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PREFACE 

More than one-quarter of t he  energy consumed i n  the  United S t a t e s  
i s  used to  hea t  and cool bu i ld ings  and t o  hea t  s e r v i c e  water .  Approximately 
83% of  the  energy f o r  these  s e r v i c e s  i s  suppl ied from na tu ra l  gas  and o i l .  
Recognition of the  need t o  conserve t he se  and o t h e r  n a t u r a l  resources  has  
been spur red ,  i n  l a r g e  p a r t ,  by t he  o i l  embargo of  1973 and subsequent e sca l a -  
t i on  i n  f u e l  p r i c e s ,  by energy sho r t ages ,  by i nc reas ing  e l e c t r i c i t y  "brown- 
ou ts"  i n  urban c e n t e r s ,  and by the  c r i p p l i n g  e f f e c t s  of l abo r  s t r i k e s  and 
s toppages i n  the  energy supply i n d u s t r i e s .  In  r ecen t  y e a r s ,  development and 
acceptance of energy conserving systems which avoid dependence on sca rce  o r  
i n t e r r u p t i b l e  f u e l s  has  increased markedly both i n  t he  United S t a t e s  and 
abroad. 

In t eg ra t ed  community energy systems (ICES) a r e  a  comprehensive approach 
t o  i nc reas ing  the  e f f i c i e n c y  o f  t h e  va r i ed  ways i n  which energy i s  provided t o  
and u t i l i z e d  by a  community. ICES a l s o  o f f e r  o p p o r t u n i t i e s  t o  reduce depen- 
dence on sca rce  r e sou rces ,  p r o t e c t  environmental q u a l i t y ,  reduce c o s t s  of 
energy and energy-consuming s e r v i c e s ,  and, perhaps most impor tan t ly ,  meet 
energy needs without adverse ly  a f f e c t i n g  l i f e s t y l e s .  

The ICES approach t o  meeting these  goa l s  i s  embodied i n  t h r ee  l e v e l s  
o f  i n t e g r a t i o n .  F i r s t ,  by i nco rpo ra t i ng  innovat ive  technology t o  maximize 
t h e  r e s o u r c e - u t i l i z a t i o n  e f f i c i e n c y ,  energy requirements  can be reduced. 
Included i n  t h i s  method a r e  cogenera t ion  ( o r  more p r e c i s e l y  coproduct ion)  and 
cascading uses  of energy t o  minimize t he  thermodynamic mismatch of  source- 
energy q u a l i t i e s  and a c t u a l  energy needs. A1  so  included i s  f u e l  s u b s t i t u t i o n  
i n  c e n t r a l i z e d  community-scale systems 'which would be imprac t i ca l  i n  inde- 
pendent,  ind iv idua l -bu i ld ing  and sepa ra t e - se rv i ce  energy systems. Second, by 
i n t e g r a t i n g  the  energy and energy-consuming systems wi th  t h e  func t iona l  des ign  
and l a y o u t  o f  t h e  community,  load-management a d v a n t a g e s  c a n  be  a c h i e v e d  
and d i s t r i b u t i o n  l o s s e s  can be minimized. A t  t he  same time, resource  needs 
can be reduced through app rop r i a t e  land u t i l i z a t i o n  and planned growth. And 
t h i r d ,  t h e  community systems development i s  i n t e g r a t e d  wi th  t he  f i n a n c i a l  and 
r e g u l a t o r y  mechanisms common t o  communities t o  permit widespread implementa- 
t i o n .  

A s p e c i f i c  ICES may c o n s i s t  of e i t h e r  a  p a r t i a l  o r  complete i n t e g r a t i o n  
o f  these  approaches,  a s  app rop r i a t e  t o  s t r i k e  t he  des i r ed  balance among a  
community's economic, s o c i a l ,  environmental ,  and energy-conservation g o a l s .  
An ICES c a n  be  a p p l i e d  t o  a  t o t a l  community a s  w e l l  a s  t o  p o r t i o n s  o f  a  
community and the  s e r v i c e s  provided need not  be t he  same f o r  a l l  a r e a s  served.  
While ICES inc lude  a  broad spectrum of technologies  t o  meet energy s e r v i c e  
requirements ,  t h e  ICES concept does not  a r b i t r a r i l y  d e f i n e  e i t h e r  t he  energy 
s e r v i c e s  t o  be provided o r  t he  type,  s i z e ,  o r  func t ion  of t h e  a r e a  t o  be 
se rved .  As a  r e s u l t ,  an ICES i s  t a i l o r e d  f o r  each a p p l i c a t i o n .  The determina- 
t i o n  of the kind and number of energy s e r v i c e s  provided and t h e  s i z e  of t h e  
s e r v i c e  a r ea  f o r  each such s e r v i c e  i s  based on an optimum combination of 
e n e r g y  e f f i c i e n c i e s ,  i n d i g e n o u s  r e s o u r c e  and l a b o r  s u p p l i e s ,  e conomics ,  
and environmental cond i t i ons .  

 eat-pump-centered i n t e g r a t e d  community e n e r g y  s y s t e m s  (HP-ICES) 
a r e  energy systems f o r  communities which provide hea t ing ,  cool ing  and/or 



o t h e r  thermal energy s e r v i c e s  through the  use of  h e a t  pumps. ' Since hea t  
pumps p r imar i l y  t r a n s f e r  energy from e x i s t i n g  and otherwise probably unused 
sou rces ,  r a t h e r  than convert  i t  from e l e c t r i c a l  o r  chemical t o  thermal form, 
HP-ICES o f f e r  s i g n i f i c a n t  p o t e n t i a l  f o r  energy sav ings .  By powering these  
h e a t  pumps' with nonscarce f u e l s ,  t h e  use of  which would be imprac t ica l  i n  most 
convent iona l  systems, less-abundant.  fuels inc lud ing  n a t u r a l  gas  and o i l  can be ' 

conserved. Secondary b e n e f i t s  of  HP-ICES inc lude  r educ t ion  of  adverse en- 
v i ronmenta l  e f f e c t s  a s  compared t o  convent ional  systems, ' r e1  i a b l e  product ion 
o f  s e r v i c e s  i n  c o n t r a s t  t o  t h e  i nc reas ing ly  f requent  u t i l i t y  cu r t a i lmen t s  and 
i n t e r r u p t i o n s ,  and d e l i v e r y  of s e r v i c e s  t o  consumers a t  c o s t s  lower than 
t h o s e  f o r  convent ional  systems ( inc lud ing  a c q u i s i t i o n ,  ope ra t i on ,  and main- 
tenance c o s t s ) .  

The r e p o r t  which fol lows i s  a  resu1.t o f  t he  System Development Phase of 
t h e  HP-ICES P ro j ec t .  The o b j e c t i v e  of  t h i s  mul t iphase  p r o j e c t  i s  development 
and demonstrat ion o f  HP-ICES concepts  lead ing  t o  one o r  more ope ra t i ona l  
systems by t h e ' e n d  of 1984. The seven phases inc lude  System ~ e v e l o ~ m e n t , '  
Demonstration Design, Design Completion, HP-ICES Cons t ruc t ion ,  Operat ion and 
Data Acqu i s i t i on ,  HP-ICES Evalua t ion ,  and Upgraded Continuat ion.  

This  P r o j e c t  i s  sponsored by t h e  Community Systems Technology Branch, 
Community Systems D i . v i s i o n ,  O f f i c e  o f  B u i l d i n g s  and Community Sys t ems ,  
A s s i s t a n t  S e c r e t a r y  f o r  Conservation and So la r  Energy, U.S. Department of 
Energy (DOE). I t  i s  a  p a r t  of  t he  Community Systems Program and i s  managed by 
t h e  Energy and Environmental Systems Div is ion  of Argonne Nat ional  Laboratory. 

The r e p o r t  which follows p re sen t s  t h e  f ind ings  i n  t he  development 
and a n a l y s i s  of one concept under i n v e s t i g a t i o n .  This  r e p o r t  was prepared by 
t h e  Georgia I n s t i t u t e  of  Technology. 
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ABSTRACT 
C 

Heat Pump Centered-Integrated Community Energy Systems (HP-ICES) show t h e  

promise of u t i l i z i n g  low-grade thermal energy f o r  low-quality energy requi re -  
, I 

ments such a s  space hea t ing  and cool ing.  The Heat Pump - Wastewater Heat 

Recovery (HP-WHR) scheme i s  one approach t o  an HP-ICES t h a t  proposes t o  rec la im 

low-grade thermal energy from a community's wastewater e f f l u e n t .  This  r e p o r t  

develops t h e  concept of an HP-WHR system, eva lua t e s  t he  p o t e n t i a l  performance 

and economics of such a system, and examines t h e  p o t e n t i a l  f o r  a p p l i c a t i o n .  A 

thermodynamic performance a n a l y s i s  of a hypo the t i ca l  system p r o j e c t s  a n  o v e r a l l  

system Coef f i c i en t  of Performance (C.O.P.) of from 2.181 t o  2.264 f o r  waste- 

water  temperatures  vary ing  from 5 0 ' ~  t o  80 '~ .  Primary energy source savings 

from the  nationwide implementation of t h i s  system i s  p ro j ec t ed  t o  be 6.0 QUADS- 

f u e l  o i l ,  o r  8.5 QUADS - n a t u r a l  gas ,  o r  29.7 QUADS - c o a l  f o r  t h e  per iod  1980 - 
2000, depending upon the  type and mix of conventiona.1 space condi t ion ing  systems 

which could be d isp laced  wi th  t h e  HP-WHR system. S i t e - s p e c i f i c  HP-WHR system 

des igns  a r e  presented f o r  two a p p l i c a t i o n  communities i n  Georgia. Performance 

ana lyses  f o r  t hese  systems p r o j e c t  Annual cyc l e  system C.O.P.'s of .2.049 and 

2.519. Economic a n a l y s i s  on t h e  b a s i s  of a l i f e  cyc l e  c o s t  comparison shows 

one s i t e - s p e c i f i c  system design t o  be c o s t  competi t ive i n  t h e  immediate market 

wi th  convent ional  r e s i d e n t i a l  and l i g h t  commercial HVAC systems. The second 

s i t e - s p e c i f i c  system des ign  is  shown through a s i m i l a r  economic a n a l y s i s  t o  be 

more cusLly than coiltrentional systems due mainly t o  t h e  c u r r e n t  low energy 

c o s t s  f o r  n a t u r a l  gas .  It i s  an t i cdpa ted  t h a t ,  a s  energy c o s t s  e s c a l a t e ,  

t h i s  HP-WHR system w i l l  a l s o  approach 'the threshold  of economic v i a b i l i t y .  



I' 

i . . .  < . 
i . -  , ' :  y '!.;,.. . 

: .,: . . i. . .  : .  .< . .. .:, - ., ~ . - 3: . . -. ... I . .. : 
.. ,. . E i ; ,  

. . .. , . . . :.. , .; ,. , . n ', ;T::H,I , J . .  S'.PAGB $;$, , 
: .. . ., . . ., !<.!+.i>,>.:.  

W A S I I N T E N ? ~ ~ , N : A L L Y  

LEFT BLANK 

L I 



.1.0 SYSTEM CONCEPT 

1.1 INTRODUCTION 

The Heat Pump Centered-Integrated Community . .. Energy System (HP-ICES) concept 

presented i n  t h i s  r e p o r t  i s  e s s e n t i a l l y  a cqscaded h e a t  recovery scheme which 
t 

e x t r a c t s  low-grade thermal energy from a community's wastewater e f f l u e n t  by 

means of e l e c t r i c a l l y  d r iven  h e a t  pumps. The e x t r a c t e d  thermal energy i s  

d i s t r i b u t e d  i n t o  the  community v i a  a moderate temperature water p ip ing  system. 

A t  each p o i n t  of end-use the  thermal energy i s  e x t r a c t e d  from t h e  t r a n s p o r t  

media by u n i t a r y  h e a t  pumps and u t i l i z e d  f o r  space hea t ing  pu rposes . .  The 

system can a l s o  ope ra t e  i n  a cool ing  mode by u t i l i z i n g  t h e  community waste- 

water  flow a s  a s i n k  f o r  h e a t  r e j e c t e d  dur ing  space  cool ing.  From a n  energy 

u t i l i z a t i o n  s tandpoin t ,  t h e  concept r e p r e s e n t s  a method of u t i l i z i n g  po r t ions  

of t h e  lowest  q u a l i t y  energy a v a i l a b l e  i n  t he  community energy degrada t ion  

cyc le .  

F igure  No. 1-1 is  a s imp l i f i ed  schematic of t h e  b a s i c  system elements .  

These elements c o n s i s t  o f :  a p r imary ,hea t  source ,  a c e n t r a l  s t a t i o n  hea t  

pump, a thermal d i s t r i b u t i o n  system, and i n d i v i d u a l  end-user h e a t  pumps. 

Deta i led  d i scuss ions  of each .element w i l l  be presented i n  t h e  fol lowing s e c t i o n s .  
I 

The technical.  f e a s i b i l i t y  of wastewater h e a t  recovery.  appears  w e l l  w i th in  

t h e  realm of b e l i e v a b i l i t y .  I n s t i t u t i o n a l  acceptance b a r r i e r s ,  economic 

v i a b i l i t y  and the  e f f i c i e n c y  of resource  u t i l i z a t i o n  by such a scheme a r e  

somewhat i h  doubt and w i l l  be addressed by v a r i o u s  s e c t i o n s  of t h i s  r e p o r t  

and by d e t a i l e d  a p p l i c a t i o n  ana lyses  i n  t h e  F i n a l  Report.  
. 

The remainder of t h i s  s e c t i o n  w i l l  d e sc r ibe  each of t he  system elements,  

component con f igu ra t ions ,  .system ope ra t ing  modes, a p p l i c a t i o n s  and p o t e n t i a l  

b e n e f i t s  from adoption of t h e  scheme. In-depth ana lyses  of system c h a r a c t e r i s t i c s  





a r e  presented in - subsequen t  s e c t i o n s .  

Conventiona1,space condi t ion ing  systems u t i l i z e  high-grade energy sources ,  

such as n a t u r a l  gas  o r  o i l ,  i n  d i r ec t . combus t ion  i n  bu i ld ing  hea t ing  equipment 

o r  e l e c t r i c i t y  generated a t  e f f i c i e n c i e s  of l e s s  than  40 pe rcen t .  A s  depic ted  

i n . F i g u r e  1-2, both processes  l o s e  s u b s t a n t i a l  amounts of .  energy i n  t h e  con- 

ve r s ion  process  from primary f u e l  source  t o  end-use. 

One way t o  improve t h e  u t i l i z a t i o n  e f f i c i e n c y  of high grade energy sources 

i s  t o  u se  waste hea t  from high q u a l i t y  energy processes  t o  s a t i s f y  lower q u a l i t y  

requirements.  The e f f e c t  is  t o  degrade energy q u a l i t y  i n  a cascading arrange-  

ment s o  . 'that t h e  h ighes t  q u a l i t y  energy is not  used t o  s a t i s f y  low q u a l i t y  

needs. 

I n  t h e  case  of our community energy system discussed  previous ly ,  i t  may 

be poss ib l e  t o  u t i l i z e  was t e  energy s treams from a community's i n d u s t r i e s ,  

e l e c t r i c  genera t ing  p l a n t s  and o the r  high-grade energy u s e r s  t o  s a t i s f y  po r t ions  

of t h e  community low-grade energy needs such a s  space 'hea t ing .  Waste h e a t  

u t i l i z a t i o n  schemes such a s  t h i s  would l e s s e n  t h e  requirements  f o r  new high- 

grade energy sources  and.improve the  energy u t i l i z a t i o n  e f f i c i e n c y  of the  

resources  c u r r e n t l y  consumed by high q u a l i t y  energy use r s .  

One v i r t u a l l y  untapped low-grade energy source is  wastewater e f f l u e n t  

s t reams generated by indus t ry ,  power genera t ion ,  r e s idences  and t h e  commercial 

s e c t o r .  Admittedly, t he  d e s i r a b i l i t y  of t h i s  energy source i s  low due t o  i t s  

low-energy qua l i cy  and ~~11Lalllll1a~ell s t a t e ,  however, t hc  amount of energy 

contained is  s i g d i f i c a n t  when one cons iders  t he  q u a n t i t i e s  involved.  I f  we 
. . 

are t o  f u l l y  i n t eg ra t e .  energy use  by the  community, we must cons ider  every 

a v a i l a b l e  encrgy source.  
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The energy flow scheme presented  by Figure  1-3 is a representa t ior i  of how 

low-grade h e a t  from a community's wastewater stream could be u t i l i z e d  f o r  

bu i ld ing  space hea t ing .  Heat could be ex t r ac t ed  from i n d u s t r i a l  and r e s i d e n t i a l  

s a n i t a r y  sewer e f f l u e n t  and from cool ing  water s t reams d iscarded  from power 

p l a n t s  and i n d u s t r i a l  u s e r s  by means of h e a t  pumps. The hea t  pumps would be 
3 .  

used t o  e-leeate t h e  temperature of t h e  hea t  s u f f i c i e n t l y  ' f o r  use  i n  space 

hea t ing .  The Heat Pump Wastewater Heat Recovery Scheme (HP-WHR) app l i ed  t o  a  

community would r e q u i r e  elements which would: 

In su re  adequate  energy supply t o  t h e  Community 

D i s t r i b u t e  t h e  thermal energy t o  t h e  community 

Allow t h e  end-users i n  t h e  Community t o  u t i l i z e  
t he  thermal energy. 

Addi t iona l ly ,  t h e  d i s t r i b u t i o n  system and end-user h e a t  pumps could d i s s i p a t e  

h e a t  e x t r a c t e d  from bu i ld ings  dur ing  t h e  cool ing  season. This  process  i s  

dep ic t ed  by Figure 1-4. 

SYSTEM DESCRIPTION 

A complete d e s c r i p t i o n  of t he  HP-WHR scheme r e q u i r e s  a  d i scuss ion  of each 

of t h e  system's  major components, t h e i r  c h a r a c t e r i s t i c s ,  and how they i n t e r a c t .  

Refer r ing  aga in  t o  Figure 1-1, these. c o m p u ~ ~ e l ~ l s  are; 

Primary Heat Source 

Cen t r a l  S t a t i o n  Heat Pump 

Thermal D i s t r i b u t i o n  System 

Ind iv idua l  End-User Heat Pumps 

1.3.1 PRIMARY HEAT SOURCE 
, . 

The primary waste hea t  source  the  HP-WHR scheme seeks  t o  u t i l i z e  i s  the  . . 

community wastewater e f f l u e n t .  This  source can inc lude  s a n i t a r y  sewer d i scha rges ,  
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storm sewer discharges and cooling water discharges. However, only sanitary 

sewer discharges will be addressed in this report. 

We are all aware of the numerous warm water discharges into the sanitary 

sewer from our own.residences. Bathing, cooking, washing and many other home 

activities use hot or warm water which is eventually discharged to the sanitary 

sewer system. Similarly, but on a much larger scale, industrial and commercial 

activities create large volumes of warm water which is discharged to the sanitary 

sewer system. Common industrial sources are cooling water, spent process water, 

wash water and blowdown from heating and cooling systems. 

Many disadvantages associated with using sewage effluent are apparent due 

to the dirty nature of wastewater. The incentives which must be kept in mind 

when approaching the problem are that the collection system for the energy 

contained in the stteam is already installed and new capital is not required 

to build the collection system. Secondly, the potential for energy recovery 

w,ill be greatest where it is needed most, i.e. in heavily populated, dense 

metropolitan areas. 

The most important characteristics of the sewage effluent will be its 
. . 

quantity, thermal quality and physical properties. These characteristics will 

of cours&, be site specific and vary somewhat on a daily, weekly and seasonal 

basis. It is possible to make several general comments about che nature 01 

each characteristic. The quantity of wastewater fr0m.a community is generally 

expressed by sanitary ,engineers in terms of gallons per day. On an hourly 

basis the flow can vary substantially over weekend and holiday periods in 
\ . . 

areas where there are a large number of industrial discharges. 
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One other signific,ant factor that can influence the quantity of wastewater 

is ground and surface water infiltration. Infiltration of ground and surface 

water into the sewer system will vary seasonally and with the age and design 

of the sewer system. In o1de.r systems where storm and sanitary sewers are 

combined, an extreme variation in flow of several hundred percent can occur 

during heavy rains. Additi'onally, the influx of surface water during the 

winter months will tend to lower sewage temperatures. This could be significant, 

especially where melting snow infiltrates into .the sanitary sewer system. 

Thermal quality of the wastewater will vary according to. site specific . 

. . 
conditions. Industrial waste streams tend to be at higher temperatures than 

residential discharges. For that reason, communities with high industrial ' .  . 

concentrations may . . offer more , . potential .. for energy recovery than strictly 

residential communities. It is even conceivable that some wastewater effluents. 

may be utilized without the need for an initial temperature boost by the centpal 

station heat pump. 



1n.predominant ly r e s i d e n t i a l  communities t h e r e  w i l l  be  some concern over 

t h e  thermal conten t  o f '  t h e  wastewater s t reams being tapped. Typica l ly ,  waste- 

water t reatment  systems a r e  designed t o  ope ra t e  s a t i s f a c t o r i l y  a t  t h e  lowest  

wastewater temperatures t h a t  might be expected i n  t he  p a r t i c u l a r  reg ion  i n  

which t h e  t reatment  f a c i l i t y  is t o  be loca t ed .  Indeed, 'a thorough search  of 

l i t e r a t u r e  on wastewater t rea tment  revea led  t h a t  a c t u a l  p l a n t  i n f l u e n t  tem- 

p e r a t u r e s  a r e  no t  gene ra l ly  considered o r  r equ i r ed  i n  t h e  des ign  of t reatment  

systems. Consequently, i t  i s  r a r e  f o r  e x i s t i n g  t reatment  p l a n t s  t o  record 

the  temperature of t h e  p l a n t  wastewater i n f l u e n t .  The only r e g u l a t i o n s  now 

e x i s t i n g  d e a l  wi th  t h e  thermal p o l l u t i o n  of t h e  body of water r ece iv ing  a  

wastewater t reatment  p l a n t ' s  d i scharge  and thus  a r e  meant t o  r e s t r i c t  t h e  

maximum temperature of d i scharge .  Obviously, t he  ope ra t ion  of a n  HP-WHR 

system i n  conjunct ion wi th  a wastewater t reatment  system could s i g n i f i c a n t l y  

a f f e c t  t he  opera t ing  cond i t i ons  and thus  t h e  t rea tment  e f f i c i e n c y  of t h e  waste- 

water f a c i l i t y .  The p o t e n t i a l  e f f e c t s  a r e  d iscussed  i n  more d e t a i l  i n  

Chapter 5.0 - ENVIRONMENTAL IMPACT. I n  gene ra l  though, t h e  change i n  ope ra t ing  

temperatures  must be given cons ide ra t ion  during the  des ign  phase of new 

wastewater t reatment  p l a n t s  t o  proper ly  s i z e  b i o l o g i c a l  t rea tment  u n i t s  o r ,  

when e x i s i t n g  p l a n t s  a r e  considered f o r  r e t r o f i t  of a n  HP-WHR system, t o  

p r e d i c t  l o s t  t rea tment  e f f i c i e n c i e s .  However, i t  is  a n t i c i p a t e d  t h a t ,  a s  

long a s  t he  d ischarge  q u a l i t y  and temperature of t he  e f f l u e n t  from wastewater 

f a c i l i t i e s  se rv ing  i n  conjunct ion  wi th  HP-WHR systems meet e x i s t i n g  requi re -  

ments, no f u r t h e r  r e g u l a t i o n s  regard ing  e f f l u e n t  temperature l e v e l s  w i l l  be 

necessary.  

