o o l .  P r e s e n t l y  t h e  system o p e r a t e s  
on a  coo l  and r e h e a t  program. T h i s  modifica- 
t i o n  should be  performed by a  c o n t r o l  manufac- 
t u r e r  such a s  Honeywell, on a  n e g o t i a t e d  b a s i s .  

ECM IMPLEMENTATION COST ESTTMATJ: 
1. P r o f e s s i o n a l  s e r v i c e s  f o r  des ign  

and a d m i n i s t r a t i o n *  $ --- 
2 .  Equipment $ 63,375 ( i n s t a l l e d )  
3. M a t e r i a l  $ --- 
4. I n s t a l l a t i o n  Labor $ --- 
5. T o t a l  $ 63,375 

ECM SAVINGS: I n d i c a t e  e s t i m a t e s  o f  annual  energy 
s a v i n g s  and energy c o s t  s a v i n g s  by f u e l  type  t o  
be r e a l i z e d  by t h i s  ECM, us ing  CURRENT e n e r g  
p r i c e s .  Assume t h a t  a l l  energy s a v i n g s  ob ta ined  
from energy c o n s e r v a t i o n  maintenance and opera-  
t i o n  procedures have a l r e a d y  been r e a l i z e d .  

Annual Energy Savings:  3,141 BTU E l e c t r i c i t y  
997 BTU Natura l  Gas 

T o t a l  Annual Energy Savings 4,138 x lo6 BTU 

Annual Energy Cost Savings:  $9.747 E l e c t r i c i t y  

T o t a l  Annual Cost Savings:  $13,977 

COST/BENEFIT ANALYSIS 
(1) Simp1.e Payback 

$63,375 ( T o t a l  ECM Implementation- Cost  - 
$13.977 ( T o t a l  Annual Energy Cost Savings)  

e q u a l s  20 Y e a r s  Payback. 

(2)  L i f e  Cycle Cost  (LCC) methodology s h a l l  be 
used h e r x e n  r e q u i r e d  by t h e  Texns S t a t e  
P lan .  

ECM DEPENDENCY ON OTHERS OR INCREMENTAL COX-DATA: 
I d e n t i f y  and d e s c r i b e  how i t  i s  dependent o r  t h e  
manner i n  which ECM feasibility is p h y s i c a l l y  de- 
pendent on one o r  more of  t h e  recommended ECMs.  
I n d i c a t e  ECMs t h a t  have an "Incremental"  v a l u e .  
For  i n s t a n c e ,  t h e  i n c r e a s e d  c o s t s  i n c u r r e d  by t h e  
addPtion of  energy sav ing  d e v i c e s  o r  equipment i n  
t h e  c a s e  of  rep lacements  (windows, a i r  systems,  
e t c . )  w i l l  be  cons idered  t o  be j u s t i f i a b l e  energy 
c o n s e r v a t i o n  measures. That p o r t i o n  of t h e  t o t a l  

*Adminis t ra t ion  r e f e r s  t o  p r o j e c t  s u p e r v i s i o n .  
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c o s t s  which ach ieves  energy sav ings  o n l y  can b e  con- 
s i d e r e d  a s  an ECM and payback j u s t i f i e d  on t h e  b a s i s  
of incremental  c o s t  a lone .  (Enlarge l e n g t h  o f  t h i s  
space f o r  t h e  n a r r a t i v e ) .  NONE 

ECM USEFUL LIFE ESTIMATE: 20 Years 

ECM IMPACT ON ANNUAL COSTS OF MAINTENANCE AND 
OPERATION: $ p e r  year  i n c r e a s e  

$ p e r  year  d e c r e a s e  
$ X same c o s t s ,  no charge 

ECM SALVAGEIDISPOSAL COSTS: 
I n d i c a t e  $ sa lvage  va lue ,  $ 
d i s p o s a l  c o s t s ,  OR X no r e s i d u a l  c o s t s  
a t  t h e  end of  t h e  u s e f u l  ECM l i f e .  

CALCULATIONS: I d e n t i f y  s o u r c e ( s )  f o r  procedures 
used i n  c a l c u l a t i n g  energy and energy c o s t  
s a v i n g s  f o r  E C M ' s  S t a t e  of  Texas - 

Energy Auditor  T r a i n i n g  I1 Manual. 

CONCLUSIONS AND COMMENTS 

T h i s  b u i l d i n g  c o n s t i t u t e s  a  c l a s s i c  example 
of what can happen t o  a  b u i l d i n g  which was o r i g -  
i n a l l y  w e l l  designed,  w e l l  c o n s t r u c t e d  and main- 
t a i n e d ,  bu t  s o  g r a d u a l l y  became c o s t  i n e f f e c t i v e ,  
and energy i n e f f i c i e n t  t h a t  t h e  owners were no t  
aware of  t h e  p o t e n t i a l  f o r  s a v i n g s  due t o  modern 
technology. 

The i n v e s t i g a t i v e  d o l l a r s  and r e t r o f i t  c o s t s  
i n  t h i s  c a s e  r e s u l t e d  i n  a  s a v i n g s  of 59.2 % p e r  
annum t h e  f i r s t  year  and a s  noted on t h e  g r a p h i c  
p r e s e n t a t i o n s .  v i l l  indeed r e s u l t  i n  s u b s t a n t i a l  
sav ings  dur ing  t h e  a n t i c i p a t e d  l i f e  of t h e  equip- 
ment. There is no  lack Box" magic t o  good en- 
ergy u t i l i z a t i o n ,  on ly  a p p l i e d  common s e n s e  and 
good r e s e a r c h ,  combined w i t h  communication with- 
i n  t h e  i n d u s t r y l u s e r  framework. 

GLOSSARY OF TERMS 
( a s  they  occur  w i t h i n  t h e  t e x t )  

E.U.I.: 

E.C.I.:  

W.F.: 

D.O.E.: 

P.E.A. : 

E.A. : 

E.D.P.: 

E.C.M.: 

M & 0: 

BTU : 

KWH : 

MCF : 

Energy U t i l i z a t i o n  Index 
~ T l J l s q  . f t / y e a r  

Energy Cost  Index 
$ l s q . f t . I y e a r  

Wetghting F a c t o r  

Department of  Energy (Federa l )  

P r d i m i n a r y  Energy Audit 

Encrgy Audit 

E l x t r o n i c  Data Process ing  (Equipment) 

Enzrgy Conservat ion Measure 

Maintenance and Opera t ing  Procedure 

B r i t i s h  Thermal Unit  

Ki lowat t  Hour 

100 c u b i c  f o o t l p e r  hour  

CONVERSION FACTORS: 

E l e c t r i c a l :  
Na tura l  Gas: 
112 011: 
116 O i l :  
Butane/Propane: 
Coal: 
Steam: 
Hat Water: 
C h i l l e d  Water: 
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