The l a c k  of temperature d a t a  w i l l  h inder  i n i t i a l  HP-WHR system des igns .  

However, i f  t he  concept appears  f e a s i b l e ,  temperature measurements a r e  r e l a t i v e l y  



simple to obtain with recording thermometers. The necessary measurements will' 

be discussed further in Chapter 8.0 - COMPONENT TESTING. 

A lower temperature limit approaching ground temperature seems appropriate 

for most sewer collection systems. Since ground temperature is relatively 

constant throughout the year and is considerably above ambient air temperatures 

in the winter months, it would appear that even in the worst case the waste- 

water stream would be preferable as a heat ,source to the lower temperature 

ambient air. 

Physical- properties of wastewater streams deserve special attention on a 

site specific basis. ~ i k e  the other properties of effluents, industrial dis- 

charges will introduce a variety of contaminants into the .sanitary sewer system. 

In some cases the.corrosive or fouling nature. of industrial discharges may 

render the wastewater stream unusable. 

As a rule, the sanitary sewer effluent entering a sewage treatment plant 

will have :the viscosity and density which is approximately the same as pure 

water. The major impurities in the effluent are suspended particles which may 

be removed by settling or filtration, colloidal particles smaller than'luM, 

dissolved impurities such as volatiles and minerals and, of course, a con- 

siderable microbiological population. A typical analysis of impurities in 

sanitary sewer esfluent will be as follows: 

300 mg/liter Suspended Solids 

500 mg/liter Dissolved Solids ' 

The remainder of the,effluent is essentially water. 

The impurities normally found in municipal sewage are routinely handled : 
by conventional treatment practices. The highly polluted nature of the 

effluent has caused designers to avoid using it whenever possible due to 

expected fouling problems. 



I n  t h e  a c t u a l  des ign  of an  HP-WHR scheme, cons iderable  a t t e n t i o n  w i l l  be 

requi red  t o  provide adequate  fou l ing  allowances f o r  h e a t  t r a n s f e r  s u r f a c e s  

and provis ions  f o r  c leaning  and in spec t ing  components subjec ted  t o  con tac t  

wi th  e f f l u e n t  s t reams.  

CENTRAL STATION HEAT PUMP 

The Cen t r a l  S t a t i o n  h e a t  pump equipment element of t he  system w i l l  s e rve  

t o  e x t r a c t  energy from t h e  primary h e a t  source  and e l e v a t e  i t s  temperature 

s u f f i c i e n t l y  f o r  d i s t r i b u t i o n  and use  throughout t h e  community. Although only 

one u n i t  i s  shown throughout t h e  schematics  i n  t h i s  r e p o r t ,  i t  may be advan- 

tageous t o . a c h i e v e  the  des i r ed  temperature e l e v a t i o n  o r  improve p a r t  load 

performance c h a r a c t e r i s t i c s .  

Cent ra l  s t a t i o n  hea t  pumps have been used ex tens ive ly  over  the  p a s t  

t h i r t y  yea r s  i n  bus iness  and indus t ry .  The most no tab le  example of t h i s  is  

"water c h i l l i n g t '  machines used by t h e  a i r  condi t ion ing  i n d u s t r y  i n  l a r g e  s c a l e  

bu i ld ing  a i r  condi t ion ing .  The c e n t r a l  s t a t i o n  h e a t  pump used i n  t h e  HP-WHR 

scheme w i l l  be  s i m i l a r  t o  t h e  machine used f o r  bu i ld ing  a i r  condi t ion ing  systems, 

except  s e l e c t i o n  procedures w i l l  be modified f o r  t he  r equ i r ed  s e r v i c e  cond i t i ons .  

The c e n t r a l  s t a t i o n  hea t  pump ope ra t e s  on a  c losed  r e f r i g e r a n t  cyc l e  con- 

s i s t i n g  of working f l u i d  compression, condensat ion,  and evapora t ion .  Typica l ly ,  

t he  working f l u i d  w i l l  be one of t h e  f r e o n  r e f r i g e r a n t s  s e l e c t e d  f o r  charac- 

t e r i s t i c s  s u i t a b l e  f o r  the  temperature r i s e  r equ i r ed  and t h e  machinery's 

compressor c h a r a c t e r i s t i c s .  

The evaporator  and condenser h e a t  t r a n s f e r  components a r e  commonly s h e l l  

and tu rbe  h e a t  exchangers comprised of s t e e l  s h e l l  and non-ferrous tubes .  

Depending on temperature rises and f low q u a n t i t i e s ,  t h e  water i n  t h e  tubes may 

make mul t ip l e  pasocc. Tube m a t e r i a l  and t h i ckness  is  of s p e c i a l  importance i n  



t h e  HP-WHR scheme due t o  t he  abus ive  n a t u r e  of wastewater e f f luen t - .  Some 

experience may be r equ i r ed  be fo re  an  optimum h e a t  exchanger des ign  can be 

s e t t l e d  on f o r  t h i s  a p p l i c a t i o n .  

The compressor of t h e  c e n t r a l  s t a t i o n  h e a t  pump can be of t h e  r ec ip roca t -  

ing ,  screw o r  c e n t r i f u g a l  type  dr iven  by an  e l e c t r i c  motor. I n  p r a c t i c e ,  i t  

i s  a n t i c i p a t e d  t h a t  the r e c i p r o c a t i n g  compressor w i l l  have l i t t l e  a p p l i c a b i l i t y  , 

. . 

due t o  its l i m i t e d  capac i ty  and somewhat lower ope ra t ing  C.O.P. than c e n t r i f u g a l  . 

. . 
o r  screw type compressors. For t h e  purposes of t h i s  s tudy ,  a  c e n t r i f u g a l  

compressor i s  used as t h e  c e n t r a l  hea t  pump s i n c e  i t  i s ' w i d e l y  used by the  a i r  

cond i t i on ing  indus t ry  f o r  c e n t r a l  s t a t i o n  a i r  condi t ion ing  a p p l i c a t i o n s  i n  t he  

temperature ranges suggested.  

A screw compressor w i l 1 , h a v e  s i m i l a r  performance c h a r a c t e r i s t i c s  t o  t he  

c e n t r i f u g a l  type.  Howev.er, commercially a v a i l a b l e  u n i t s  have somewhat lower 

capac i ty  than t h e i r  c e n t r i f u g a l  coun te rpa r t s .  I n  some cases  a  screw compressor 

may be advantageous due t o  i ts  a b i l i t y  t o  ope ra t e  a t  h igher  temperature and 

p re s su re  d i f f e r e n t i a l s .  

The compressor of t h e  c e n t r a l  s t a t i o n  h e a t  pump i s  thus  assumed t o  be a  

c e n t r i f u g a l  type d r i v e n  by an e l e c t r i c  motor. Capacity c o n t r o l  w i l l  be accom- 
. . 

p l i s h e d  by i n l e t  vanes t o  t h e  c e n t r i f u g a l  impel le r .  It i s  a l s o  a n t i c i p a t e d  t h a t  

t h e  machine w i l l  b e  a  hermetic  des ign ,  t hus  al lowing t h e  r e f r i g e r a n t  t o  absorb 

t h e  h e a t  given o f f  by t h e  e l e c t r i c  motor. 

F igure  1-6 is a  performance curve f o r  a  t y p i c a l  c e n t r a l  s t a t i o n  water 
1 :  . ,. 

c h i l l i n g  machine u s e d . i n  hea t  recovery a p p l i c a t i o n .  The d a t a  is  presented i n  

terms of Heat Rejec t ion  Fac tor  ( Z I R F ) ,  which i s  a  r a t i o  of t h e  h e a t  r e j e c t e d  a t  

t h e  condenser t o  h e a t  absorbed by the  evaporator .  For refr igerant-gas-cooled 

hermetic  compressors t h e  Coe f f i c i en t  of Performance i s , d e f i n e d  approximately 



. ' . by the following formula: 

COP = [HRF x .99]/[HRF - 11 

1 

Note that the on-site COP-of the central machine is quite high, ranging from 

5 to 7 for the machine shown in Figure 1-6. .In actual practice machine COP 

.. could be maximized within economic constraints by judicious selection of 

central station heat pump components. The overall coefficient of performance 

of the central station will be reduced somewhat by power requirements for 

auxiliary equipment'such as pumps, controls, etc. 
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performance of Typical Large, Moderate Head, Hermetic 
Centrifugal Compressor (R- 1 1) 

FIG. 1-6 
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Similar performance data for cooling COP'S are available from equipment 

manufacturers or may be derived from the ICES Technology Evaluation Number 

ANL/CE3/78-2 entitlcd,."Central Cooling-Cnmpressive Chiller"; J.E. Christian, 

1.3.3 THERMAL DISTRIBUTION SYSTEM 

Two types of thermal distribution systems were considered for use with 

the HP-WHR system. One system would utilize portions of the wastewater which 



has  been c l a r i f i e d  t o  t r a n s p o r t  thermal energy from t h e  c e n t r a l  s t a t i o n  t o  t h e  

end-users.  Once the  energy was e x t r a c t e d  from the  t rans.port  media i t  would be  

d iscarded  t o  t h e  s a n i t a r y  sewer system and re turned  t o  t he  waste t reatment  

p l a n t .  

The o t h e r  d i s t r i b u t i o n  system would be a c losed  loop c i r c u l a t i n g  system 
, ' 

u t i l i z i n g  supply and r e t u r n  p ip ing  from the  c e n t r a l  h e a t  source.  The c losed  

loop c i r c u l a t i n g  system i s  commonly used i n  hea t ing  and a i r  condi t ion ing  systems . 

o r  thermal energy t r a n s p o r t .  

Both thermal  d i s t r i b u t i o n  systems would inco rpora t e  some form of s t o r a g e  

component t o  provide f o r  optimum s t o r a g e  of h e a t  e x t r a c t e d  from the  primary 

h e a t  source and f o r  adequate  peaking capac i ty  dur ing  maximum energy demand 

pe r iods .  

The numerous problems a s s o c i a t e d  wi th  t h e  proposed u t i l i z a t i o n  of c l a r i f i e d  

wastewater f o r  a thermal  t r a n s p o r t  media l e a d  u s  t o  adopt  a more convent ional  

c i r c u l a t i n g  water  system a s  a b a s i s  f o r  a n a l y s i s .  The c l a r i f i e d  wastewater 

scheme i s  presented  i n  Chapter 7.0 - IDENTIFIED VARIATIONS f o r  cons ide ra t ion  

i n  s p e c i a l i z e d  .cases .  

1.3.4 CLOSED LOOP SYSTEM 

A closed loop thermal d i s t r i b u t i o n  system would inco rpora t e  supply and 

r e t u r n  p ip ing  mains throughout t he  community. This  would a l low the  t r a n s p o r t  

media t o  be r e tu rned  t o  t h e  c e n t r a l  s t a t i o n  t o  be regenera ted .  

. i f  

Closed loop c i r c u l a t i n g  .water  systems a r e  connnonly used i n  hea t ing  and a i r  
, . . .  . 

condi t ion ing  systems and i n d u s t r i a l  p rocess  a p p l i c a t i o n s .  The advantage of 

t h e  closed loop system i s  p r imar i ly  i ts  freedom from e x t e r n a l  contamination. 

Its disadvantages a r e  h igher  i n s t a l l e d  c o s t  and g r e a t e r  pumping f r i c t i o n  l o s s  
. . 

due t o  the increased  d i s t a n c e  of pressure-flow .piping.  



I It is  a n t i c i p a t e d  t h a t  t h e  energy requirements  f o r  thermal t r a n s p o r t  

media c i r c u l a t i o n  could be minimized by proper  des ign  of t h e  pumping system t o  

i nco rpo ra t e  v a r i a b l e  pumping o r  p a r a l l e l  pump s t a g i n g .  Likewise,  two p ipe  

c i r c u l a t i n g  systems w i l l  enjoy some i n s t a l l a t i o n  economies s i n c e  t renching  and 

a s s o c i a t e d  c o n s t r u c t i o n  c o s t s  f o r  one o r  two p i p e s  a r e  e s s e n t i a l l y  t h e  same. 

One f i n a l  paragraph concerning e i t h e r  system i s  a p p r o p r i a t e  on t h e  s u b j e c t  

of p ip ing  m a t e r i a l s .  Recent advances i n  p ip ing  m a t e r i a l s  have made p l a s t i c -  

type p ip ing  almost  an  i ndus t ry  s tandard  f o r  municipal  water d i s t r i b u t i o n  p ip ing  

systems. The low t e m p e r a t u r e  a p p l i c a t i o n  d iscussed  h e r e  w i l l  be  cons t ruc t ed  

w i th  p l a s t i c  o r  f i b e r g l a s s  p ip ing ,  t ak ing  advantage of t h e  l a t e s t  c o s t  r educ t ion  

techniques.  

1 .3 .5  THERMAL STORAGE 

Regardless  of t h e  type  d i s t r i b u t i o n  system s e l e c t e d ,  i t  w i l l  gene ra l l y  

be d e s i r a b l e  t o  i nc lude  a device  f o r  s t o r i n g  t h e  thermal  energy e x t r a c t e d  from 

t h e  wastewater s t ream and appor ' t ioning i t  t o  t h e  community a s  r equ i r ed .  Con- 

s i d e r a t i o n  of t h e  s t o r a g e  volume w i l l  be  of prime importance when a c t u a l  des ign  

i s  undertaken. 

I n  most c a s e s  i t  is  a n t i c i p a t e d ' t h a t  t h e  q u a n t i t y  of t r a n s p o r t  media w i l l  

d i c t a t e  some form of underground, covered v e s s e l .  To be  c o s t - e f f e c t i v e  t h i s  

may t a k e ' t h e  form of a p l a s t i c - l i n e d  e a r t h e n ' r e s e r v o i r  w i t h  a f l o a t i n g  o r  a i r -  

supported canopy. 

I n  the case of a c l a r i f i e d  wastewater system, i t  may be advantageous t o .  

s p l i t  t h e  s t o r a g e  requirements  between underground and e l eva t ed  v e s s e l s .  This  

would a l l ow  optimum pump s i z i n g  s i n c e  peak f lows could be  supp l i ed  from t h e  

e l eva t ed  tank,  a s  i n  po t ab l e  water systems. 



1.3.6 SYSTEM INSULATION 

I n s u l a t i o n  f o r  p ip ing  and thermal  s to ,rage systems w i l l  have t o  be evaluated 

on a  case-by-case b a s i s .  The systems presented  i n . t h i s  r e p o r t  assume t h a t  

d i s t r i b u t i o n  system thermal l o s s e s  w i l l  be  kept  t o  a smal l  percentage of t he  

h e a t  con ten t  of t h e  t r a n s p o r t  media. 

Ca lcu la t ions  presented  i n  t h e  a n a l y s i s  s e c t i o n  of t h i s  r e p o r t  f o r  t h e  

thermal  l o s s e s  from bur ied  p l a s t i c  p ipe  a t  low temperature d i f f e r e n t i a l s  a r e .  

expected t o  i n d i c a t e  t h a t  underaround p ipe  i n s u l a t i o n  may not  be c o s t  e f f ec -  

t i v e .  For t h a t  reason ,  t h e  ana lyses  presented  i n  t h i s  r e p o r t  assume no thermal 

i n s u l a t i o n  on t h e  underground p ip ing  system. . . 

1.3.7 END-USER HEAT PUMPS 

The end-user h e a t  pump system u t i l i z e d  i n  t h e  HP-WHR scheme would be t h e  . ' .  

type  commercially a v a i l a b l e  i n  t h e  1 / 2  t o  25 ton  cool ing  range. No s u b s t a n t i a l l y  

d i f f e r e n t  a p p l i c a t i o n  techniques from common p r a c t i c e s  c u r r e n t l y  employed a r e  

a n t i c i p a t e d  f o r  t h e  end-user systems. 

A n , e x c e l l e n t  technology.eva1uat ion of u n i t a r y  water- to-air  h e a t  pumps is  

a v a i l a b l e  i n  a  r e p o r t  by t h e  same name prepared by J .  E .  C h r i s t i a n  of t h e  Oak 

Ridge National  Laboratory ANL/CES/TE 77-9 (Reference 7 ) .  F igure  2 .1  of t h a t  

r e p o r t  i s  included h e r e  a s  F igure  1-7 and se rves  t o  desc r ibe  t h e  ope ra t ion  of 

t h e  u n i t a r y  water- to-air  h e a t  pumps which w i l l  be u t i l i z e d  by t h i s  scheme. 

Performance c h a r a c t e r i s t i c s  vary  s u b s t a n t i a l l y  wi th  manufacturer and s i z e  . 

of t he  s p e c i f i c  equipment. Typica l 'manufac turer ' s  COP'S a t  s tandard  r a t u g  

cond i t i ons  range from 2.5 t o  3.4 on the  hea t ing  cyc le  and £rom 2.44 t o  2.66 

on t h e  cool ing  cyc le .  P a r t  load and seasonal  performance f a c t o r s  w i l l  a l s o  

vary  s u b s t a n t i a l l y .  

The use  of a r e l a t i v e l y  cons t an t  temperature water s o u r c e ' o f f e r s  s ~ b s t a n t i , " ~  

energy performance improvement and t h e  promise of more r e l i a b l e  system 



.. . . 

COMPONENT DESCRIPTION 

The water- to-air  h e a t  pump a c t u a l l y  i s  a  reverse-cyc le ,  s e l f -  

'contained r e f r i g e r a t i o n  system a s  shown i n  Fig.  2.1. I n  t h e  coo l ing  c y c l e ,  

heat is absorbed through t h e  a i r  c o i l  from t h e  condi t ioned  space  and t r ans -  

fe r red  through t h e  r e f r i g e r a t i o n  process ,  t o  water c i r c u l a t i n g  through a 

water - to- re f r igerant  hea t  exchanger. I n  Fhe hea t ing  cyc le ,  hea t  is absorbed 

from water  c i r c u l a t i n g  through t h e  water c o i l  and t r a n s f e r r e d  t o  t h e  a i r  

c o i l  by t h e  r e f r i g e r a t i o n  process  where i t  is then  suppl ied  t o  t h e  space  

being heated.  
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Fig. 2 . 1  Water-to-Air Heat Puinp Showing Cooling and Heat ing Cycles 
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ope ra t i on .  improved hea t ing  performance i s  e s p e c i a l l y  a t  t r a c t i v e  when compared 

t o  a i r - sou rce  heat .pumps due t o  t h e  absence of t h e  a t t e n d i n g  d e f r o s t  cyc l e  and 

supplemental  e l e c t r i c  s t r i p  h e a t  ou tpu t .  

Heat pump technology has  advanced cons iderab ly  over  t h e  l a s t  few yea r s .  

Fu r the r  improvements i n  new h e a t  pump des ign  c a n ' b e  expected i n  t h e  a r e a s  of 

compressor c a p a c i t y  c o n t r o l  and prime mover types .  Widespread i n t e r e s t  i n  

water - to-a i r  h e a t  pumps f o r  r e s i d e n t i a l  u se  should produce even f u r t h e r  improve- 

ments and .decreased u n i t  c o s t s  a s s o c i a t e d  wi th  increased  q u a n t i t y  product ion.  

1 . 4  SYSTEM OPERATION 

The Heat Pump Wastewater Heat Recovery Scheme presen ted  i n  t h i s  r e p o r t  

is intended t o  o p e r a t e  i n  a  hea t ing  and cool ing  mode. Actual  ope ra t i ng  pro- 

cedu re s  w i l l  va ry  w i t h  t h e  s i z e  and complexity of t h e  s y s t e m  s o  f o r  s i m p l i c i t y ' s  

sake  t h e  d e s c r i p t i o n  presen ted  he re  w i l l  cons ider  on ly  a  minimal number of 

f u n c t i o n a l  components. 

1 . 4 . 1  HEATING MODE 

A schematic  of t h e  HP-WHR system ope ra t i ng  i n . t h e  hea t ing  mode i s  presented 

i n  F igure  1-8. A c l a r i f i e d  wastewater thermal  t r a n s p o r t  media i s  u t i l i z e d .  

I n . t h e  h e a t i n g  mode, wastewater e f f l u e n t  e n t e r s  t h e  t rea tment  p l a n t  and 

goes through a  primary c l a r i f i c a t i o n  process ,  then passes  through t h e  evaporator  

of t h e  c e n t r a l  s t a t i o n  hea t  pump: A r e t e n t i o n  pond is  shown immediately a f t e r  

, t h e  primary c l a r i f i c a t i o n  p roces s  t o  l e v e l  ou t  d i u r n a l  peaks i n  t h e  sewage 

flow. Af te r  pa s s ing  through t h e  c e n t r a l  h e a t  pump, t h e  wastewater e f f l u e n t  

. . 
con t inues  through t h e  sewage t rea tment  process .  

The thermal  t r a n s p o r t  media is  c i r c u l a t e d  between t h e  c e n t r a l  hea t  pump 

condenser,  where i t  p i c k s  up h e a t ,  and t h e  s t o r a g e  v e s s e l .  A mixing va lve  is  

provided i n  t h e  s t o r a g e  v e s s e l  t o  i n d i c a t e  t h a t  f u l l  advantage of thermal  
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s t r a t i f i c a t i o n  w i l l  be taken. 

The thermal transport  media is drawn from the storage vessel  i n  response 

t o  system loads. Primary d is t r ibu t ion  l i n e s  would have $me recirculat ion or  

pressure r e l i e f  t o  insure  a constant supply temperature during low load periods. 

Each end-user heat pump would be cycled i n  response t o  a space mounted 

thermostat. Used transport  media would be returned t o  the  distribution system 

according t o  individual heat pump requirements. When the un i t  is inactive,  no 

t ranspar t  media would be consumed. 

1.4.2 COOLING MODE 

A schematic of the HP-WHR system operating i n  the cooling mode is presented 

i n  Figure 1-9. A recirculat ing thermal transport  media is u t i l i zed .  

In the cooling mode, wastewater e f f luen t  enters  the -condenser s ide  of the 

cen t r a l  heat pump and then passes on t o  normal sewage treatment practice.  Warm 

thermal transport  media is extracted from the storage vessel ,  cooled and then 

recirculated t o  the  storage vessel .  The thermal transport  media is  then drawn 

from the storage vesse l  i n  response t o  system loads. . 

Each end-user heat pump would be cycled i n  respanse to  individual build- 

ing loads. Heat would be re jected by the pump to  the transport  media acting 

a s  the heat sink. Spent transport  media would be returned t o  the dis t r ibu t ion  

system according to  individual heat pump requirements. 

1.4.3 PART LOAD OPERATION 

The HP-WHR schematics pkesented i n  t h i s  sect ion of fe r  considerable 

f l e x i b i l i t y  for  f u l l  and par t  load operation. Leveling wastewater flow over 

an 18 - 24 hour period w i l l  allow the cen t ra l  s t a t i on  heat pumps t o  

operate under r e l a t i ve ly  constant high load fac tors .  This w i l l  a l so  
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allow the most cost-effective s iz ing of the cen t ra l  s t a t i on  equipment 

s ince peak community thermal demands w i l l  be m e t  from the transport  media 

storage vessel. 

1-4.4 SIMULTANEOUS HEATING AND COOLING 

During mild weather conditions it Is probable t ha t  simultaneous 

heating and cooling w i l l  take place throughout the system a t  d i f fe ren t  

end-users. This w i l l  be especially t rue  where there  a r e  commercial buildinga 

mixed with r e s iden t i a l  construction. 

In general, t h i s  operation w i l l  tend to  benefit  the heating performance 

of the  system since less heat w i l l  need t o  be extracted from the waste- 

water stream. I n  e f fec t , the  heat pumps and d is t r ibu t ion  system w i l l  be 

t ransferr ing unwanted heat from the a i r  conditioning process t o  heating 

needs throughout the community. 

1.5 OPERATION AS A THERMAL UTILITY 

The wastewater HP-ICES was  o r ig ina l ly  conceived without regard to  

how the  system would be owned and operated. In  general, however, i t  appears 

t ha t  the system could be most advantageously operated a s  a thermal u t i l i t y .  

Operation as a thermal u t i l i t y  would require t ha t  the cen t ra l  heat 

pump, d i s t r ibu t ion  pumps, and d is t r ibu t ion  system be owned and operated 

by the u t i l i t y .  Energy supplied t o  the end-users would be metered a t  the 

point the end-user connects t o  the  d i s t r ibu t ion  system. Each end-user 

would own and operate h i s  own water-source heat  pump system i n  order t o  

use the thermal energy supplied by the u t i l i t y  company. 

It is conceivable tha t  any number of u t i l i t y  arrangeinents ranging 

from landlord owned and operated systems i n  a building complex t o  metro- 

pol i tan systems owned and operated by municipal governments would be 

possible. A p r iva te  u t i l i t y  company scheme could a lso be in i t i a t ed .  



An e s p e c i a l l y  a t t r a c t i v e  arrangement would be a municipal ly  owned and 

opera ted  thermal u t i l i t y  s e rv ing  t h e  connnunity's r e s i d e n t i a l  and commercial 

customers. Under t h i s  scheme t h e  c e n t r a l  h e a t  pump and d i s t r i b u t i o n  system 

could be opera ted  s i m i l a r  t o  o r  a s  a d i v i s i o n  of t he  water  and sewer depart-  

ments. Adminis t ra t ive  matters p e r t a i n i n g  t o  f i nance  and revenue c o l l e c t i o n  

could be handled i n  a manner similar t o  water  and sewer s e r v i c e s .  

The municipal ly  operated u t i l i t y  scheme would enjoy a number of 

advantages inc luding:  o v e r a l l  r e s p o n s i b i l i t y  and c o n t r o l  of water ,  sewer 

and thermal energy d i s t r i b u t i o n  systems, t he  a b i l i t y  t o  f i nance  t h e  system 

through municipal  bonds, admin i s t r a t i ve ,  ope ra t ing  and maintenance personnel  

f a m i l i a r  w i th  u t i l i t y  ope ra t ions  and water  d i s t r i b u t i o n  through p ip ing  

systems. Municipal governments w i l l  a l s o  be b e t t e r  a b l e  t o  accept  t h e  

r i s k s  a s s o c i a t e d  wi th  long term ownership and ope ra t ion  of t h e  HP-ICES 

concept.  

1 .6  SYSTEM APPLICATIONS 

The wastewater HP-ICES concept may be app l i ed  t o  both new cons t ruc t ion  

a r e a s  and r e t r o f i t  s i t u a t i o n s .  In  eva lua t ing  a n  a p p l i c a t i o n  of t h e  concept,  

cons ide ra t ion  must be  given t o  both new and r e t r o f i t  condi t ions .  

I n  genera l ,  i t  is  a n t i c i p a t e d  t h a t  each end-user w i l l  own and o p e r a t e  

h i s  own water-source h e a t  pump system. I n  ope ra t ing  h i s  system t h e  end- 

user  would purchase thermal energy from t h e  thermal u t i l i t y  e i t h e r  on a 

Btu b a s i s  o r  water  flow r a t e  b a s i s .  There a r e ,  of course,  s p e c i a l  ca ses  

such a s  a bu i ld ing  complex of r e n t a l  u n i t s  where ownership may be r e t a i n e d  

by t h e  l and lo rd  and thermal energy may n o t  be metered. 

It i s  apparent  t h a t  new cons t ruc t ion  w i l l  o f f e r  t h e  most p o t e n t i a l  

f o r  economic i n c l u s i o n  of t h e  wastewater W-ICES concept.  The advantages 

seen  i n  new c o n s t r u c t i o n  p r o j e c t s  i nc lude  lower i n i t i a l  c o s t  f o r  end-use 



systems, a,minimum amount of pre judice  associa ted  with changing e x i s t i n g  

systems, and o v e r a l l  d i s t r i b u t i o n  system i n s t a l l a t i o n  economies associa ted  

wi th  i n i t i a l  i n f r a s t r u c t u r e  cons t ruct ion  (such a s  common trenches f o r  thermal, 

water,  and sewer u t i l i t y  systems). 

The more d i f f i c u l t  case is the  r e t r o f i t  s i t u a t i o n  where the  thermal 

u t i l i t y  must be i n s t a l l e d  i n  e x i s t i n g  a r e a s  r equ i r ing  r e l a t i v e l y  expensive 

u n i t a r y  i n s t a l l a t i o n  c o s t s  and' the  r e t r o f i t  of conventional end-use systems. 

I n  any event,  t he  r e t r o f i t  case  w i l l  be the  more expensive per  u n i t  and w i l l  . 

make the  HP-ICES more d i f f i c u l t  t o  economically j u s t i f y .  



2.0. POTENTLAL APPLICATIONS 

2.1 INTRODUCTION 

The goa l  of t h e  developing In t eg ra t ed  Community Energy System (ICES) 

technology is  t o  opt imize  the  a v a i l a b l e  resources  i n  meeting t h e  energy 

needs of va r ious  communities through new and innovat ive  methods. While 

t h e  primary products  of a Heat-Pump-Centered In t eg ra t ed  Community Energy System 

(HP-ICES) a r e  low-level thermal energy s e r v i c e s  f o r  space hea t ing  and/or  

cool ing  needs, t h e  u l t i m a t e  de te rmina t ion  of t h e  kind,  number,and amount 

of energy s e r v i c e s  provided should be based on t h e  optimum combination of 

energy e f f i c i e n c i e s ,  economics, and environmental cons ide ra t ions .  I n  t he  

s e c t i o n s  of t h i s  chapter ,  f a c t o r s  a f f e c t i n g  t h e  p o t e n t i a l  f o r  a p p l i c a t i o n  

of t h i s  p a r t i c u l a r  HP-ICES, i nc lud ing  a v a i l a b i l i t y  of resources ,  c l imate ,  

economic cons ide ra t ions ,  ins t i tu t iona l /communi ty  f a c t o r s ,  system r e l i a b i l -  

i t y ,  and unique a p p l i c a t i o n  cond i t i ons ,  w i l l  b e  d iscussed .  From t h e s e  

cons ide ra t ions ,  a p r o j e c t i o n  of t h e  p o t e n t i a l  f o r  a p p l i c a t i o n  (through the  

year  2000) w i l l  be developed. 

2.2 FACTORS AFFECTING APPLICATION 

The a i m  of a n  ICES i s  t o  opt imize  energy usage i n  a community, t ak ing  

i n t o  account  t h e  many f a c t o r s  t h a t  may a f f e c t  t h a t  energy usage. The 

focus of t h i s  s e c t i o n  of Chapter 2 w i l l  be  t o  ca ta logue  a n d . d i s c u s s  t h e  

.more important  f a c t o r s  t h a t  w i l l  determine t h e  a p p l i c a b i l i t y  of t h i s  HP,- 

ICES scheme t o  va r ious  communities. 

2 .2 .1  AVAILABILITY OF RESOURCES 

A v i a b l e  b u t  p r e s e n t l y  untapped source  of low-grade thermal energy 

. . . i s  t h e  h e a t  .discharged during domestic energy usage and . r e j ec t ed  

h e a t  from i n d u s t r i a l  processes .  Very low-grade thermal energy, degraded 

from higher  q u a l i t y  sources  through domestic chores  such a s  cooking, 



washing, and ba th ing ,  i s  r e g u l a r l y  discharged from t h e  i n d i v i d u a l  house- 

hold because of i t s  low 'thermodynamic a v a i l a b i l i t y .  Likewise, waste  

h e a t  from i n d u s t r i a l  p rocesses  and heavy machinery cool ing  systems i s '  

discharged because of i t s  low thermodynymic a v a i l a b i l i t y .  A common "sump" . . 

f o r  t h i s  low-grade thermal energy i s  t h e  s a n i t a r y  sewer c o l l e c t i o n  system 

i n  t h e  community. Depending on t h e  s i z e  and make-up of t h e  community, and . 

t he  degree of development of t h e ' a t t e n d i n g  s a n i t a r y  sewer system, b i l l i o n s  

of Btu 's  day may be  a v a i l a b l e  from t h i s  thermal source.  The assump- 

t i o n  t h a t  t h e  energy a v a i l a b i l i t y  o f ,  t h i s  source  h inges  upon, is t h a t  t h e  t&m- 

p e r a t u r e  of t h e  community wastewater e f f l u e n t  &ill be  h igher  than o r  equal  

t o  ground temperature.  Severa l  s i t e - s p e c i f i c  v a r i a b l e s  may a f f e c t  t h e  

e f f l u e n t  temperature by a few p l u s  or .minus  degrees ,  bu t  pre l iminary  in-  ' , .  

. . 
v e s t i g a t i o n  seems t o  v a l i d a t e  t h i s  assumption. A quick  e s t ima te  of t h e  

energy a v a i l a b l e  from t h i s  sou rce  can be developed from flow and tempera- 

t u r e  d a t a  f o r  each s i t e  of app l i ca t ion .  The p r i n c i p a l  advantage of u t i l i z i n g  

t h i s  source  is t h a t  i t  would' be  almost u n i v e r s a l l y  a v a i l a b l e ;  a community 

l a r g e  enough t o  cons ider  a n  i n t e g r a t e d  energy system would i n  a l l  p robab i l i t y . ,  

have an  i n t e r c e p t o r  sewer system and/or  t rea tment  f a c i l i t y  capable of 

supplying enough thermal energy t o  make t h i s  scheme t e c h n i c a l l y  f e a s i b l e .  

A second major advantage is  t h a t  t h e  thermal source  would r e q u i r e  no addi- 

t i o n a l  i n t e r f a c e  wi th  t h e  c e n t r a l  s t a t i o n  h e a t  pump equipment(i .e.  t he  

e f f l u e n t  could b e  .piped d i r e c t l y  t o  t h e  c e n t r a l  h e a t  pumps) . 
Of course ,  s e v e r a l  o t h e r  thermal .energy  sources ,  such as s o l a r ,  

combustion of s o l i d  o r  gaseous was tes ,  o r  composite energy sources  could 

be considered f o r  easy adapt ion  i n t o  a n  RP-ICES scheme. However, s i n c e  

a community wi th  a thermal energy consumption d e n s i t y  s u f f i c i e n t  t o  j u s t i f y  

an  HP-ICES would l i k e l y  have a well-developed wastewater c o l l e c t i o n  system, 



wastewater heat recovery will be evaluated as the primary thermal energy 

source for this particular ICES scheme. Other variations in energy source 

are discussed in Chapter 7 - IDENTIFIED VARIATIONS. 

2.2.2 CLIMATE 
- 

It was mentioned in the preceding section that the base assumption for 

application of this scheme was that the minimum temperature of the wastewater 

effluent would be approximately equal to ground temperature. It is obvious 

from this assumption that climate will have a significant influence upon 

the operating conditions of the system by affecting the conditions of the 

thermal energy source, as well as affecting the capacity of the main heat 

pump components, and the heatinglcooling loads at each end-user location. 

The conditions at the thermal source are site-specific (with climatological 

influences) and should be documented according to the recomkended measure- 

ments discussed in Chapter 8 of this report. The addition of auxiliary 

thermal energy sources may also significantly affect the initial conditions. 

climatological areas of the U.S., and the resultant typical heating loads 

: and system capacities, have been well documented and will be discussed, in 

this section. 

For the purposes of analyzing heating and cooling loads, the United 

States can be.divided into climatological sections according to the number 

of degree-days in a heating or cooling season. ,(A degree-day is based on 

the differ.enee between actual average outside dry bulb temperature and a 

65OF comfort index. As an example, one day with an average temperature 

of 50°P equals 1.5 .degree-days heating: .[ (65O - Tout side )-  x No. days]. 

Figure 2-1 shows the heating degree-day regions in the continental U.S. 
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I n  a study e n t i t l e d  "Heat Pump Technology" by Gordian Associates 

a comprehensive computer s imulat ion of t h e  heating and cooling load of a  

t y p i c a l  residence and commercial bui ld ing was developed. As input ,  the  

program required var ious  parameters such as bui ld ing const ruct ion d e t a i l s  

and mater ia ls ,  o r i e n t a t i o n ,  geographic loca t ion ,  and l o c a l  weather condi- 

t ions .  (Building d e t a i l s  f o r  t h e  simulat ion model a r e  contained i n  Appendix 

A . With t h e  va l ida ted  computer model, the  sub jec t  bui ld ings  could be 

a r t i f i c i a l l y  moved t o  any c l ima t ic  region i n  the  country t o  ob ta in  typ ica l  

heat ing and cooling loads.  Programs were run  f o r  9 c i t i e s  i n  t he  c o n t i n e n t a l  

U.S. (Weather d a t a  f o r  t h e  test c i t i e s  is shown i n  Table A-1 of Appendix A,) 

The r e s u l t s  show loads  i n  t h e  commercial b u i l d i n g  ranging  from 166,510Btuh  



hea t ing  i n  Concord, N.H. t o  206,119 Btuh cool ing  i n  Houston, T::. and i n  t h e  

r e s i d e n t i a l  bu i ld ing  ranging from 52,088 Btuh hea t ing  i n  Concord t o  38,351. 

Btuh cool ing  i n  Tulsa ,  Okla. The t abu la t ed  r e s u l t s  of t h e  s imula t ion  can be 

found i n  Tables  A-2 and A-3 i n  Appendix A, I n  gene ra l ,  t h e  s imula t ion  showed 
. . 

t h a t  t h e  hea t ing  an& cool ing  load and t h e  system hea t ing  o r  cool ing  capac i ty  

is  dependent on out'door temperature.  This  g e n e r a l i z a t i o n  from t h e  computer 

s imula t ion  ag rees  wi th  t h e  performance.data  a v a i l a b l e  from t h e  equipment 
. . 

manufacturers - i . e . ,  s e n s i b l e  and t o t a l  ( s e n s i b l e  + l a t e n t )  cool ing  capa- 

c i t i e s  a r e  func t ions  of indoor wet bulb and indoor and outdoor dry bulb 

temperatures .  While t h e  p r a c t i c e  of a r t i f i c i a l l y  " r e loca t ing  t h e  simulated 

bu i ld ings  t o  d i f f e r e n t  c l i m a t i c  r eg ions  may n o t  g ive  an e n t i r e l y  a c c u r a t e  

i n d i c a t i o n  of t h e  community hea t ing  load  t o  be placed on a  proposed HP- 

ICES because of r e g i o n a l  d i sc repanc ie s  i n  bu i ld ing  cons t ruc t ion  and community 

compositi,on and l ayou t ,  i t  is  e f f e c t i v e  t o  i l l u s t r a t e  s t r i c t l y  t h e  c l i m a t i c  

e f f e c t  on hea t ing  and cool ing loads .  

It must be explained a t  t h i s  po in t  t h a t  t h e  type hea t  pumps proposed 
. . 

f o r  use  i n  t h e  HP-WHR scheme, water-source h e a t  pumps, o f f e r  an advantage 

over t h e  a i r - t o - a i r  hea t  pumps modeled i n  t h e  computer program, e s p e c i a l l y  

i n  t h e  co lde r  reg ions .  I n  t h e  hea t ing  mode, w i th  ambient . tempera tures  

lower than 47" and r e l a t i v e  humidi t ies  h igher  than  60%, s tandard  a i r - to -  

a i r  h e a t  pumps show t h e  tendency t o  f r o s t  on t h e  o u t s i d e  (evapora tor )  c o i l .  

To remove t h e  f r o s t ,  t h e  "de f ros t  cycle"  is  au toma t i ca l ly  engaged and . . 

hea t  is  taken from t h e  condit ioned space and c i r cu l a t ed '  t o  t h e  outdoor 

c o i l  t o  melt  t h e  i c e  build-up. E s s e n t i a l l y  t h e  u n i t  i s  cool ing  t h e  cnn- 

d i t i oned  space dur ing  t h e  d u r a t i o n  of t h e  d e f r o s t  c y c l e ,  and t h e  i n s i d e  

a i r  must be te+ered wi th  a u x i l i a r y  e l e c t r i c  s t r i p  h e a t .  The o v e r a l l  



r e s u l t  is  a lowered C o e f f i c i e n t  of Performance (C.O.P.) f o r  . the a i r - t o - a i r  

h e a t  pump u n i t .  Since., f o r  a  water-source h e a t  pump, t he  h e a t  exchange 

t akes  p l a c e  w i t h . a  water  supply t h a t  i s  kept  a t  temperatures  we l l  above 

t h e  f r e e z i n g  p o i n t ,  no d e f r o s t  cyc l e  is  needed. Therefore,  t h e  water  

sou rce  u n i t  o f f e r s  a h igher  C.O.P. 

Because of t h e  above-mentioned,problem wi th  i c i n g  on t h e  outdoor c o i l  

and t h e  r equ i r ed  d e f r o s t  cyc l e ,  ( a i r - t o -a i r )  h e a t  pumps have had h igher  

acceptance i n  t h e  r e g i o n s . o f  t h e  U.S. w i th  a  small-to-moderate hea t ing  

requirement  and a  ' p r o p o r t i o n a t e l y  l a r g e r  cool ing  requirement (notably t h e  

South) .  However, w i th  t he  thermal energy suppl ied  i n  a c i r c u l a t i n g  water 

medium and t r a n s f e r r e d  ( i n  t h e  h e a t i n g  modes) i n t o  t h e  condit ioned space  

v i a  a  water  source  h e a t  pump, and wi th  a  s t a b l e  thermal energy supply (such 

a s  wastewater e f f luen t ) ,  i t  i s  expected t h a t  system performance ( i n  terms 

of o v e r a l l  C.O.P.)'would be accep tab le  i n  any of t h e  c l i m a t i c  reg ions  of 

t h e  U.S. 

Cl imat ic  d i f f e r e n c e s  w i l l  obviously a f f e c t  system s i z i n g .  From d a t a  

. ' developed i n  t he  subsequent chap te r s  d e t a i l i n g  performance and economics, 

i t  appears  t h a t  anHP-WHR system s i z e d  a t  1000 tons  (12,000,000 Btuh ex- 

t r a c t i o n  r a t e )  and r e q u i r i n g  a  3.0 MGD wastewater flow a s  t h e  thermal source  

would se rve  approximately 470 t y p i c a l  homes i n  a  New England cl ime (6820 . 

Degree-days hea t ing  and approximate 'peak load of 41 ~ ~ t u / h o m e )  compared 

t o  980 t y p i c a l  homes i n  a  Southern cl ime (2350 Degree-days hea t ing  and 

approximate peak load  of 21 ~ B t r ~ / h o m e ) .  To g e n e r a l i z e  t he  c l i m a t i c  

e f f e c t  on system s i z i n g ,  syskeins l oca t ed  i n  co lde r  c l imes w i l l  s e rve  pro- 

p o r t i o n a t e l y  l e s s  end-users than  systems i n  t h e  warmer cl imes f o r  a  given 

s i z e  of c e n t r a l  s t a t i o n  i n s t a l l a t i o n .  A s  a  c o r o l l a r y ,  s e r v i c e  t o  a  given 

number of end-users w i l l  r equ i r e '  a  l a r g e r  c e n t r a l  s t a t i o n  h e a t  pump and 



propor t i ona t e ly  more wastewater flow, i n  t h e  co lde r  c l imes.  

Cl imat ic  i n f l u e n c e s  may a l s o  a f f e c t  t h e  a p p l i c a b i l i t y  of t h e  HP-ICES 

concept i n  a n  i n d i r e c t  manner. Bui lding des ign  and c o n s t r u c t i o n  and commu- 

n i t y  composition and l ayou t  vary no t i ceab ly  from c l i m a t i c  r eg ion  t o  reg ion .  

For example, i n  t h e  c o l d e r  n o r t h e a s t  r eg ions ,  housing p a t t e r n s , t e n d  t o  be , 

more dense, t h e  s t r u c t u r e s  more w e l l  i n s u l a t e d ,  and t y p i c a l l y  t h e r e  is  a  

h igher  degree  of i n d u s t r i a l  development f o r  a  g iven  s i z e  community. These 

c h a r a c t e r i s t i c s  make t h e  a p p l i c a t i o n  of an  HP-ICES d e s i r a b l e  i n  t h e s e  
I 

a r e a s  f o r  t h e  fo l l owing . r ea sons :  t h e  denser  housing p a t t e r n s  make i n s t a l -  

l a t i o n  of a  thermal  energy d i s t r i b u t i o n  system more c o s t  e f f e c t i v e ;  b e t t e r  

i n s u l a t i o n  dec reases  somewhat t he  h e a t  l o s s  from s t r u c t u r e s ;  and waste  

hea t  r e j e c t e d  from i n d u s t r i a l  p rocesses  i n t o  t h e  community's wastewater 

. '  c o l l e c t i o n  system i n c r e a s e s  t h e  amount of thermal energy a v a i l a b l e  f o r  ex- 

t r a c t i o n , w i t h  a n  HP-WHR system. However, i n d i r e c t  e f f e c t s  such a s  t h e s e  

a r e  d i f f i c u l t ,  i f  n o t  imposs ib le ,  t o  q u a n t i f y  through c a l c u l a t i o n s  i n  

. . orde r  t o  determine t h e i r  e f f e c t  on t h e  f e a s i b i l i t y  of t h e  HP-ICES con- 

cep t .  They w i l l  f i g u r e  s i g n i f i c a n t l y ,  though, i n t o  t h e  t e c h n i c a l  and eco- 

nomic v i a b i l i t y  of a  system a s  determined i n  t h e  s i t e - s p e c i f i c  performance 

and economic ana lyses .  
. . 

Unfor tuna te ly ,  i t  is  beyond t h e  scope of t h i s  s tudy  t o  develop d e t a i l e d  

g u i d e l i n e s  f o r  determining the  a p p l i c a b i l i t y  of an  HP-ICES on t h e  b a s i s  

of  c l i m a t i c  facto ' r ' s .  I n s t ead ,  t h e  methodology. f o r  eva lua t ing  t h e  c l i m a t i c  

i n f luences  on t h e  f e a s i b i l i t y  of such system on a  s i t e - s p e c i f i c  b a s i s  w i l l  

be developed i n  t h e  P a r t  I1 a n a l y s i s  of  t h e  demonstrat ion communities. 

However, , to  summarize t h e  previous d i s c u s s i o n s :  1.) Climate w i l l  d i r e c t l y  

a f f e c t  t h e  thermal demand r e l a t e d  t o  space  h e a t i n g  and cool ing  t h a t  w i l l  



be placed on an  HP-ICES. 2 . )  System des ign  and s i z i n g  ( inc lud ing  

determining t h e  number o f . end -use r s  t o  be  served  by t h e  system) w i l l  

d i r e c t l y  depend on t h e  thermal demand on t h e  system and thus  w i l l  be  

a f f e c t e d ,  i n  t u r n ,  by c l imate .  3 . )  I n d i r e c t  c l i m a t i c  e f f e c t s  seen i n  

bu i ld ing  c o n s t r u c t i o n  and community composition w i l l  i n f luence  t h e  f e a s i -  

. . b i l i t y  of a n  HP-ICES, a l b e i t  through t h e  procedures  f o r  performance and 

economic a n a l y s i s .  4. ) Sys tem performance ( i n  t e r m s  o f  o v e r a l l  energy 

e f f e c t i v e n e s s )  i s  expected t o  be accep tab le  i n  any of t h e  c l i m a t i c  reg ions  . 

of .  t h e  U.S. 

2 . 2 . 3  ECONOMIC CONSIDERATIONS 

A c r i t i c a l  f a c t o r  i n  judging t h e  a c c e p t a b i l i t y  of an HP-.ICES t o  t h e  

community is  cos t - e f f ec t iveness .  "It should be s t r e s s e d  t h a t ,  a l though 

t h e  saving of f u e l  may be an  acknowledged goa l  f o r  t h e  country,  i n  a f r e e  

market t he  i n d i v i d u a l  consumer is expected only  t o  pay f o r  e f f i c i e n c y  t o  

t h e  e x t e n t  t h a t  t h e  added investment could p o t e n t i a l l y  be  recovered through 

10 
t h e  sav ings  i n  f u e l  consumption." Thus, consumer acceptance can be ex- 

pected t o  h inge  upon a f avorab le  comparison of sav ings  i n  energy c o s t s ~ v s .  

a d d i t i o n a l  c o s t  of t h e  i n d i v i d u a l  h e a t  pump u n i t  p l u s  t h e  thermal u t i l i t y  

expense. The f a c t o r s  e n t e r i n g  i n t o  t h i s  comparison can be expressed i n  

, . "  
I an  e q u a t i o n . f o r  annual ized c o s t :  

Annualized Cost = ( I n s t a l l e d  Cost) x (Cap i t a l  Recovery Fac tor )  

+ (Annual Energy Use) x (Unit P r i c e  of Energy) 

+ Annual Maintenance 

An HP - ICES can be  c a t e g d r i z i d  a s  a c a p i t a l  i n t e n s i v e  ven tu re  by 

v i r t u e  of t h e  l a r g e  f i r s t - c o s t  a s s o c i a t e d  wi th  cons t ruc t ing  t h e  Cent ra l  

S t a t i o n  and d i s t r i b u t i o n  system. Such a n  i n s t a l l a t i o n  e f f e c t i v e l y  cen t r a l -  

i z e s  a major p o r t i o n  of t h e  energy-related expenses and o f f e r s  t h e  economies 



of s c a l e  a v a i l a b l e  i n  t h e  form of municipal o r  i n s t i t u t i o n a l  energy r a t e s .  

Being a  c a p i t a l  i n t e n s i v e  venture ,  though, t he  economic v i a b i l i t y  of such 

a  system w i l l  be  s i g n i f i c a n t l y  a f f e c t e d  by the  a v a i l a b i l i t y  and c o s t  of 

c a p i t a l .  I n f l a t i o n a r y  t r ends  w i l l  i n c r e a s e  the  i n s t a l l e d  c o s t  of an  ICES 

(note  the  importance. of i n s t a l l e d  c o s t  i n  t h e  equat ion  f o r  a h u a l i z e d  cos t )  , 

thus  adverse ly  a f f e c t i n g  t h e  a v a i l a b i l i t y  of c a p i t a l  f o r  such a  system. 

The c u r r e n t  c o s t  of c a p i t a l  would a l s o  f i g u r e  prominently by way of in -  

f luencing.  t h e  c a p i t a l  recovery f a c t o r .  A s  c o s t s  and i n t e r e s t  r a t e s  r i s e ,  

e i t h e r  independent ly o r  j o i n t l y ,  t h e  r e s u l t  w i l l  be  a  h igher  system 

annual ized c o s t  which must be apport ioned t o  t h e  end-users by means of t h e  

thermal u t i l i t y  charge. 

Ind iv idua l  end-user space condi t ion ing  systems, on t h e  o t h e r  hand, 

can be ca tegor ized  a s  energy i n t e n s i v e  systems. The a f f e c t s  of i n f l a t i o n  

on system i n s t a l l e d  c o s t s  and o'n a v a i l a b i l i t y  and c o s t  of c a p i t a l  a r e  r a r e l y  

no t i ced  because of t h e  p ropor t iona te ly  smal l  expense of t h e  system a s  com- 

pared t o  t h e . o v e r a l 1  c o s t  of a res idence ,  e s p e c i a l l y  when t h e  system c o s t s  

are amortized through a  t y p i c a l  new home mortgage. Esca l a t ing  energy c o s t s  

.(which t r a n s l a t e  i n t o  h igher  ope ra t ing  c o s t s  f o r  space  condi t ion ing)  a r e  

immediately no t i ced  by the  consumer, however, because t h i s  po r t fon  of t h e '  

annual ized system c o s t  is  pa id  "out-of-pocket.' ' Because consumers have 

become so  energy conscious of l a t e ,  t h e  r i s i n g  t rend  of energy c o s t s  may 

be regarded a s  a  major a c c e l e r a t i n g  economic f a c t o r  f avo r ing  an HP-ICES. 

I n  [act, purchaocrs of space cnndi t ion ing  equipment have ind ica t ed  i n  re -  

cent  surveys (Arkansas Power & Light  Co . , 1974, P ro fe s s iona l  Bui lder ,  
2 6 

1976 ) t h a t  lower ope ra t ing  and main,tenance c o s t  expec ta t ions  were reason- 

a b l e  j u s t i f i c a t i o n  f o r  purchasing a h e a t  pump, and t h a t  a n  a d d i t i o n a l  in-  

vestment of up t o  $600 f o r  energy conserva t ion  would be accep tab le  i f  t h e  



10 . 
payout were w i t h i n  s i x  yea r s ;  

It must be explained a t  t h i s  p o i n t  t h a t  t h e r e  i s  a trade-off t o  be 

optimized according t o  t he  end-users '  b e s t  i f i t e r e s t .  I f  t h e  consumer is  

t o  be  expected t o  f i nance  t h e  incremental  c o s t  of a h e a t  pump over con- 

v e n t i o n a l  r e s i d e n t i a l  space condi t ion ing  a l t e r n a t i v e s ,  t h e  Cent ra l  S t a t i o n  

and d i s t r i b u t i o n  system of a n  HP -ICES must be  f inanced a t  t h e  most advan- 

tageous c o s t s  and rates so  ' t h a t ,  when t h e  annual ized c o s t  of t h e  system is  

apport ioned t o  t h e  end-users through t h e  thermal u t i l i t y  charge,  t h c  coot  

of t h e  .thermai u t i l i t y  p l u s  t he  nominal charge f o r  energy ( e l e c t r i c i t y )  

requi red  t o  run  h i s  system w i l l  compare favorably  wi th  t h e  energy charge 

t h a t  could be expected f o r  running a more convent ional  r e s i d e n t i a l  space 

condi t ion ing  system s o  t h a t  t h e  expected' payback per iod  on t h e  end-users '  

equipment would f a l l  w i t h i n  an accep tab le  range. 

It is expected t h a t  i n s t a l l a t i o n  c o s t s  f o r  an HP-ICES w i l l  remain 

w e l l  w i th in  t h e  reasonable  range. The major e f f e c t  of h igh  c d s t s  and 

i n t e r e s t  r a t e s  would b e  t o  make t h e  system less cost-competi t ive wi th  o t h e r  .. 

i n d i v i d u a l  end-user system a l t e r n a t i v e s  and thus  slow t h e  r a t e  a t  which 

' new.customers would be  a t t r a c t e d  t o  t i e - i n  t o  t h e  system. 

2.2.4 INSTITUTIONAL/COMMUNITY CONSIDERATIONS 

Acceptance of  an 'HP-ICES i n  the  community w i l l  depend heav i ly  upon 

t h e  acceptance from t h e  i n d i v i d u a l  consumer. Heat pump equipment marketed 

i n  t h e  1950's  and e a r l y  1960's  had s e r i o u s  problems wi th  performance and 

r e l i a b i l i t y ,  i n  a d d i t i o n  t o  s u b s t a n t i a l  problems wi th  i n s t a l l a t i o n  and 

se rv i c ing .  The n e t  r e s u l t ' o f  'these compounding problems was a genera l  re-  

j e c t i o n  of h e a t  pump equipment by t h e  pub l i c .  However, r e c e n t  s t r i d e s  

i n  improving performance and the  c u r r e n t  focus on energy conserva t ion  

seem t o  be changing t h e  a t t i t u d e  of the  consumer. Recent surveys have 

shown t h a t  consumers would be  w i l l i n g  t o  i n v e s t  t h e  a d d i t i o n a l  f i r s t  c o s t  

36 



of a  h e a t  pump (up t o  approximately $600) f o r  t h e  improved performance and 

lower ope ra t ing  and main tenance .cos ts .  A b r i e f  look  a t  consumer demographics 

suppor ts  t h i s  conten t ion;  t h e  1976 average new home c o s t  of $48,600 i n d i c a t e s  

t h a t  t h e  housing market has  s h i f t e d  t o  a  p o s i t i o n  where t h e  h e a t  pump could 

be considered an  a l t e r n a t i v e  f o r  t h e  average new r e s i d e n t i a l  bu i ld ing .  Non- 

r e s i d e n t i a l  consumers seem r e c e p t i v e  t o  t h e  h e a t  pump market i f  an  economic 

a n a l y s i s  of system owning and ope ra t ing  c o s t s  p r o j e c t s  a  payback per iod  of 

from two (2) t o  f i v e  (5) years., 

One p o t e n t i a l  stumbling block t o  community acceptance may b e  requi re -  

ments s e t  f o r t h  i n  state and l o c a l  bu i ld ing  codes.   here a r e  no s p e c i f i c  

provis ions  i n  t h e  model bu i ld ing  codes recognized by HUD and HEW (codes: 

BOCA, ICBO,  Nat ional  Board of F i r e  Underwri ters ,  Southern Building Code 

congress  I n t e r n a t i o n a l )  t h a t  cover h e a t  pumps, a l though va r ious  r e l a t e d  

s e c t i o n s  t h a t  cover mechanical r e f r i g e r a t i o n ,  e l e c t r i c  s t r i p  h e a t ,  and 

genera l  e l e c t r i c a l  requirements  w i l l  apply.  General ly ,  though, t h e r e  a r e  

no p rov i s ions  i n  t h e  model bu i ld ing  codes t h a t  a r e  seen as ove r ly  r e s t r i c t i v e .  

A p rov i s ion  i n  t h e  Ca l i fo rn i a 'Ene rgy  Code s t a t i n g  t h a t  e l e c t r i c  r e s i s -  

t ance  hea t ing  cannot exceed 1 0  percent  of t h e  bu i ld ing  space hea t ing  requi re -  

ment ( f o r  non- re s iden t i a l  bu i ld ings )  may prove troublesome. The e l e c t r i c  

s t r i p  hea t  of an  a i r - t o - a i r  hea t  pump would f a l l  under t h i s  r e s t r i c t i o n .  

However, i t  should be noted t h a t ,  s i n c e  t h e  thermal energy i n  t h i s  HP-ICES 

i s  suppl ied  i n  a c i r c u l a t i n g  water  medium whose temperature w i l l  no t  f a l l  

below the (water ~ o u r c e )  h e a t  pump balance p o i n t ,  t h e  u se  of a u x i l i a r y  

e l e , c t r i c    trip h e a t  i s  nnt a n t i c i p a t e d .  

Separa te  performance codes f o r  h e a t  pumps based on t h e  ASHRAE 90-75 

performance s tandard  (American Socie ty  of Heating, ~ e f  r i g e r a t i o n ,  and 

Aj.r-Conditioning Engineers,  Inc . )  a r e  now being developed by t h e  model 



code o rgan iza t ions .  However, s i n c e  t h e  codes a r e  being developed from 

s t anda rds  a l r e a d y  g e n e r a l l y  accepted i n  t h e  indus t ry ,  t h e s e  new p rov i s ions ,  

whose requirements  a r e  presented  below, a r e  no t  s e e n . a s  i n h i b i t i n g  f a c t o r s .  

MINIMUM C.O.P. REQUIREMENT 

OUTDOOR TEMP. OF BY 1/1/77 BY 1 /1 /80  

47 Dry Bulb, 43 Wet Bulb 2.2 
17 Dry Bulb, 1 5  Wet Bulb 1 .2  

A las t  major ques t ion  i n  t h e  community acceptance of a n  HP-TCES 

is whether t h e  community, a s  an  e n t i t y ,  w i l l  accept  t h e  idea  of an  addi- 

t i o n a l  municipal  u t i l i t y ,  t o  be b i l l e d  i n . t h e  same manner a s  e l e c t r i c i t y ,  

water  u s a g e ' o r  n a t u r a l  gas.  The growing acceptance of t h e  pub l i c  t o  h e a t  

pumps, p l u s  t he  growing concern f o r  energy conserva t ion  seem t o  i n d i c a t e  

a receptivenes's on t h e  p a r t  of t he  community. However, t h e  u l t i m a t e  accept-  

ance w i l l  depend upon t h e  understanding of t he  b e n e f i t s  of a n  HP-ICES: 

i t s  improved performance i n  t h e  t a s k  of space  condi t ion ing  ( a s  compared 
e 

to '  t h e  more convent iona l  end-user systems) and t h e  r e s u l t i n g  cost-effec-  

t i veness  of such a system. Some form of community educa t ion  may be nec- 

e s s a r y  t o  f a c i l i t a t e  community acceptance on t h i s  b a s i s .  

2 .2 .5  RELIABILITY 

Overa l l  system r e l i a b i l i t y  w i l l  depend upon two f a c t o r s :  r e l i a b i l i t y  

of t h e  energy supply and i t s  a s s o c i a t e d  convers ion/de l ivery  equipnient, ,and 

t h e  r e l i a b i l i t y  of t h e  Cen t r a l  S t a t i o n  h e a t  pump equipment. Tn the r e s i -  

d e n t i a l  s e c t o r ,  a r e l i a b i l i t y  bonus i s  o f f e r e d  wi th  t h i s  system i n  t h a t  

t h e  end-user w i l l  u t i l i z e  a water  source  h e a t  pump. 

An a d d i t i o n a l  cons ide ra t ion  i n  spec i fy ing  an energy source  f o r  a 

p a r t i c u l a r  s i t e  of a p p l i c a t i o n  i s  the  degree of r e l i a b i l i t y  t h a t  could be 

expected from each a v a i l a b l e  source and i t s  a s s o c i a t e d  equipment.' One 



p r i n c i p a l  reason ,  a s i d e  from a v a i l a b i l i t y ,  t h a t  s o l a r  energy o r  w a s t e . h e a t  

recovery b o i l e r s  a r e  no t  u t i l i z e d  as. primary energy sources  i s  t h e  i n t e r -  

r u p t a b l e  n a t u r e  of t he  energy supply. A s o l a r  supply has t h e  obvious d i s -  

advantage of ove rcas t  s k i e s .  A waste  h e a t  recovery b o i l e r  has a two-fold 
... . 

disadvantage i n  i t s  dependence on a supply of prepared f u e l s  such as t r a s h  

o r  wood sc raps  ( d i f f i c u l t i e s  a t  t h e  process ing  s t a t i o n  o r  i n  t r a n s p o r t a t i o n  

would e f f e c t i v e l y  s h u t  down the  b o i l e r  s t a t i o n ) ,  i n  a d d i t i o n  t o  t h e  need 

f o r  p e r i o d i c  maintenance ( a s  pe r  insurance  r e g u l a t i o n s  and va r ious  pressur-  

ized  b o i l e r  codes) and t h e  p o t e n t i a l  f o r  forced  outages.  Wastewater e f f l u e n t ,  

on the  o t h e r  hand, is  a cont inuous process  flow t h a t  should provide  a 

f a i r l y  cons t an t  energy supply. Flow q u a n t i t i e s  through t h e  sewage t r e a t -  

, ment p l a n t  a r e  c y c l i c ,  on d a i l y  and weekly p a t t e r n s ,  b u t  most t rea tment  

p l a n t s  have a r e c i r c u l a t i o n  p rov i s ion  f o r  t he  minimum requ i r ed  flow through 

the  p l a n t  t h a t  may be u t i l i z e d  as a second t i e - i n  p o i n t  on the  energy source.  

'Some allowance can be made f o r  down time on the  energy supply subsystem 

i n  s i z i n g  the  thermal s t o r a g e  capac i ty  i n  t he  system. However, engineer-  

ing  judgement d i c t a t e s  t h a t  t h e  l e a s t  complicated energy supply subsystem 

be s p e c i f i e d  t o  improve system r e l i a b i l i t y  and t o  avoid compounding problems 

i n  o t h e r  segments .of t h e  system. 

A second major cons ide ra t ion  i n  opt imizing system r e l i a b i l i t y  is. t h e  

.expected r e l i a b i l i t y  of t h e  equipment t o  be u t i l i z e d  a t  t h e  Cen t r a l  S t a t i o n .  

A l l  major brands of heavy HVAC equipment r e f l e c t  s ta te -of - the-ar t  des ign  

and component s e l e c t i o n  f o r  performance - and r e l i a b i l i t y ,  and as such, could 

be expected t o  run f o r  extended per iods  wi th  l i t t l e  o r  no maintenance. 

However, i n  looking ahead t o  t h e  i n e v i t a b l e  maintenance outage,  t h e r e  a r e  

p rov i s ions  i n  t h e  des ign  of t h e  Cen t r a l  S t a t i o n  t h a t  w i l l  minimize t h e  

consequences of a n  equipment outage and thus  enhance the  system r e l i a b i l i t y .  



A l l  major 'manufacturers  o f f e r  gu ide l ines  f o r  s e l e c t i n g  and i n s t a l l i n g  mult i -  

p l e  u n i t s .  General ly ,  t h i s  type  a p p l i c a t i o n  involves  s p l i t t i n g  . the load  

of t h e  s t a t i o n  between two pumps (o r  more), each s i z e d  a t  approximately 

60% (p ropor t iona te ly  l e s s  i f  more u n i t s  a r e  u t i l i z e d )  of t h e  es t imated  load .  

Depending on s i t e - s p e c i f i c  cond i t i ons  and requirements  such a s  t empera tu re ,  

supply and r equ i r ed  temperature of t h e  d i s t r i b u t i o n  medium, the  u n i t s  may 

be connected i n  a p a r a l l e l  o r  s e r i e s  p ip ing  conf igu ra t ion .  Such a design 

would l e s s e n  t h e  load  on both u n i t s  under a l l  bu t  peak cond i t i ons  and thus  

extend t h e  l i f e  of t h e  equipment. Necessary c rossover  and bypass p ip ing  
. . 

a t  t h e  s t a t i o n  would a l s o  enable  each u n i t  t o  s e r v e  a s  a back-up t o  t h e  

o t h e r ' i n  t h e  event  of a forced  o r  maintenance outage.  

System r e l i a b i l i t y  w i l l  be judged i n  t h e  end-user segment n o t  on ly  

by t h e  r e l i a b i l i t y  of t he  thermal s e r v i c e  provided by t h e  Cen t r a l  S t a t i o n  

b u t  a l s o  by the  r e l i a b i l i t y  of t h e  equipment r equ i r ed  t o  u t i l i z e  i t .  This 

HP- ICES o f f e r s  t h e  advantages of u t i l i z i n g  water  source  h e a t  pumps a t  t he  

end-user. Water temperature i s  expected t o  range from 50' t o  90°F, where- 

a s  a i r  temperature may range from -10' t o  9 5 ' ~ .  The water- to-air  systems 

e l imina te  t he  need t o  o p e r a t e  a t  low h e a t  source  . temperature condi t ions ,  

wh i l e  the a i r - t o - a i r  u n i t s  ope ra t ing  a t  low ambient temperatures r e q u i r e  ' 

a high  compressor d i scha rge  gas temperature because of t h e  h igh  p re s su re  

r a t i o  ac ros s  which t h e . r e f r i g e r a n t  must be pumped. The e f f e c t  is  t o  p l ace  

a s t r e s s  on  t h e  a i r - t o - a i r  system compressor and reduce i t s  r e l i a b i l i t y .  

Thus, i t  i s  be l ieved  t h a t  t h e  r e l i a b i l i t y  of a water- to-air  h e a t  pump u n i t  

would be g r e a t e r  than  t h a t  of an  a i r - t o - a i r  u n i t  of s i m i l a r  compressor 

des ign .  7 

2.2.6 UNIQUE APPLICATION CONDITIONS 

It is  n o t  expected t h a t  t h i s  HP-ICES scheme w i l l  be  ove r ly  dep-en- 



dent  on any unique a p p l i c a t i o n  condi t ions .  With t h e  wastewater e f f l u e n t  

from a  community providing t h e  thermal energy inpu t  t o  t he . sys t em,  t h e r e  

w i l l  no t  b e  a  dependence on a n  energy source  t h a t  may be p a r t i c u l a r  t o  a  

s p e c i f i c  reg ion  o r  community con f igu ra t ion .  V i r t u a l l y  any community wi th  
.. . . . . .. 

a  thermal load  demand and popula t ion  d e n s i t y  high enough t o  pake an HP-ICES 

c o s t  e f f e c t i v e  w i l l  have a  sewage t rea tment  f a c i l i t y  t h a t  could be u t i l i z e d  

f n  t h i s  scheme. I n  a r e a s  wh.ere a d d i t i o n a l  r e sou rces  a r e  a v a i l a b l e ,  t h e  

wastewater thermal sou rce  may be  augmented wi th  one o r  s e v e r a l  a l t e r n a t i v e  

ene& sources  d iscussed  i n  Chapter 7  - IDENTIFIED VARIATIONS. I n d u s t r i a l  I 

i n s t a l l a t i o n s  w i t h i n  t h e  community t h a t  d i scharge  waste  h e a t  (such a s  a  

power p l a n t )  may d i c t a t e  t h a t  t h e  Cent ra l  S t a t i o n  be loca t ed  near  t h a t  

p a r t i c u l a r  f a c i l i t y ,  o r  t h a t  a modular Cen t r a l  S t a t i o n / d i s t r i b u t i o n  system 

(one wi th  s e v e r a l  thermal energy s u p p l i e s  l oca t ed  i n  d i f f e r e n t  a r e a s  of 

t h e  community) be adapted t o  t h i s  scheme. General ly ,  t h e  u n i v e r s a l  a v a i l -  

a b i l i t y  of wastewater a s  t he  primary energy source  w i l l  a l low a  broad scope 

of p o t e n t i a l  a p p l i c a t i o n s  and t h e  a v a i l a b i l i t y  of a d d i t i o n a l  resources  w i l l  

enhance t h e  e f f e c t i v e n e s s  of such'  a  system. 

'2.2.7 SUMMARY 

The fol lowing g e n e r a l i z a t i o n s  a r e  o f f e r e d  i n  summary of t h e ' f o r e g o i n g  

d i scuss ions  of c r i t e r i a  t h a t  w i l l  determine t h e  a p p l i c a b i l i t y  of an  ICES.  

A community is broadly def ined  as "a complex of f a c i l i t i e s  (and open spaces)  

t h a t  a r e  employed i n  human a c t i v i t i e s  and t h a t  a r e  connected by networks 

' for  'moving people,  messages, goods, and s e r v i c e s  i n  t h e  r e s i d e n t i a l ,  com- 

merc ia l ,  i n d u s t r i a l ,  a g r i c u l t u r a l ,  r e c r e a t i o n a l ,  o r  i n s t i t u t i o n a l  s e c t o r s  

o r  combination '.pf s e c t o r s "  (from Request f o r  Proposal  78-4327). 4 5  Thus 

any number of community con f igu ra t ions  may be  considered a  candida te  f o r  

some form of ICES. The common denominator requirement is t h a t  t h e  candida te  



community show a thermal load  demand and a popula t ion  (user )  d e n s i t y  h igh  

enough t o  make a c e n t r a l  f a c i l i t y  f o r  h e a t  r ec l a im and i t s  a s s o c i a t e d '  

d i s t r i b u t i o n  system cos t - e f f ec t ive .  Waste h e a t  i n  t h e  .community's waste- 

water  e f f l u e n t  is  expected t o  be t h e  most u n i v e r s a l l y  a v a i l a b l e  thermal 

energy source.  However, t h e  primary energy supply may be augmented wi th  

one. o r  s e v e r a l  o t h e r  energy supply op t ions ,  depending  on t h e i r  a v a i l a b i l i t y .  

Climate w i l l  a f f  e c t  s i g n i f i c a n t l y  t h e  hea t ing /cool ing  load  demanded from 
' 

a n  ICES, and thus  system s i z i n g ,  a l though i t  w i l l  n o t  s i g n i f i c a n t l y  a f f e c t  

t h e  gene ra l  a p p l i c a b i l i t y  of such a:system. Economic cond i t i ons  a r e  f avo rab le  

f o r  t h e  implementation of a n  HP-ICES i f  t h e  system proves cost-competi t ive 

w i t h  the  o p t i o n s  now a v a i l a b l e  i n '  r e s i d e n t i a l  and commercial HVAC. S t a t e  

and l o c a l  b u i l d i n g  codes should no t  prove t o  be ove r ly  r e s t r i c t i v e  t o  such 

an HP-ICES. . However,.some form of community educa t ion  may be necessary 

t o  f a c i l i t a t e  acceptance  of a n  ICES. And f i n a l l y ,  r e l i a b i l i t y  w i l l  be  a 

maj'or cons ide ra t ion  i n  t h e  s p e c i f i c a t i o n  and des ign  of t h e  Cen t r a l  S t a t i o n  

and i t s  a s s o c i a t e d  equipment. With t h i s  gene ra l  c a t e g o r i z a t i o n  i n  mind, 

i t  i s  obvious t h a t  a broad range of communities w i l l  q u a l i f y  f o r  consid- 

e r a t i o n  f o r  an  HP-ICES based on t h e  HP-WHR scheme. 

PROJECTIONS 

I n  o r d e r  t o  a s s e s s  t he  d e s i r a b i l i t y  of promoting t h e  HP-ICES concept ,  

i t  is necessary t o  quan t i fy  t h e  a p p l i c a b i l i t y  of any p a r t i c u l a r  scheme by 

developing estimates of t h e  p o s s i b l e  p o i n t s  of a p p l i c a t i o n  and of t he  

energy savings  t h a t  w o u l d ' r e s u l t  from implementation of such a scheme i n  

t h e s e  co-unities. , P r o j e c t i o n s  f o r  eva lua t ing ,  the  a p p l i c a b i l i t y  of t h e  

HP-WHR scheme w i l l  be developed by examining the  p o t e n t i a l  f o r  thermal 

energy supply (from wastewater e f f l u e n t )  and the  co inc iden t  community 

space  condi t ion ing  load  t h a t  could be handled by an  HP-WHR system. 



2.3.1 THERMAL ENERGY SUPPLY 

From the  d i scuss ion  i n  previous s e c t i o n s ,  i t  can be seen t h a t  t h e  

p o t e n t i a l  f o r  a p p l i c a t i o n  of t h i s  HP-WHR scheme i n  a n  In t eg ra t ed  Community 

Energy System (ICES) w i l l  be  based on t h e  a v a i l a b i l i t y  of community waste- 

water e f f l u e n t  a s  t h e  primary thermal energy source.  The a v a i l a b i l i t y  

o t  this supply w i l l ,  i n  t u rn ,  be hased upon t h e  popula t ion  t h a t  is  se rv i ced  

by wastewater c o l l e c t i o n  systems. The t o t a l  flow of wastewater a v a i l a b l e  

a s  a  thermal energy supply is  def ined  by t h e  fol lowing equat ion:  

Avai lab le  Flow = [(Populat ion a t  year  T) 
x(Z Sewered Populat ion)  
x(Per  c a p i t a  water  consump- 

t i o n ) ]  + I n d u s t r i a l  Discharge. (2-1) 

With t h e  v a r i a b l e s  explained .below. 

Populat ion - u l t i m a t e  popula t ion  of s e r v i c e  a r e a  a t  t h e  t a r g e t  

' d a t e ,  year  .T. This p r o j e c t i o n  w i l l  be  made on a  nationwide b a s i s  

and .thus w i l l  u t i l i z e  n a t i o n a l  p r o j e c t i o n s  f o r  t o t a l  populat ion.  

Percent  Sewered Popula t ion  - t h e  p o r t i o n  of t he  t o t a l  popula t ion  

t h a t  i s  served by wastewater c o l l e c t i o n  systems and a t t e n d i n g  

sewage t rea tment  f a c i l i t i e s  which could be considered fo.r r e t r o f i t  . . 

of an  HP-WHR system. A maximum percentage f i g u r e  of 70% (.70). 

of t he  t o t a l  U.S. popula t ion  connected t o  sewage systems is  taken 

from t h e  S t a t i s t i c a l  Summary of t h e  1968 Municipal Waste. F a c i l i t y  

inventory ." The u l t i m a t e  f i g u r e  used i n  t h e  e s t ima te  w i l l  be  

somewhat lower,  as expla ined  i n  l a t e r  d i scuss ion .  

Per  Capi ta  Water Consumption - t o t a l  water  use (and d ischarge)  is  

es t imated  us ing  the  t y p i c a l  f i g u r e  f o r  average consumption of 

100  ga l lons  per  c a p i t a  per  day (gpcd) .3 Var ia t ions -  i n  flow range 

from 50% t o  170% of t h e  average on a  d a i l y  cyc l e .  Thus, t h e  a c t u a l '  

instarltaneous flow ava i lah l . .~ .  f o r  h e a t  t r a n s f e r  may vary  above o r  



below the average ( in gpm - prorated from the average daily flow 

figure) . However, it is expected that, over a 24-hour cycle, and 

accounting for the averaging - effect of,the thermal storage_capa.ci_ty 

incorporated into the system, the average figure of 100 gpcd will 

be available as the thermal energy supply. 

Industrial Discharge - water discharged (in gallons per day average) 
from industrial processes into the wastewater collection system. 

: This figure will vary with each site of application and thus will 
. . 

be used only when developing a site-specific estimate of available 

wastewater flow. 

With the. total flow of wastewater available as the thermal energy 

source defined, the total amount of heat available from the thermal supply 

can be calculated from the following equation: 

Q = .WC (AT) 

Where 

Q = total heat, Btu 
W = flow of wastewater, lbs. 
C = specific heat of water (assumed to be 1.0 Btu/lbs.-OF)' 
AT = change in temperature in supply medium, OF (essentially 

this is the heat transferred out of the wastewater ,flow). 
A AT of 10°F, widely used in HVAC system design, will be 
assumed as the temperature drop across the central station . 
'equipment heat exchanger. 

The two equations can be combined to define the total thermal energy 

available, Q (in Btu's), from wastewater effluent as a function of total . ,  . . 

population. Thus : 

= {[(~opulation at year T) x (% Sewered.Population) 
x (Per Capita Water Consumption) ] + Industrial Discharge (@) ) 

lbs Btu Btu day 
xI8.33 ;I (1.0 {AT (OF)) - 

gal lb- F day 



Which reduces t o  : 

Q = (Populat ion a t  yea r  T) x  (% Sewered Populat ion)  
Btu 

x (100) x (8.33) x (1.0) x  (10) - 
day 

Btu 
= 8330 (Populat ion)  (% Sewered Populat ion)  - 

day 

Btu (2-3) 
Q = 3.040 x l o 6  (Populat ion)  (% Sewered Popqlat ion)  year 

I 

Note t h a t  I n d u s t r i a l  Discharge i s  d e l e t e d  from equat ion  
2-3 and w i l l  be used only  i n  s i t e - s p e c i f i c  ana lyses .  

2.3.2 THERMAL ENERGY DEMAND 

With t h e  q u a n t i t i e s  of thermal energy a v a i l a b l e  from wastewater de- 

f i ned ,  some cons ide ra t ion  must be given t o  the  ba lance  between energy supply 

and demand i n  o rde r  t o  determine t h e  number and s i z e  of communities which 

may be considered f o r  a HP-WHR system a p p l i c a t i o n .  

From d a t a  developed i n  t h e  subsequent performance and economic ana lyses  

(and d iscussed  b r i e f l y  i n  s e c t i o n  2.2.2 - CLIMATE), a  c e n t r a l  s t a t i o n  

i n s t a l l a t i o n  of 1000 ton  capac i ty  would r e q u i r e  3. 0 MGD wastewater f low t o  

supply t h e  hea t ing  requirements  of 470 homes i n  a New England cl ime wi th  

approximately 6820 degree-days per  hea t ing  season. (Note: System per- 

formance i n  a  New England cl ime is  used a s  t h e  b a s i s  f o r  t h i s  eva lua t ion  

because performance dur ing  t h e  hea t ing  season is  seen  a s  t h e  l i m i t i n g  

c r i t e r i o n  i n  opt imiz ing  the  ba lance  between thermal energy supply and 

demand on the  system. Thus, de f in ing  flow q u a n t i t i e s  on the  b a s i s  of 

s a t i s f a c t o r y  performance i n  a  cold c l ima te  w i l l  throw t h e  u l t i m a t e  e s t ima te  

of t h e  number of communities t o  be considered f o r  such a  system t o  t h e  

conserva t ive  s i d e . )  P ro ra t ing  the  flow requirements  t o  each r e s idence  

g ives  a minimum flow per  home of 6383 g a l l o n s  per  home per  day 
home-day 1 

From a t e c h n i c a l  s t andpo in t  i t  would be p o s s i b l e  t o  s i z e ,  des ign ,  and 



i n s t a l l  a n  HP-WHR system f o r  perhaps a s  few a s  5 homes, a l though t h e  

chances f o r  econoinic v i a b i l i t y  of such a smal l  system would be very s l i m .  

Therefore,  t o  f a c i l i t a t e  s y s  tern des ign  and c o n s t r u c t i o n  and t o  a c c e l e r a t e  

t he  economic recovery of t he  system c a p i t a l  c o s t s ,  t he  s m a l l e s t  . . system t o  

cons ider  would cover  a n  approximate 100 home s e r v i c e  a r ea .  The waste- 

water  flow requ i r ed  f o r  t h i s  s e r v i c e  a r e a  would then  be 638,300 ga l lons  

per  day. This  f i g u r e ,  d iv ided  by t h e  100 g a l l o n  pe r  c a p i t a  per  day average 

water  consumption f i g u r e ,  g ives  t h e  popula t ion  of t h e  t h e o r e t i c  minimum 

s i z e  community t h a t  could be  considered as a candida te  f o r  an  HP-WHR 

system: 6383 persons.  With allowances f o r  minor v a r i a t i o n s  i n  hea t ing  

loads ,  s e r v i c e  a r e a s ,  and i n d u s t r i a l  discharges. ,  and t o . f a c i l i t a t e  t h e  

d e r i v a t i o n  of.community and popula t ion  estimates from a v a i l a b l e  s t a t i s t i c s ,  

communities w i t h  popula t ions  of 5000 persons o r  more w i l l . b e  considered 

candida tes  f o r  a n  'HP-WHR system. It  should be  noted he re  t h a t  an  ICES 

(and i n  t h i s  c a s e  an  HP-WHR system) can be app l i ed  t o  a t o t a l  community 

o r  j u s t  t o  p o r t i o n s  of i t .  The HP-WHR concept depends upon the  idea  of  

rec la iming  waste  h e a t  from t h e  t o t a l  flow of community wastewater and 

d i s t r i b u t i n g  it i n t o  c e r t a i n  v i a b l e  s e r v i c e  a r e a s ,  n o t  n e c e s s a r i l y  t he  

f u l l  community. Thus, an  HP-WHR h e a t i n g  system se rv ing  a smal l  a r e a  

i n t e g r a t e d  wi th  a wastewater c o l l e c t i o n  system se rv ing  a l a r g e r  a r e a  does 

n o t  c o n t r a d i c t  t h e  ICES concept.  However, d e f i n i n g  a miminurn popula t ion  

l i m i t  f o r  community s i z e  is  necessary  when cons ider ing  t h e  ba lance  between 

thermal energy supply and demand on the  minimum accep tab le  s i z e  system. 

With the  c o n s i d e r a t i o n s  of thermal energy s u p p l y ' o u t l i n e d  i n  t h e  preceeding 

s e c t i o n  and the  above mentioned gu ide l ines  on community s i z e ,  e s t ima te s  

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

savings  can  be developed. 



2.3.3 ESTIMATES 

.Es t imates  f o r  p o i n t s  of a p p l i c a t i o n ' a n d  f o r  energy conserva t ion  t o  be 
. . 

made on a .na t ionwide  b a s i s  w i l l  n e c e s s a r i l y  be based on a s e t  of assumptions. 

The fol lowing d i scuss ions  d e t a i l  t he  assumptions p e r t i n e n t  t o  t he  e s t ima te s  

t o  be developed i n  t h i s  s e c t i o n :  

A community of 5000 persons o r  more would d ischarge  enough waste- 

water (and thus  enough thermal energy) t o  s e r v i c e  t h e  minimum 

accep tab le  system s i z e  of 100 homes. A s  community popula t ion  

inc reases  above 5000, a p ropor t iona te  i n c r e a s e  i n  therma1,energy 

. ,  becomes a v a i l a b l e  through t h e  community wastewater,  and t h e  po- 

t e n t i a l  f o r  expanding system s e r v i c e  a r e a  inc reases  correspond- 

i ng ly .  Thus t h e  a d d i t i o n a l  thermal energy made a v a i l a b l e  by in-  

, creased  popula t ions  w i l l  be u t i l i z e d  a t  some p o i n t  i n  t h e  HP-WHR 

system. 

The s t a t i s t i c a l  breakdown of community s i z e s  and a t t e n d i n g  

sewage t rea tment  f a c i l i t i e s  from the  1968 Municipal Waste F a c i l i t i e s  

inventory4' (reproduced i n  Appendix A as TABLES A-4 and A-5) re -  

v e a l s  t h a t  59.53% of t h e  t o t a l  U.S. popula t ion  r e s i d e s  i n  com- 

muni,t ies of 5000 o r  more - and a r e  connected t o  a municipal  waste- 

water  c o l l e c t i o n  system. wi th  a t t e n d i n g  t rea tment  p l a n t .  Deriving 

an  est imate.  f o r  t he  most o p t i m i s t i c  market p e n e t r a t i o n , . b a r r i n g  

any acceptance b a r r i e r s  except  technologica l ,  d i c t a t e s  t h a t  t he  

f u l l  p o t e n t i a l  f o r  wastewater h e a t  rec la im be  r e a l i z e d .  There- 

f o r e ,  t h e  f u l l  59.53% (.5953) of t he  t o t a l  popula t ion ,  who r e s i d e  

i n  communities of s u f f i c i e n t  s i z e  t o  be considered a s  candida tes  

f o r  an  HP-WR system, w i l l  be  used a s  t h e  percent  sewered pop- 

u l a t i o n  f i g u r e  i n  developing t h e  e s t ima te .  



From t h e  s t a t i s t i c a l  breakdown i n  TABLE A-4,  t h e  number of po- 

t e n t i a l '  sites of a p p l i c a t i o n  ( i  .e. communities wi th  popula t ions  

of over  5000) i s  3795. Extremely l a r g e  communities (over 100,000) 

a r e  inc luded  i n  t h i s  number because i t  is  expected t h a t ,  i n  t hese  

communities, wastewater c o l l e c t i o n  and t rea tment  w i l l  be segre- 

ga ted  among s e v e r a l  t rea tment  f a c i l i t i e s ,  thus  providing t h e  

oppor tun i ty  t o  i n s t a l l  e i t h e r  segrega ted  systems o r  modular 

c e n t r a l  s t a t i o n  f a c i l i t i e s .  The number of accep tab le  sites i s  

n o t  expected t o  change dur ing  the  p r o j e c t i o n  per iod  due t o  t h e  

f a c t  t h a t  n e w  o r  planned communities would n e c e s s a r i l y  have t o  

undergo s e v e r a l  yea r s  of growth be fo re  a r r i v i n g  a t  a  s t a g e  of 

development when a n  HP-WHR system would become a  v i a b l e  opt ion .  
' 

, 

These communities should n o t  be  dropped from cons ide ra t ion ,  how- 

eve r ,  f o r  such a system s i n c e  new community developments wou ld .  . 

provide  an  i d e a l  s i t e  of a p p l i c a t i o n  f o r  an  ICES, designed from 

s c r a t c h  and optimized f o r  t he  p a r t i c u l a r  community conf igura t ion .  

They simply cannot be included i n  t h i s  p r o j e c t i o n  because of 

i n s u f f i c i e n t  da t a .  

The popula t ion  i n c r e a s e  w i t h i n  each p o t e n t i a l  s i t e  of a p p l i c a t i o n  

w i l l  be  assumed t o  be d i r e c t l y  p ropor t iona l  t o  t he  n a t i o n a l  per- 

cen tage  i n c r e a s e  i n  popula t ion  dur ing  t h e  ' p r o j e c t i o n  per iod .  

Ex i s t i ng  f a c i l i t i e s  o r  f a c i l i t i e s  now under constructi 'on w i l l  

b e  assumed t o  supply s u f f i c i e n t  sewage t rea tment  capac i ty  t o  

' h a n d l e  t h e  p ropor t iona te  popula t ion  inc rease  dur ing  the  pro- 

j e c t i o n  per iod .  

It should be noted t h a t  t he  number of s a t i s f a c t o r y  s i t e s  and 

t h e  e s t ima te  of percent  sewered popula t ion  is  conserva t ive  due 



t o  t he  f a c t  t h a t  they a r e  based on somewhat outda ted  (1968) da t a .  

Bearing i n  mind t h e  above assumptions and u t i l i z i n g  t h e  thermal energy 

supply approximation shown a s  equat ion 2-3, t h e  energy reclaimed from com- 

munity wastewater,  on a nationwide b a s i s  by community energy systems based 

on t h e  HP-WHR concept,  would be c a l c u l a t e d  thus ly :  

1980 u'. S. Populat ion - 221,848,000 ( e s t  .) 

% Sewered Pop,ulation - 59.53% 

6 Btu 3.040 x 10  (221,848,000) (.5953) - 
year  

12  Btu = 401.48 x 10  year 

Derived through t h i s  approximative method, TAI3L.E 2-1 summarizes t h e  

amount of thermal energy p o t e n t i a l l y  a v a i l a b l e  f o r  space condi t ion ing  needs, 

from a s t a r t i n g  d a t e  of 1980 t o  t h e  year  2000 ( i n c l u s i v e ) ,  e x t r a c t e d  from 

community wastewater through HP-WHR systems i n s t a l l e d  a t  t he  3795 p o t e n t i a l  

s i t e s  of app l i ca t ion .  

The u t i l i z a t i o n  of t h i s  amount of low-grade thermal energy w i l l  r e q u i r e  

a n  energy expenditure  by t h e  system which w i l l  be i n  i n d i r e c t  propor t ion  

t o  t he  o v e r a l l  system C.O.P. and i n  d i r e c t  p ropor t ion  t o  t h e  de l ive red  load .  

This  expenditure- is  a l s o ,  by d e f i n i t i o n  of system C.O.P., viewed a s  a n  

energy a d d i t i o n  t o  t he  t o t a l  thermal load  which i s  t o  be de l ive red  t o  t he  

end-users and i s  def ined  by the  equat ion  below: 

- - QWASTE 
power C.O.P. 

SYSTEM 

The t o t a l  load, de l ive red  i s  then  t h e  sum of t h e  energy reclaimed,  

QWASTE, 
and t h e  energy expended i n  t h e  system, Q thus  : 

power ' 



TABLE 2-1 

HEAT EXTRACTED FROM WASTEWATER 

Q/YR 
YEAR , . , POPULATION (EST.) BTU x 1012 

1980 221,884,000 401 

1981 223,661,000 405 

1982 225,474,000 408 

2000 ' 250,686,000 454 

TOTAL 9041 x 1012 BTU 

POPULATION ESTIMATES: "Population of the United state ,144 



- - + -  QWASTE 
QWASTE C.O.P. 

SYSTEM 

( 1 +  .. 1 . . 
) + QWASTE C.O.P.  

SYSTEM 

S u b s t i t u t i n g  the  e s t ima te  of QWASTE from TABLE 2-1 and t h e  o v e r a l l  

HP-WHR system C.O.P. of 2.245 (from Chapter 3.0 - EXPECTED PERFORMANCE). 

y i e l d s  : 

= 13,068 x 1012 Btu 

Thus, t h e  u t i l i z a t i o n  of t h e  previous ly  es t imated  q u a n t i t y  of reclaimed 

t h e r i a l  energy i s  tantamount t o  t h e  d e l i v e r y  of 13,068 x 1012 Btu a t  a n  on - s i t e  

'energy expendi ture  of Q 
12  

~ A ~ T E ~ ~ ~ ~ ~ ~ ~ S Y S T E N ~  
o r  4027 x 1012 Btu (1.18 x 10 KWH) . 

This  on-s i te  energy expendi ture  by the  HP-WHR system can be t r a n s l a t e d  

t o  primary f u e l  resource  consumption under t he  fol lowing condi t ions :  

ELECTRIC GENERATION EFFICIENCY - Average coal-Xired power p l a n t  h e a t  

r a t e  of 10,300 Btulkwh i s  assumed. Transmission and d i s t r i b u t i o n  l o s s e s  

t o t a l  9%. High hea t ing  va lue  (HHV) of 1 2 , ~ 0 0  ~ t u / l b m  f o r  c o a l  is  

assumed. 

Primary f u e l  r e sou rce  consumption i n  t he  form of c o a l  i s  thus  13,248 x 10 
12  

6 
Btu o r  552 m i l l i o n  (552 x 10 ) tons  f o r  t h e  d e l i v e r y  of t h e  e s t i m a t e d  13 .1  

QUAD thermal load .  

The above HP-WHR system energy consumption can be compared t o  t h a t  r equ i r ed  

f o r  t h e  d e l i v e r y  of a comparable thermal load v i a  t h e  convent ional  space 

cdndi t ion ing  system op t ions .  The fo l lowing  assumptions a r e  i n  e f f e c t  f o r  t he  



v a r i o u s  opt ions :  

ELECTRIC STRIP HEATING UNITS - Heating C.O.P. is 1 . 0 ,  and t h e  above 

mentioned assumptions f o r  e l e c t r i c  genera t ion  e f f i c i e n c y  a r e  a l s o  i n  

e f f e c t .  

FUEL-OIL FIRED FURNACE -. Combustion and. therma1 . t r ans fe r  e f f i c i e n c y  

is  taken a s  65%; HHV f o r  f u e l  o i l  is  assumed a t  140,000 Btu lga l ;  no 

t ransmiss ion  o r  d i s t r i b u t i o n  l o s s e s .  

NATURAL GAS-FIRED FURNACE - Combustion and thermal t r a n s f e r  e f f i c i e n c y  

i s  taken a s  65%; HHV f o r  n a t u r a l  gas I s  assumed cons t an t  a t  1000 Btu/CFT; 

8% t ransmiss ion  and d i s t r i b u t i o n  l o s s e s .  

Under t h e  above assumptions, t h e  e l e c t r i c  s t r i p  hea t  op t ion  would r e q u i r e  

6 
42,987 x 1012 c o a l  B tu ' s ,  o r  1791 m i l l i o n  (1791 x 10 ) tons .  The HP-WHR 
system performance thus  r e p r e s e n t s  a 69% reduc t ion  i n  c o a l  consumption i n , '  

meeting the  equ iva l en t  thermal load .  . 

For t h e  ope ra t ion  of f u e l  o i l - f i r e d  furnaces  i n  meeting t h e  approximate 

1 3 . 1  QUAD thermal  load ,  t h e  primary f u e l  resource  consumption would amount 

t o  20,105 x 1012 f u e l  o i l  Btu ' s ,  o r  3.42 b i l l i o n  b a r r e l s .  The HP-WHR system 

performance i n  comparison t o  t h i s  op t ion  r e p r e s e n t s  a 35% reduc t ion  (on a Btu- 

to-Btu b a s i s )  i n  consumption of primary f u e l  r e sou rces .  It should a l s o  be 

noted t h a t  o p e r a t i o n  of t h e  h e a t  pump system would e f f e c t i v e l y  f o r c e  a s h i f t  

i n  consumption from the  more s c a r c e  f u e l  o i l  resources  t o  t he  r e l a t i v e l y  

abundant c o a l  resources .  

For t he  ope ra t ion  of n a t u r a l  gas- f i red  furnaces  i n  meeting the  es t imated  . . '  

13.1 QUAD thermal  load ,  t h e  primary f u e l  resource  consumption would amount 

t o  21,713 x 1012 n a t u r a l  gas Btu ' s ,  o r  21.7 t r i l l i o n  cubic f e e t .  I n  

comparison, t h e  HP-WHR system performance r e p r e s e n t s  a 39% reduc t ion  (on a 

Btu-to-Btu b a s i s ) . i n  consumption of primary f u e l  resources .  For t h i s  op t ion ,  
. . 

a s  f o r  the  f u e l  o i l - f i r e d  furnace  opt ion ,  t h e  ope ra t ion  of t h e  h e a t  pump 



system would f o r c e  a s i g n i f i c a n t  s h i f t  away from consumption of s c a r c e  f u e l  

resources .  

I n  summary, t he  HP-WHR system e x h i b i t s  t he  p o t e n t i a l  f o r  conserving 

from 35% t o  69% of t h e  sca rce  f u e l  resources  consumed i n  meeting t h e  

approximate 13 .1  QUAD thermal load which p o t e n t i a l l y  could be hyndled 

through wastewater h e a t  reclaim.  Primary f u e l  source  sav ings  can be  

quan t i f i ed  a t :  

COAL - 29.74 QUADS 

o r  FUEL OIL - 6.86 QUADS 

o r  NATURAL GAS - 8.47 QUADS 

Fuel  sav ings  a r e  of course dependent upon t h e  type of conventionait 

space hea t ing  system which would be d i sp l aced  w i t h  t h e  HP-WHR system. 

I$ is  duly noted t h a t ,  whi le  t h e  e s t ima te  t akes  i n t o  account t he  f u l l  

p o t e n t i a l  f o r  wastewater hea t  rec la im f o r  t h e  20 year  time per iod  between 

1980 and 2000, i t  is  h ighly  improbable t h a t  HP-WHR sysrtems could be i n s t a l l e d  

and ope ra t iona l  by t h e  1980 s t a r t i n g  d a t e  of t h e  s tudy period and t h a t  wide- 

spread implementation of t h e  system concept would be un l ike ly ,  even wi th  a 

S U C C ~ S S ~ ~ ~  " fas t - t rackt1  demonstration, be fo re  perhaps 1990. Obviously though, 

from the  above comparison, a v a s t  p o t e n t i a l  f o r  primary energy r e source  

conservat ion .can be r e a l i z e d  by the  development and implementation of an 

HP-ICES based on the  HP-WHR concept.  





3.0 EXPECTED PERFORMANCE 

3 ; L  INTRODUCTION 

The scheme of HP-WHR system f o r  a  community i s  explained i n  t h e  s e c t i o n  

. . on system d e s c r i p t i o n .  For purposes of thermodynamic , . a n a l y s i s  of t h e  hea t ing  

mode, a  schematic of t h e  HP-WHR system t h a t  i nc ludes  one end-user hea t  pump, 

one c e n t r a l  s t a t i o n  h e a t  pump a t  t h e  t rea tment  p l a n t ,  a  water  s t o r a g e  r e s e r v o f r ,  

and d i s t r i b u t i o n  l i n e s  is  shown i n  F igure  3-1. A s i m i l a r  system f o r  a n a l y s i s  

of t h e  cool ing  mode i s  shown i n  F igure  3-2. It i s  p o s s i b l e  t h a t  a  number of 

c e n t r a l  s t a t i o n  hea t  pumps may be used depending on the  a p p l i c a t i o n .  

I n  t h e  thermodynamic model f o r  t h e  hea t ing  mode, wastewa.ter e f f l u e n t  a t  

cons t an t  temperature from t h e  t rea tment  p l a n t  e n t e r s  t h e  c e n t r a l  h e a t  pump 

where i t s  thermal energy (hea t )  i s  e x t r a c t e d  and de l ive red  t o  t h e  d i s t r i b u t i o n  

medium (water ) .  The d i s t r i b u t i o n  water  e n t e r s  a  thermal  s t o r a g e  tank t o  

provide  a  water  supply a t  cons t an t  temperature  t o  t h e  end-user h e a t  pumps, and 

a f t e r  d e l i v e r i n g  hea t  t o  t h e  end-user h e a t  pumps, t h e  water  i s  then r e tu rned  

t o  t h e  c e n t r a l  u n i t .  A r e v e r s a l  of h e a t  flow t akes  p l ace  f o r  t h e  cool ing  mode 

i n  which t h e  energy i s  u l t i m a t e l y  r e j e c t e d  t o  t h e  e f f l u e n t .  Ca l cu l a t i ons  of 

t h e  energy requirements  of t h e  HP-WHIZ system us ing  a  c e n t r a l  hea t  pump a r e  

presen ted  i n  Sec t ion  3 . 4  - ANALYSIS OF RESULTS a long  wi th  t h e  r e s u l t s  of a  

d i s t r i b u t e d  water- to-air  h e a t  pump system d e l e t i n g  t h e  c e n t r a l  hea t  pump. 

These performance r e s u l t s  a r e  compared w i t h  those  of t he  convent ional  systems. 

3.2 SELECTION OF .CONDITIONS 

Tn t h e  selection of wastewater e f f l u e n t  temperatures  f o r  e s t ima t ing  

t h e  peak load and normal load  performances of t h e  HP-WHR systeni, e f f o r t s  

were made t o  c o r r e l a t e  wastewater e f f l u e n t  . temperature  w i t h  t he  o u t s i d e  
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a i r  temperature.  .The wastewater e f f l u e n t  temperature depends on f a c t o r s  

such a s  t h e  t ime of day, ground temperature,  o u t s i d e  a i r  temperature,  and 

the  presence of thermal  d ischarges  from i n d u s t r i a l  p rocesses .  There is 

a l s o  the  time-lag a s s o c i a t e d  wi th  t h e  temperature change of t h e  r e s e r v o i r s  

' o r  l a k e s  as t h e  water  supply is  drawn i n t o  cormnunity systems when seasonal  

changes i n  a i r  temperatures  occur.  It is t h e r e f o r e  be l ieved  t h a t ; t h e r e  

can be  wide ' v a r i a t i o n s  i n  wastewater temperatures even w i t h i n  the  same 

geographical  region.  Based on s i t e - s p e c i f i c  observa t ions  and s tudy  of va r ious  , . 

r e p o r t s  i t  is  observed t h a t  t h e  wastewater e f f l u e n t  temperatures  ( i n  p a r t s  

of Canada) have ranged from lower 40 ' s  (OF) t o  upper 90 ' s  (OF) . 2 0 r 2 2  One 

of t h e  s t u d i e s  r e p o r t s  t he  average annual wastewater temperature a t  a p l a n t  

i n  t h e  North Chicago a r e a  t o  be between 50°F and 6 0 0 F . ~ ~  It is a l s o  observed 

t h a t  wastewater e f £ l u e n t s  undergo temperature changes during t h e  t reatment  

processes .  

I n  t h i s  s tudy ,  e f f l u e n t  temperatures  of 50°F, 60°F, 70°F, and 80°F 

have been chosen f o r  a n a l y s i s .  It is  be l ieved  t h a t  t hese  temperatures a r e  

r e p r e s e n t a t i v e  of a'number of l o c a t i o n s  i n  t he  United S t a t e s .  

3 . 3  SYSTEM COP AND ENERGY CONSUMPTION 

The c o e f f i c i e n t  of performance of t h e  HP-WHR system ( o r  a i r - t o - a i r  

system) is def ined  a s  t h e  r a t i o  of t he  hea t ing  o r  coo l ing  e f f e c t  provided 
. . 

t o  t h e  space  a t  t h e  end-user l o c a t i o n  d iv ided .by  t h e  energy equ iva l en t  

of a l l  energy i n p u t s  inc luding  compressors, pumps, and l o s s e s .  This pro- 

v i d e s  a measure f o r c o m p a r i n g  t h e  energy consumption of t h e  for com system 
s ' 

with  t h a t  of convent ional  systems. 

The system energy consumption i n  provid ing  hea t ing  o r  cool ing  is: 



= 1 
Esys t e m  CoPsys tem 

Primary Fuel Energy Consumption (based on f o s s i l  fue l s )  = Esystem (3-2) 
0.31 

Where 

Oo3' = 'generation "transmission 'd is t r ibut ion 

NOTE: The value of 0.31, which is the overa l l  ef f ic iency of conversion of 

primary f u e l  energy t o  useful  e l e c t r i c a l  energy and transmission to  

application,  is taken from Reference 4. This value is assumed 

f o r  calcula t ion,  but is  subject  t o  var ia t ion.  

3.4 ANALYSLS OF RESULTS 

3.4.1 lBATZNG MODE 

Peak Load - The system COP values were calculated f o r  the  given design 

loads (peak) as a function of the  temperature of the  e f f luen t  a s  it en te rs  

the evaporator of the  cen t r a l  heat  pump. The r e s u l t s  a r e  presented as Figures 

3-3 and 3-4 and summarized i n  Table 3-1. The temperature of water enter ing 

the end-user un i t  w a s  held constant a t  8 0 ' ~ .  The Coefficient  of Performance 

of t he  HP-WHR system increases by only 3.8% as  the temperature of t he  e f f l uen t  

increases from 50°F t o  80°F. This is to  be expected because the  COP of the 

end-user un i t  is held a t  constant value ( re la t ive ly  high) a t  the  entering 

water temperature of 80°F, and the  end-user u n i t  consumes a greater  ahare 

of the t o t a l  energy input. Using equation 3-1, the energy required by the 

HP-WHR system t o  de l iver  1 Btu of heating load is a l so  l i s t e d  i n  Table 3-1. 

These e l e c t r i c a l  energy values were t ransla ted t o  primary energy requirements 

by using equation 3-2 and a r e  a l so  shown i n  Table 3-1. For the  purposes 

of coiuparison, similar data  f o r  an air- to-air  heat  pump is presented as 

Table 3-2. 

Typical Beating Lo& - A t  heating loads lower than design heating 







TABLE 3-1 

HP-WHR SYSTEM 

Design Heating Load = 55000 Btuh 
(Based on -20°F outside a i r  temperature and 75OF inside a i r  temperature) 

Effluent Temperature of Water 
Temperature O F  Entering End-user-OF 

COP 
Sys tem 

2.228 Avg. 

Btu - Btu - 
'system ~ t u  $rimq Fuel Energy Btu 

2.233 Avg. 



Outside A i r  
Temperature- 'F 

C.3P 
Heat Pump 

TABLE 3-2 

AIR-TO-AIR HEAT PUMP 

Nominal COP = 2.8 Heating Mode 

Btu 
E ~ e q u i r e d  

1.488 

0.605 

E ~ r i m a r y  Fuel  Energy 

4.800 

1.953 

1.669 

1.600 

NOTE: The COP va lues  of a i r - t o - a i r  h e a t  pumps were computed us ing  t h e  in format ion  given i n  Uni ta ry  

Air-to-Air Heat Pumps. 



t he  equipment would be  ope ra t ing  a t  p a r t  load  r e s u l t i n g  i n  c y c l i c  opera t ion .  

Cycl ic  o p e r a t i o n  r e s u l t s  i n  a l o s s  of e f f i c i e n c y .  Information i n  t h e  form 

of .  a n  equat ion  f o r  t h e  p a r t  l oad  performance of water-to-water h e a t  pumps 

is  a v a i l a b l e  (Reference 5) bu t  p r e c i s e  information on the  p a r t  load  per- 

formance of water- to-air  h e a t  pumps i s  n o t  a v a i l a b l e .  Information from 

Reference 10  on p a r t  load  performance of a i r - t o - a i r . h e a t  pumps i n d i c a t e s  

t h a t ,  a t  h e a t  l o a d s  of 15% of  r a t e d  capac i ty ,  the  c y c l i c  ope ra t ion  of a  

h e a t  pump can r e s u l t  i n  a  decreased COP of approximately 30% o f . t h e  f u l l  . 

' l oad ,  s teady  s t a t e  va lue .  A t  l oads  on the  o rde r  of 80% heat ing ,  flie decrease 

i n  COP is  about  4 t o  5% of i t s  s t eady  s t a t e  value.  ~ h e s e  f i g u r e s  apply t o  . 

a i r - t o - a i r  h e a t  pumps and a r e  based 'on  t h e  experimenta1,work by Kelly & 

Bean14, and Parken 6 . ~ e a u s o l i e l .  23 

Cooling Mode - The r e s u l t s  of t h e  cool ing  mode a n a l y s i s  a r e  presented 

i n  Table 3-3 f o r  wastewater temperatures  of 60°F and 80°F, and t h e  COP va lues  

a r e  used i n  t he  c a l c u l a t i o n  of annual  energy requirements.  

3.4.2 SIMULTANEOUS HEATING AND COOLING 

The need f o r  simultaneous hea t ing  and cool ing  a r i s e s  where i n  c e r t a i n  

b u i l d i n g s  of t h e  community, t h e  i n t e r n a l  h e a t  ga ins  exceed the  h e a t  l o s s  

from the  bu i ld ing .  This  may happen i n  t h e  e a r l y  p e r i o d s . o f  t h e  F a l l  and 

Spring seasons.  Since the hea t .  r e j e c t e d  ' t o  , the d i s t r i b u t i o n  water  by the  

end-user h e a t  pumps ope ra t ing  i n  cool ing  mode a c t s  a s  a h e a t  source f o r  t he  , 

h e a t  pumps ope ra t ing  on the  hea t ing  mode, the  work i n p u t  t o  t h e  c e n t r a l  

h e a t  pump w i l l  be  reduced. The e x t e n t  of t he  energy saved dur ing  L l ~ i s  

type  of o p e r a t i o n ' w i l l  depend'on the  r e l a t i v e  d i s t r i b u t i o n  of hea t ing  

and cool ing  loads .  I n  t he  s p e c i a l  ca se ,  when the  t o t a l  h e a t  r e j e c t e d  



Wastewater Temperature 
Entering Central Unit-OF 

TABLE 3-3 

HP-WHR SYSTEM PERFORMANCE COOLING MODE 

Water Temperature COP Btu - Btu 
Entering End-User unit-OF System E~ystem E~rimary Fuel Energy Btu 



by t h e  end-user h e a t  pumps ope ra t ing  i n  t h e  cool ing  mode is absorbed 

by t h e  h e a t  pumps ope ra t ing  i n  t h e  hea t ing  mode, t h e  c e n t r a l  hea t  pump 

w i l l  r e q u i r e  no work inpu t .  Such a  s i t u a t i o n  can be obtained by seve ra l  

,combinations of ' hea t ing  and cool ing  loads ,  u n i t s  w i th  d i f f e r e n t  COP'S, 

e t c .  In  t h e  sec t ion '  on a n a l y s i s ,  a  model c o n s i s t i n g  of two end-user . . 

u n i t s  is  analyzed by means of an  example;.  It i s  shown. tha t ,  f o r  two 

end-user u n i t s  of i d e n t i c a l  COP va lues ,  t h e  work inpu t  t o  t h e  c e n t r a l  

2  
u n i t  i s  zero  when. t h e  r a t i o  of hea t ing  load/cool ing  load = HRF , where 

HRF i s  c a l l e d  t h e  h e a t  r e j e c t i o n  f a c t o r  def ined  i n  t h e  s e c t i o n  on a n a l y s i s .  

3.4 .3  ANNUAL ENERGY CONSUMPTION 

The annual energy consumption by t h e  HP-WHR system and o t h e r  con- 

v e n t i o n a l  systems a r e  c a l c u l a t e d  and t h e  t o t a l  energy r equ i r ed  by r e s i -  

dences i n  t h e  Northwest Cent ra l  reg ion  and t h e  South A t l a n t i c  reg ion  a r e  

l i s t e d  i n  t he  Table 3-4. I n  t h e  c a l c u l a t i o n  of t h e  annual energy con- 

sumptions by t h e  HP-WHR system and o t h e r  convent ional  systems, t h e  chap te r s  

on energy e s t ima t ing  methods of t h e  ASHRAE Handbook and Product Di rec tory ,  

Systems Volumes 1973 and 197649 were consul ted .  The use of t he  b i n  method 

of c a l c u l a t i o n  could no t  be used because d a t a  on p a r t  load performance 

of water- to-air  h e a t  pumps was not  a v a i l a b l e .  However, t h e  dynamic 

e f f i c i e n c y . 1 0 ~ ~  f a c t o r s  were considered i n  accordance wi th  the  d a t a  

der ived  from Reference 10. 

3.4 .4  0B.SERVATIONS 

The r e s u l t s  of t h i s  s tudy  i n d i c a t e  t h a t  HP-WHR systems perform 
. . 

b e t t e r  than  t h e  a i r - t o - a i r  h e a t  pumps i n  iiorthern. l o c a t i o n s ,  a t  o u t s i d e  

a i r  temperatures  down t o  25OF i n  t h e  hea t ing  mode. 

The c o e f f i c i e n t  of performance of t he  HP-WHR system v a r i e s  wi th  



. . 

TABLE 3-4 
. . 

ANNUAL ENERGY CONSUMPTION* 

. . ANNUAL PRIMARY 
GEOGRAPHICAL HEATING SEASON COOLING SEASON E ANNUAL FUEL CONSUMPTION 

SYSTEM . . REGION MBTU/ SEASON MRTU/SEASON MBTU/YR MBTUjYR 

HP-WHR NWC 
S A 

AIR-TO-AIR NWC 
HEAT PUMP S A 

. CONVENTIOKAL 
FUEL NWC 

Cr. 
4 GAS (WARM-AIR) S A 

ELECTRIC NWC 
SA. 

*The  annuel e n e r g y  c o n s g r n p t f o n  l i s t e d  i n  t h i s  table i s  b a s e d  on d e s i g n  l o a d s , .  

NWC - N o r t h  West C e n t r a l  R e g i o n  
SA - S o u t h  A t l a n t i c  R e g i o n .  



e f f l u e n t  temperatures ,  bu t  no t o  a g r e a t  degree.  A s  seen  i n  Table 3-1 

and Figure  3-1, t h e  system COP,increased by only 3.8% when t h e  e f f l u e n t  

temperature changed from 50°F t o  80°F. 

I n  t h e  cool ing  mode, t h e  a i r - t o - a i r  h e a t  pump performs b e t t e r  than  

t h e  HF-WHR system. Compared t o  a convent ional  hea t ing  system (gas warm-air 

furnace) ,  t he  HP-WHR system consumes a g r e a t e r  amount of primary f u e l  both , ' 

i n  t h e  Northern and' Southern l o c a t i o n s .  

D i s t r i b u t e d  water- to-air  h e a t  pumps consume less energy compared t o  

t h e  HP-WHR systems us ing  c e n t r a l  h e a t  pumps. The r e s u l t s  i n  Table 3-4 

i n d i c a t e  t h a t  t h e  system COP is  h igh ,  and i n  genera l ,  t he  system performs 

b e t t e r  than  convent ional  hea t ing  systems, such a s  a i r - t o - a i r  and gas furnace- . . 

warm a i r  h e a t i n g  systems on the  b a s i s  of primary f u e l  consumption. A v a r i a t i o n  

of t h e  HP-WHR scheme i s  d i s c u s s e d . i n  t h e  next  s ec t ion .  A s  shown i n  the  example 

i n  Sec t ion  9.4.6,  t h e  simultaneous hea t ing  and cooling.mode of ope ra t ion  i m -  

proves t h e  performance of t h e  HP-WHR system. 

HP-WHR SYSTEMS USING ONLY DISTRIBUTED WATER-TO-AIR HEAT PUMPS 

The use  of d i s t r i b u t e d  h e a t  pumps (with no c e n t r a l  h e a t  pump) us ing  h e a t  

from wastewater e f f l u e n t  a s  t h e  source o f . e n e r g y  i s  p o s s i b l e  i f  t h e  waste- 

water  i s  a t  a s u f f i c i e n t l y  h igh  temperature .to al low f o r  h e a t  t r a n s f e r . t o  

t he  d i s t r i b u t i o n  water  by means of a h e a t  exchanger. I f  such condi t ions  

a r e  ob ta inab le ,  t h e  scheme would be a s  shown i n . F i g u r e  3-5. This system 

COP i s  found t o  be. h igher  than the. HP-WHR system us ing  c e n t r a l  h e a t  p w p s .  ' .  

. . 
i. 

But a t  lower e f f l u e n t  temperatures ,  t h e  s i z e  of t h e  h e a t  exchangers would 

have t o  be very i a r g e  t o  al low f o r  s u f f i c i e n t  q u a n t i t i e s  of h e a t  t r a n s f e r ,  

and t h e  pumping l o s s e s  r e s u l t i n g  from increased  flow r a t e s  of water  would 

be high. 

The COP system and energy requirements '  a r e  l i s t e d  i n  Table 3-5. 



E F R  MEAT WyP, .- - - -  . - - - - - -  
I 

CENTRAL STATION 

It 
1) 

I .  

A 

' WASTEWATER 
STORAGE 

DISTRIBUTED WATER SOURCE HEAT PUMP SYSTEM 

FIG. 3-5 

TABLE 3-5 
DISTRIBUTED HEAT PUMP SYSTEM 

C.O.P. VS. EFFLUENT TEMPERATURE 

Effluent Distribution System COP E E Primary 
Temperature Supply Temperature Distributed System Systems Fuel Energv 



3.6 SECOND LAW ANALYSIS 

The previous performance analyses have used the first law of thermodynamics 

to determine the required system energy input. These analyses have been 

characterized by first law efficiencies defined as: Useful Energy Output divi- 

ded by Required - Energy - Input. In the case of the HP-ICES systemthis analysis ' . 

determines an overall system coefficient of performance. As expected, this 

analysis yields values greater than unity. . 

A second law thermodynamic analysis must be performed to determine che 

system's true thermodynamic efficiency . The second law recognizes that energy 

is characterized by quality as well as quantity. By comparing.second law 

efficiencies a true determination of resource utilization efficiency can be 

made. 

To recognize energy quality, the concept of availability is used. Avail- . . 

. . 

ability is 'the thermodynamic property which measures the potential of a system 

to do work when restricted by surroundings at some ambient condition. Avail- 

ability is not conserved. It is destroyed by friction and.heat transfer 

through a finite temperature difference. This destruction of availability is 

the true thermodynamic loss which causes a process to be irreversible. 

The availability analysis for the HP-ICES schemes utilizing wastewater 

heat .recovery center'on the system composed of a central heat pump or heat 

exchange device, distribution system and storage.and end-user heat pumps. The 

. energy and process streams crvssing the boulldaries of the system consist of 

the following: ,* . .. . 

1) The wastewater heat source entering at ambient ~o~ditions. 'Y 
2) Electricity input to the central heat.pump or heat exchange 

device. 



3) Thermal l o s s e s  from t h e  d i s t r i b u t i o n  and s t o r a g e  system. 

4 )  E l e c t r i c i t y  i npu t  t o  c i r c u l a t i n g  water  p.umps on t h e  d i s t r i b u t i o n  

system. 

5 )  E l e c t r i c i t y  i npu t  t o  t h e  end-user h e a t  pumps. . .  . : , . i '  

6)  Heat o r  coo l ing  energy i n  t h e  form of coo l  o r  warm air  t o  t h e  

end-user . 
7 )  Miscel3.aneous p a r a s i t i c  e l e c t r i c i t y  requirements .  

The a n a l y s i s  of t h e  system must a l s o  t ake  i n t o  account t h e  second iaw 

thermodynarpic e f f i c i e n c y  of t h e  e l e c t r i c  gene ra t i ng  p l a n t  supplying e l e c t r i c i t y  

t o  t h e  HP-ICES. 

This  second law a n a l y s i s  of t h e  HP-ICES system is  somewhat l i m i t e d  s i n c e  

t h e  c e n t r a l  h e a t  pump and end-user h e a t  pumps must be  considered a s  "black-boxe9"r 

It i s  obvious from a  review of t h e  l i t e r a t u r e  t h a t  t h e  h e a t  pump devices  w i t h i n  

t h e  system i n h e r e n t l y  des t roy  a v a i l a b i l i t y  a t  t h e i r  component h e a t  exchangers,  

compressors, and t h r o t t l i n g  va lves .  S i g n i f i c a n t  improvement i n  t h e  o v e r a l l -  

system performance can be  achieved by opt imiz ing  t h e  i n t e r n a l  components used 

f o r  end-user h e a t  pumps and c e n t r a l  s t a t i o n  h e a t  pumps; An opt imiza t ion  of 

. i n d i v i d u a l  h e a t  pump components was n o t  undertaken i n  t h i s  s tudy  s i n c e  t h a t  

would c o n s t i t u t e  a  h e a t  pump des ign  r a t h e r  than a  system a p p l i c a t i o n .  

An a v a i l . a h i l i t y  a n a l y s i s  of a  convent ional  system c o n s i s t i n g  of a  n a t u r a l  

gas  space h e a t e r  and' e l e c t r i c  a i r  cond i t i on ing  system was a l s o  made f o r  com- 
. . 

p a r a t i v e  purposes .  

,3 .6 .1  ANALYSIS'PROCEDURE A . . ---- 

For t h e  system ana lyses  i t  was recognized t h a t  t h e  o b j e c t i v e  of t he  

. system was t o  provide hea t ing  .o r  cool ing  f o r  a space.  This  o b j e c t i v e  is  



accomp.lished by provid ing  a n  appropr i a t e  quan t i t y  of warm o r  cold a i r  t o  t he  

0 space.  For p r a c t i c a l  reasons  a supply a i r  t empera ture 'o f  120 F was s e l e c t e d  " 

f o r  hea t ing  and 5 5 ' ~  h a s  s e l e c t e d  f o r  cool ing .  The space temperature was 

0 
assumed t o  be  75 F, which is  a l s o  considered t h e ' r e f e r e n c e  temperature f o r  

energy a v a i l a b i l i t y .  

For t h e  systems considered,  t h e  a v a i l a b l e  energy balance is: 

Avai lab le  Energy Avai lab le  Energy Avai lab le  Energy 
Transfer red  i n t o  = Dest ruc t ion  Within + Transfer  Out of 

t h e  system . t he  system t h e  system 

The a v a i l a b i l i t y  of t he  energy contained i n  t h e  a i r  s t ream t o  the  space 

is  considered the  d e s i r e d  output  of t h e  system and an  i n d i c a t o r  of t he  minimum 

( t h e o r e t i c a l )  amount of energy needed f o r  space condi t ion ing .  

The r a t i o  of t he  d e s i r e d  a v a i l a b i l i t y  t o  t he  a v a i l a b i l i t y  o f . t h e  energy 

i n p u t s  t o  t h e  system i s  termed t h e  second law e f f i c i e n c y .  

3.6.2 CONVENTIONAL SYSTEMS 

A convent ional  system schematic composed of a n a t u r a l  gas  hea t e r  and 

e l e c t r i c  a i r  cond i t i one r  i s  presented i n  F igure  3-6. A second law a n a l y s i s  
1 

per  u n i t  i n p u t  of primary f u e l  y i e l d s  a second law hea t ing  eff ic ien.cy of 2.6%, 

assuming a f i r s t  l a w  e f f i c i e n c y  of 65 percent .  

With-a C.O.P. of 2.2 t h e  e l e c t r i c  a i r  condi t ion ing  system has a second 
1 . 3  

law , e£ f i c i ency  . of 1.38%. 

3.6.3 CONVENTIONAL SYSTEM PERFORMANCE 

HEATING 

lSt Law ( e f f i c i e n c y  - 65%) 
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~ r 2 m a r y  f u e l  i n  = 1 Btu/hr  

1 2 0 ' ~  a i r  o u t  = ' .65 Btu/hr  

- - .65 
.24 (120-75) 

= .060 l b / h r  M a i r  o u t  

2nd Law ( ~ v a i l a b i l i t ~  r e l a t i v e  t o  75OF) 

A v a i l a b i l i t y '  of f u e l  i n p u t  = 1 Btu/hr  

T 
A v a i l a b i l i t y  of 1 2 0 ' ~  a i r  o u t  = M (C ) [ T - T ~ -   ifin in -) 1 

B To 

Second Law Ef f i c i ency  = - -  m0258 - .0258 1.00 

COOLING 

lSt Law (C.O.P. = 2.2, E l e c t r i c  Gen. Eff = 33%) 

E l e c t r i c i t y  t o  . hea t  pump = .454 ~ t u / h r  

55OF a i r  h e a t  removed = 1 . 0  Btu/hr  

.M of 5 5 ' ~  a i r *  

* Assumes Dry A i r  

2nd Law ( A v a i l a b i l i t y  r e l a t i v e  t o  75 '~)  

A v a i l a b i l i t y  of primary f u e l  i n p u t  = (.454)+(.33).= 1.377 

A v a i l a b i l i t y  of.  55OF a i r  o u t  5  15 = .208 ( .24) [515-535- (535Rn -) 5 35 ] 

Second Law ~f  f  i c i e n c y  



- .6 .4  HP-ICES WASTEWATER HEAT RECOVERY SCHEME 

HP-WHR system hea t ing  and cool ing  schematics  a r e  presen ted  i n  F igures  

3-7 and 3-8. The second law a n a l y s i s  f o r  t h e  system presen ted  y i e l d s  a  hea t -  

i n g  e f f i c i e n c y  of 3.0% and a  cool ing  e f f i c i e p c y  of .94% a t  an  o v e r a l l  system 

C.O.P. of 2.2. 

S i g n i f i c a n t  improvements can be  made i n  t h e  system i f  i n d i v i d u a l  component. 

performance i s  improved. This  i s  e s p e c i a l l y  t r u e  where t h e  end-user hea t  pump 

is  concerned. 

HP-ICES WASTEWATER HEAT RECOVERY SCHEME 

HEATING 

lSt L ~ W  Balance 

Waste h e a t  i n p u t  source  = 1 Btu/hr  

E l e c t r i c i t y  i n p u t  t o  = . I538 ~ t u / h r .  
c e n t r a l  h e a t  pump 

E l e c t r i c i t y  i n p u t  t o  = .0300 ~ t u l h r  
pumps, e t c .  (assume 3% 
of i n p u t )  

Heat l o s s e s  t o  surround- = .0300 Btu/hr  
i n g s  from d i s t r i b u t i o n  
system (assume 3% of in -  
. pu t>  

E l e c t r i c i t y  i n p u t  t o  = .5769 Btu/hr  
end-user h e a t  pump 

Output t o  space  @ 1 2 0 0 ~  = 1.7307 Btu/hr  
a i r  

M a i r .  g u t  

qnd Law ( A v a i l a b i l i t y  re la t ive  ,to 75'~)  

580 A v a i l a b i l i t y  o f  1 2 0 ' ~  a i r  = .I6025 ( .24) (580-535- (535En =) 1 



THERMAL 
LOSSES 

WASTE 
HE AT 
SOURCE 

HEATING MODE. 

ELECTRIC 
GENE RAT lNG . 

PLANT 

--- - - -  ---- - -------- *I 

'END- USER 
HEAT PUMP 

. COP = 3:O 

- -  ------ 

- --- ---- -- 

' AVAILABILITY= AVAILABILITY = .33 Btu/UNIT 
1.0 Btu/UNI.T 

t 

CENTRAL DISTRIBUTION 

HEAT PUMP 
AND 

STOR-AGE 
COP = 7.5 

' .... : . . 
FSGURE 3 - 7 

1 

<-A 

v 

.ry ELECTRICITY . .  . . BOUNDARY 

INPUT 

HP-ICES WASTEWATER 
HEAT RECOVERY SCHEME 

--------------A ---- ----- 

ELECTRICITY , ELECTRICITY 
INPUT 



THERMAL , 

LOSSES 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - 7 

DISTRIBUTION HEAT REJECTED CENTRAL END-USER 
TO ATMCSPHERE HEAT PUMP HEAT PUMP 

COP = 5 . 0  

1- - - - - - - - - n- - - - - - - -1 - - - 
\ 

BOUNDARY 

ELECTRICITY 

ELECTRICITY ELECTRICITY 
INPUT 

COOLING MODE 

ELECTRIC 
PRIMARY FUE GEN ERATl NG ELECTRICIT 

, , L j p L A N I T  iivAILPBILITY= , I  

AVAILABILITY = .33 BtuIUNlT 

FIGURE 3-8. 

HP- ICES WASTEWATER 

HEAT FROM 
END' USER 

LOSSES 
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A v a i l a b i l i t y  of energy i n p u t s  
(primary f u e l )  

E l e c t r i c i t y  t o  Cent ra l  Heat Pump = .I538 

E l e c t r i c i t y  t o  Pumps - - .0300 

E l e c t r i c i t y  t o  End-User Heat Pump = - ,  .5769 
.7607 + .33 = 2.305 Btu/hr 

Second Law Eff ic iency  

COOLING 

lSt Law Balance 

Heat from end-user = 1 Btu/hr 

E l e c t r i c i t y  inpu t  t o  = .363 Btu/hr 
end-user h e a t  pump 

E l e c t r i c i t y  inpu t  t o  = .03 .Btu/hr 
pumps, e t c .  

Heat l o s s e s  t o  surround- = .03 ~ t u / h r  . ' 

i ng  s 

E l e c t r i c i t y  inpu t  t o  = .272 Btu/hr 
c e n t r a l  h e a t  pump 
. . 

M of a i r  t o  space @ 5 5 ' ~  = 1 
.24 (75-55) = .20833 l b / h r  

2nd Law ( A v a i l a b i l i t y  r e l a t i v e  t o  75 '~)  

5  15 
A v a i l a b i l i t y  of 5 5 O ~  a i r  ' 

= .20833(. 24) [515-535- (535Ln -) I 

A v a i l a b i l i t y  of energy inpu t s  
(primary f u e l )  

. . 
. . . .  . , 

E l e c t r i c i t y  t o  Cent ra l  Heat Pump = .272 Btu/hr 

E l e c t r i c i t y  t o  Pumps = .03 

E l e c t r i c i t y  t o  End-User Heat Pump = ,363 
.665 t (.33) = 2.015 Btu/hr 

- .0191 Second Law Eff ic iency  - - =  
2.015 

.0094 



SUMMARY 

I n  summary, i t  i s  the  b e l i e f  of t h e  au tho r s  t h a t  t h i s  chap te r  demonstrates  

t h e  HP-WHR scheme a s  a  p o t e n t i a l l y  v i a b l e  energy supply a l t e r n a t i v e  f o r  some 

s p e c i f i c  a p p l i c a t i o n s .  The a c t u a l  de te rmina t ion  of f e a s i b i l i t y  and expected 

performance i s  h igh ly  dependent on s i t e - s p e c i f i c  p h y s i c a l  c h a r a c t e r i s t i c s  and 

l o c a l  economic cond i t i ons ,  and w i l l  be addressed i n  t h e  a p p l i c a t i o n  Study of 

Chapters 8.0 and 9.0  of t h i s  r e p o r t .  
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4.0 EXPECTED ECONOMICS 

4.1 INTRODUCTION 

The consumer will ultimately pay the costs for either a conventional 

heating and cooling system or a Heat Pump - Wastewater Heat,Recovery Sys- 

tem. For that reason, any economic advantages the HP-WHR scheme may have 

to offer must be fully explored and documented. 

This report section is concerned with the expected economic performance 

of the HP-WHR.system.and with conventional natural gas, air-to-air heat pump, 

and electric resistance heating systems. First costs, operating costs, and 

maintenance costs of the various systems will be estimated and used in a 

net present value comparison of the considered alternative. 

4.2 SYSTEM DESIGN 

It is demonstrated in the expected performance section that overall 

system efficiency is dependent on effluent source temperatures and end- 

user loads placed on the system. For the purpose of economic~evaluation, 

two .geographic locations were chosen as representatives of extremes in 

climatological differences encountered throughout the country. Effluent 

temperatures were assumed to average 60°F in the winter months and 80°F 

in the summer months. 

4.2.1 END-USER LOADS 

End-user heating and cooling loads were developed using the Rand 

Corporation's Energy Use and Conservation in the Residential Sector: 
. . 

A Regional Analysis , Report Number PB-254-468, June 1 9 7 5 2 ~  Data for 

the northern type climate was selected from the New England Area sta- 

tistics and daia for the southern .type climate was selected from the 

West South Central Area. The size of a typical residence was taken 



as the national average of 1185 square feet. Table 4-1 is a summary of 

the data used. 

Table 4-1 

Typical End-User Heating and Cooling Load Data 

Approx. Peak Load Annual Energy 
Annual Annual . MBtu/Hr Requirements*(MBtu) 

CLIMATE HDD CDD Heating Cooling Heating 'Cooling 

Northern 6820 1200 4 1 2 5 105,465 . 18,960 

Southern 2350 ' 2750 21 32 37,920 45,030 

HDD = Heating Degree Days 
CDD = Cooling Degree Days 

*Figure 7, Reference 27 

DESIGN ASSUMPTIONS 

In performing the economic analysis, several assumptions about the 

configuration of the HP-WHR system were made in order to develop unitized 

costs. These assumptions are not, in any way, intended to illustrate an 

optimum system design or limit 'the thinking of a perspective system de- 

signer when applying this concept. 

The assumptions used were as follows: 

1. The heat extraction by the central heat pump is 12,000 
MBtu/Hr for 20 hrs per day, 5 da s per week. Total heat 
extraction per month of 5.2 x l0' Btu. 

2. Average system heating C.O.P. of 2.2. 

3. ~bmber of end-user's served is determined by dividing the 
monthly heating energy deliverable from the system by the 
typical end-user requirements in a January month. 

4. Thermal storage capacity determined by the energy required 
by all end-users in 4 consecutive average heating days 



during the month of January. Temperature pull-down of 
storage of 30°F. 

5. variable flow pumping, resulting in a const'ant percentage 
of pumping energy to system delivered energy. 

6. Negligible thermal losses. - . 

Using these assumptions, the following system configurations were 

. used. 

Northern Climate 

Central Heat Pump ~xtraction' Rate 

Circulation Pump IIorsepower 

Thermal Storage Vessel 

Distribution System Length 
(run-outs to end-users not included) 

Longest Piping Run (Supply & Return) 

Number of End-Users 

Distribution Pump Horsepower 

Southern climate 

::Central Heat Pump Extraction Rate 

Circulation Pump Horsepower 

Thermal Storage Vessel 

. . Distribution system'Length 

(NIC run-outs to end-users) 

Longest Piping Run (supply & Return) 

Number of End-Users 

Distribution Pump 'Horsepower 

9 5.2 x 10 Btu/Mo. 

75 hp 

6 5 x 10 gal 

4.3 FIRST COSTS 

First costs for the various system components were developed with 

the aid of R. S. Means, "Building 'Construction Cost ~ a t a  1978." Unitary 

. . 



equipment costs were taken from the ICES technology evaluation reports; 

ANL/CES/TE 77-9, "Unitary Water to ~ i r  Heat Pumps" and wL/CES/TE 77-10, 

"Unitary Air -to-Air Heat Pumps". Supplemental information was also ob- 

tained from local equipment distributors. 

4.3.1 HEAT PUMP-WASTEWATER HEAT RECOVERY SYSTEM 

The HP-WHR system cost estimate is broken into three sections: 

Central Plant, Distribution System, and End-User Systems. An approximation . 

for each system was made on a unitized basis assuming a Central Heat Pump 

heat extraction rate of 12,000,000 ~tu/hr and end-user heat pump sys- 

tems with an installed heating capacity of 46.5 MBtu/'hr and cooling 

capacity of 40 MBtu/hr at ARI standard 240-75 conditidns. The dis- 

tribution system was assumed to serve customers at an average piping 

length of 130 ft per customer, and an additional 150 ft of run-out piping 

from the distribution system to the end-user. 

The following costs were developed for the Central Plant and the 

northern and southern climate distribution'system schemes: 

CENTRAL PLANT 

Material & 
Item Installation 

Central Heat Pump $144,200 

Pump for Circulation 

Interconnecting Piping and Valves 

control Systems 

Interface Modifications with Sewage Treatment Plant 80 ,. 000 

Building to House Components (3,000 sq. ft.x $20/sq. ft) 60,000 

SUBTOTAL $452,200 

25% Contractor & Engineering Fees 

TOTAL 

84 



I 

Northern Climate 

Distribution System 
Material & 
Installation 

Central Storage Vessel 
5,000,000 gal x $.01 per gal = 

variable Speed - Uistz'ibiirion Sy s L ~ L U  Fiimp 

Distribution.. Sys tern Piping 
3,050 ft (10" pipe) @ 12.801ft 
6,100 ft ( 8" pipe) @ 10.lOlft 
6,100 ft ( 6" pipe) @ 7.45jft 
33,500 ft ( 4" pipe) @ 5.65.1ft 
12,200 ft ( 2" pipe) @ 3.15/ft 

SUBTOTAL 

25% Contractor & Engineering Fees 

TOTAL 

7n, nnn 

Southern Climate 

Distribution System 
.Material & 
Installation 

Central Storage vessel 
5,000,000 gallons @ $.01 per gal 

Variable Speed - Distribution System Pump 

~istribution System P2ping 
6,370 ft (10" pipe) @ 12.80lft 

. . 12,740 ft ( 8" pipe) la IU.lO/f t 
. 12,740 ft ( 6" pipe) @ 7.45lft 

70,070 ft ( 4" pipe) @ 5.65lft 
25,480 ft ( 2" pipe) @ 3.151ft 

SUBTOTAL 

25% Contractor & Engineering Fees 

TOTAL 



Unit Costs Associated with Each End-User: 

Water Metering Equipment 

150'-314'' Run-Out Piping @ $1.5 per f t 

TOTAL 

4.3.2 END-USER SYSTEM COST 

The installed cost of an end-user "water-to-air" heat pump system was. 

taken to be $2,000. Since all conventional systems comparisons will assume 

a forced air distribution system, the installed costs presented herein do , 

not make any allowance for ductwork, insulation, grilles, and associated 

installation. These costs also refer to new installation and are not 

'necessarily repr.esentative of retrofit conditions. 

4.3.3 CONVENTIONAL SYSTEM COSTS 

Only end-user costs were developed for conventional systems since 

accounting for energy-supply equipment costs and distribution system costs 

are included in the energy charges paid by the consumer. The equipment 

costs for each of the.conventiona1 alternatives is as follows:' 

Gas Heat13 Ton Elect. Cooling: 

Air-to-Air Heat Pump: 

Resistance ~eating/Electric Cooling: $2,250 

4.4 OPERATING COSTS 

Operating costs were developed from the efficiency analyses presented 

in Section 3 of, this report. It was assumed that electrical power for 

central piant equipment is purchased from a utility at a reduced cost 

per kwh due to the tiered rate schedule applied to industrial/co&nercial 

type customers. Residential electric power would be purchased on an 

individual basis. Where combined energy .costs are given for the HP-WHR 



scheme, it is asslimed that residential electric energy cost per kwh is 

1.5 times.the central energy plant cost. The cost o f  thermal energy from 

the HP-WHR scheme to the end-user is discussed in a subsequent section. 

4.4.1 CENTRAL STATION AND DISTRIBUTION SYSTEM.OPERATING COSTS : . . .  

. I , . .  < . I    he' input energy for delivery.of heating energy and di,s$ipation of 

cooling energy by the centra1,plant were developed from the performance 

analyses of Section 3. Appendix B gives a complete breakdown of how 

energy quantities were derive$. 

A summary of the electrical energy required.for each of the central 

plant components is presented in Table. 4-2. 

Table 4-2 

CENTRAL PLANT 

Electrical Energy Requirements 

Northern Climate 

Central Heat Pump 
Heating . , 

. ' Cooling 

~irculat ing Pump 

Distribution Pump 

Auxiliaries 

Southern Climate 

Central Heat Pump 
Heating 
Cooling 

Circulating P w p  

Distribution Pump 

Auxiliaries 

TOTAL 

TOTAL 

87 



Figure 4-1 presents the annual electricity costs for the central plant 

under different average energy costs rapging from 2~ to 4~ per kwh. 

4.4.2 END-USER OPERATING COSTS 

The typical end-user is assumed to have the heating and cooling load 

requirements presented i n   able 4-1. Based of those requirements and. 

seasonal coefficients of performance of 2.75 for heating and 2.9 for 

cooling, the following end-user electric energy requirements were determined: 

Table 4-3 

HP-WHR System 
End-User Electric Enerpy Requirements 

Northern Climate 

Cooling 
Heating 

. . 
TOTAL 13,151 $789 

Southern Climate 

Cooling 
Heating 

TOTAL 

The cost per unit for electrical energy was estimated- at 6~ per kwh. 

In addition to the electric energy purchased by the end-user, an 

additional charge would'be made for the thermal utility service from the 

central plant. These charges are explained in Section 4.6, and for the 

examples given, wol~l.d be as follows : 

Northerxi Climate - $590 annually 

Southern Climate - $469 annually 



ANNUAL HP-WHR SCHEME CENTRAL' PLANT COSTS 

3 1  . 
ELECTRICAL ENERGY COST PER END-USER 

30 PER KWH 

2U PER KWH 

SOUTHERN CLIMATE NORTHERN CLIMATE 

FIG. 4-1 



4.4.3 TOTAL HP-WHR SYSTEM OPERATING COSTS 

Figure 4-2 is a graph of total system energy costs to the end-user . 

at several electric energy rates. This graph was developed by adding 

the end-user's cost of electric and thermal energy. Comparisons with 

conventional systems presented in Figure 4-3 are made at an electric 

energy rate of 6~ per kwh. 

4.4.4 CONVENTIONAL SYSTEM OPERATING COSTS 

Based on the load assumption stated in the previous discussion on 

end-user heating and cooling requirements, operating costs were estimated 

for each conventional system. Direct fired heating was assumed to be 65 

: percent efficient, Air-to-Air heat pump seasonal performance factor was 

assumed to be 1.5 for northern climate and 2.3 for southern climates, 

and electric resistance heating was assumed to have a COP of 1.0 All 

systems for air conditioning were assumed to have energy efficiency 

ratios of 7.5. The results are presented in Table 4-4. 

Table 4-4 
Conventional Sys tem Enerpy Costs 

. Northern Climate 

HEATING COOLING 
Energy Energy Energy Energy 

System 

~ATGAslElect 
Cooling 

Elect Air-to- 
Air hp 

~esistance 
~eatl~lect 
A.C.. . 

consump t ion Cost Consumption Cost 

1622.5 therms $ 486 2528 kwh $152 

20,600 kwh $1;236 2528 kwh $152 

30,900 $1,854 2528 kwh $152 
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Table 4-4 (cont) 

Southern Climate . .  . 

HEATING COOLING 
Energy Energy Energy Energy 

System Consumption cost Consumption Cost 

~ATGAslElect 584 th $175 6,000 kwh $360 
Cooling 

Elect Air- to- 4830 kwh. $290 6,000 kwh $360 
Air hp 

Resistance 11,110 kwh $667 6,000 kwh $360 
~eat/Elect 
A. C. 

The cost per unit for energy was estimated at 6~/kwh for electricity and 

$.30 per them for natural gas. 

4.4.5 MAINTENANCE COSTS 

Maintenance costs for unitary equipment were estimated with the aid 

6 7 7  
of the ICES Technology Evaluation Documents. Maintenance of the central 

heat pump equipment was estimated at 2 percent of installed costs per year 

for the central station equipment and' 0.5 percent per year for the distri- 

bution system. The following maintenance costs were used: 

HP-WHR SYSTEM 
Item 

Central Station Equipment 

ANNUAL MAINTENANCE COST 

$11,305 

Distribution System No'. $3,090 So. $5,695 

Unitary .H.P.' (Water to Air.) $165 per unit 

CONVENTIONAL SYSTEMS 

~as/~lec tric Cooling 

Air-to-Air Heat Pump, 

~esistance/~lect. Cooling 

$130 per unit 

$180 per unit 

$160 per unit 



Annual maintenance costs for the unitary end-user equipment was developed 

from references. 

4.5 1IP-WHR SCHEME OPERATION AS A THERMAI, UTITdITY - .  

In order to compare the HP-WHR scheme to conventional utility supplied 

schemes, it.is necessary to perform an analysis from the end-user's view- 

point. To account for thermal energy distributed from the central plant, 

it is.anticipated'that the system will be operated as a thermal utility. 

The charges to end-users will be made based on meter readings and will 

be sufficient to cover the central plant's operating and maintenance 

costs, debt service, and,administrative costs associated with.operation 

, of- the system. 
. . 

The cost figures contained in this report were generated for the 

northern and southern locations using the stated electric energy costs, 

an administrative cost of five percent of total owning and operating 

costs, and debt service based on an interest rate of 7 percene per year. 

It is recognized that the. seven percent interest rate is somewhat arbi- 

trary and will vary with the application and type of financing arrange- 

ments actually implemented; however, it was selected to be between typical 

1.977 yields . . for'Municipal'C~.ass A bonds and Utility bondsissued by private 

companies. 

The cost per customer for thermal service was computed as follows: 

Northern Climate (serving 470 cus,tomers) 

Energy Cost @ 4~/kwh 

Debt Service 
Central Plant and Distribution System 
$1,182,855 x .0858 

' . End-User Connections 
, , $199,750 .x .0858 , 



Northern Climate (Continued) 
. . 

~aintenance 'on Central Plant & ~ist. System $ 14,395 

. . 
SUBTOTAL $264,603 

5 percent administration 

TOTAL 

Annual Cost Per Customer = $591 

~obthqrn Climate (serving 980 customers) 

Energy Cost @ 4~1kwh 
. . 

Debt Service 
Central Plant and Distribution System 
$1,704,350 x .0858 

End-User ,Connections 
$416,500 x '.0858 

Maintenance on.Centra1 Plant & Dist. System 

SUBTOTAL 

5 percent admini's tration 

TOTAL 

Annual Cost. Per customer = $469 

4.6 LIFE CYCLE COSTS 

A net present value life cycle cost analysis kas.prepared 

HP-WHR system and each of the conventional system alternatives 

for the 

The anal- 

ysis was performed from the end-user point of view, since the consumer will 

ultimately pay all costs associated with each system. In the case of thermal . 

energy distributed by the HP-WHR system, central plant capital and energy 

costs are.embedded in'the cost of service to the end-user. A range of 

interest rates was used for. discounting future expenditures. The results 

are presented in Figures 4-4 and 4-5. 
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4.6.1 DETERMINATION OF PRESENT VALUE 

The present value of each alternative was determined for a twenty-five 

year period 'at the stated dfscount factor. The following general formula 

was used: 

where 

PVi = Present value of the ith alternative 

t h 
FCi = First cost of the i alternative 

. . 

f ( j  ,2S) = The present worth factor at j percent interest 
for 25 years 

AOC. = Annual operating costs of the ith alternative 
1 

AMC. = Annual maintenance costs of the ith alternative 
1 

The present value figure is given as a number; however, in 

actuality it should be realized that the number is a present value of present 

and future costs. 

Figures 4-4, 4-5 present a comparison of the HP-WHR system and 

several conventional-systems at 8 percentY10 percent, and 12 percent. 

present worth factors. 

4.7 SLPNARY OF EXPECTED ECONOMIC PERFORMANCE 

The net present value analysis of the HP-WHR scheme and t.he conventional 

schemes indicates that the HP-WHR scheme can be cost competitive'with air- 

to-air heat 'pump systems and electric resistance heating systems depending 

on comparative energy costs. and geographic location. As expected, the 
I .  

conventional natural gaslelectric scheme is much more cost effective at 

today's natural gas prices. 



5.0 ENVIRONMENTAL IWACT 

5.1 INTRODUCTION 

During the last 15 years there has been increasing' concern wi.thin the . 

.United States for protection of all aspects of the environment. This c0ncer.n 

has resulted in the passage of numerous Federal laws and the subsequent 
' ' 

development of implementing regulations to protect various aspects of the 

environment. These laws have covered such diverse areas as air quality., 

water quality, noise .control, archaeological and h.istoric preservation, and 

protection of endangered species of plants and wildlife. The most significant 

of the Federal laws and Executive Orders affecting the environment are listed 

below: 

1. The Archaeological and Historic Preservation Act of 1974; 

2.. The Clean Air Act; 

3. The Coastal Zone Management Act of 1972; 

4. The, Endangered Species Act of 1973; 

5. The Federal Water Pollution Control Act, as amended; 

6. The Fish and Wildlife Coordination Act of 1958; 

7. The Flood Disaster Protection Act of 1973.; 

8. The Marine Protection Research and Sanctuaries Act of 1972; 

9. The National Environmental Policy Act of 1969; 

10. ' The National Historic Preservation Act of 1966; Executive 

.Order 11593 ("Protection and Enhancement of Cultural 

Environment, It May 13, 1971) : and 36 CFR Part 800 

("Procedures for the Protection of Historic and Cultural 

Property," January 25, 1974); 

11. The Rivers. and Harbors Act of 1899; 

12. The Safe Drinking Water Act of 1974; 



. . 

13. The Solid Waste Disposal Act; 

14. The Water Resources. Planning Act of'1965; 

15.  he Wild and scenic Rivers Act of 1968; , . 
' . . . 

16. Executive.Order 11296 ("Evaluation of Flood Hazards in 
. . 

Locating Federally Owned . . or Financed Buildings, Roads, and 

Other ~acilities, and in Disposing of Federal Lands and 

Properties," August 10, ' 1966) ; 

17. Federal ~nsecticide ,' Fungicide, and ~odenticide, Act as 

amended, and 

18. The Noise control. Act of 1972'. , . 

Some 'of .the laws noted above are concerned with one specific area of . . 

the environment, while others have a much broader area of concern. One of 

the most significant laws is the National Envi.ronmenta1 Policy Act of 1969 

which requires all Federal agencies to prepare detailed Environmental Impact 

Statements on major Federal actions that significantly affect the quality of 

the human environment. The National ~nvironmental Policy Act requires that 

agencies include in their decision making process an appropriate and careful 

consideration of all environmental aspects of p,roposed actions, an explanation 

of potential environmental effects of proposed actions and their alternatives 

for public understanding, a discussion' of ways to avoid or minimize adverse 

effects of proposed actions, and a discussion of how to restore or enhance 

eneironmental quality as much as possible. ' Facilities such as a Heat Pump 

Centered-Integrated Community Energy System (HP-ICES) which may be constructed 

in part with the assistance of Federal grant .of loan funds, must be subjected 

to an environmental impact analysis to deteqnine whether. or,not significant .. 

environmental impacts will result either directly or indirectly from the 

proposed project. This analysis is reGiewed by appropriate ~ederal and State 

agencies and interested citizens or organizations and is submitted to the 



Pre-sidentl's. Council on Environmental Quality. If significant. environmental 

impacts will result' from the proposed project, then a full Environment Impact 

Statement must be developed along with the related.reviews and public.hearings, 

required .. 

Some of the major points which must be addressed in the preparatkon of 

an envirsnmcntnl impact apprxisal are as f~llnws:. 

1. Brief description of project; 

2. Probable impact of the project on the environment; 

3. Any probable adverse environmental effects which cannot 

be avoided; 

4. Alternatives considered with evaluation of each; 

5.. Re1ationship.between local short-term uses of man's 

environment and maintenance and enhancement of long- 

term productivity; 

6. Steps to minimize harm to the environment:; 

7. Any irreversible and irretrievable commitment of resources; 

8. Public objections to project, if any,. and their resolution; 

and 

9:. Agencies consulted about the project. 

The environmental impacts of facilities such as aii HP-ICES can be divided 

into two broad categories. These categories are: 

1. The environmental impacts of construction, and 

2. The environmental impacts of operation. 

The next two sections will address the environmental impacts in each of these 

categories for heat pump centered-integrated community energy systems. 



5.2 ENVIRONMENTAL ' IMPACTS OF CONSTRUCTION 

5.2,. 1 TEMPORARY. IMPACTS 
. . 

The environmental impacts of construction can be further divided into 

. . those temporary impacts that exist only during the construction phase and 

the permanent impacts of the facilities' construction and location. The 

temporary environmental impacts caused by construction activities are. as 
. . 

follows : 

1. Noise and dust generated by construction activities; 

2.   em oval of vegetation ,and pavement causing soil erosion 

and siltation during construction; 

. . 3. Disruption of normal traffic patterns caused by 

construction in streets; 

4 .  Potential for broken gas and water mains and sewer 

' lines; and 

5. Temporary inconveniences for businesses.and residences 

while individual connections are being made. 

Most of the temporary impacts are the nuisance conditions that are usually 
. . 

associated with construction operations. Most of the .impacts.c.an be minimized 

by the proper planning and execution of various construction activities. For 

instance, the impact of noise in a residential neighborhood can be minimized 

by limiting the contractor's operations to normal daytime hours when many 

people are away from home at work or school. Since.much of the distribution 

and return system will be constructed.in existing streets and rights-of-way, 

some disruption of normal traffic 'patterns is unavoidable. However, by 

proper planning of construction operations, the actual time that a street 

must be closed can be minimized. One of the most significant potential 

. ,impacts during the construction operations is the potential .for breaking 



gas mains, water  mains, and e x i s t i n g  sewer 1 i n e s . w h i l e  cons t ruc t ing  t h e  HP-TCES 

d i s t r i b u t i o n  and r e t u r n  system. I n  p a r t i c u l a r ,  a  broken.gas maPn o r  sewer 

l i n e  could c r e a t e  a  s i g n i f i c a n t  environmental hazard. A broken gas  main *can 

. . 
c r e a t e  e i t h e r  an i A e d i a t 6  o r  delayed explosion of d i s a s t r o u s  proport3ons. A 

broken sewer l i n e  can r e s u l t  i n  the  d ischarge  of'.raw. an'd un t r ea t ed  sewage t o  

nearby dra inage-d i tches . , '  c r eeks  and s treams,  and c r e a t e  s e r i o u s  pub l i c  h e a l t h  . . 

. haza rds  and water p o l l u t i o n  problems. For those  r e a s o n s ' i t  i s  important ' t ha t  

t h e  i n i t i a l  des ign  c a r e f u l l y  l o c a t e  e x i s t i n g  water and gas  mains and sewer 

l i n e s .  I n  a d d i t i o n ,  i t . i s  important  t h a t  t h e  c o n t r a c t o r  t ake  c e r t a i n  pre- 

cau t ions  during cons t ruc t ion  i n  t h e  event  t h a t  a l l  such facilities a r e  n o t  

proper ly  and adequately loca t ed  on t h e  cons t ruc t ion  plans."  

5.2.2 PERMANENT IMPACTS 

The p r i n c i p a l  impacts of cons t ruc t ion  ope ra t ions  t h a t  a r e  of a permanent 

n a t u r e  a r e  a s  fo l lows:  

1. Construct ion materia1.s requi red  f o r  cons t ruc t ion ;  . 

2. Energy u t i l i z e d  i n  t h e  cons t ruc t ion  process;  

3 . .  Land occupied by proposed f a c i l i t i e s ;  and 

4.  Dis rupt ion .of  p rev ious ly  undis turbed  t e r r a i n .  

. The concre te ,  s t e e l ,  and ' o t h e r  m a t e r i a l s  r equ i r ed  dur ing  cons t ruc t ion  a r e  

e s s e n t i a l l y  i r r e v e r s i b l e  and i r r e t r i e v a b l e  commitments of t hese  resources .  ..  hat 

is ,  once t h e y  a r e  used i n  t h e  proposed cons t ruc t ion ,  tt i s  h ighly  unl!kely t h a t  

they w i l l  ever  be ,used aga in  f o r  any o t h e r  purpo.se. The energy u t i l i z e d  dur ing  

the  cons t ruc t ion  process  w i l  be  p r imar i ly  gas ,  o i l  a n d . d i e s e 1  f u e l  t h a t  i s  

requi red  f o r  the ope ra t ion  of t r u c k s ,  bu l ldoze r s ,  d i t c h  d igge r s ,  and ' o t h e r  

cons t ruc t ion  equipment. Sonie e l e c t ' r i c a l  energy w i l l  a l s o  be . u t i l i z e d  £ d r  

e l e c t r i c a l  t o o l s  and equipment used dur ing  t h e  cons t ruc t ion  of bu i ld ings  and 

o t h e r  s t r u c t u r e s .  



The l and  on which t h e  proposed f a c i l i t i e s  a r e  t o  be loca t ed  w i l l  be 

committed t o  t h i s  use  f o r  a minimum of 20 yea r s  and poss ib ly  ' for  a s  mudh a s  

40 t o  50 y e a r s  o r  longer .  However, t h i s  commitment i s  no t  permanent, i n  t h a t ,  

. i f  t h e  f a c i l i t i e s  were' t o  be abandoned i n  f u t u r e  yea r s ,  they  could be t o r n  down 

and t h e  l and  could be u t i l i z e d  f o r  o t h e r  purposes.  The maj.or l and  requirement 

w i l l  b e . a s s o c i a t e d ,  w i th  t h e  c e n t r a l  p l a n t  f a c i l i t y  and r e l a t e d  s to rage  f a c i -  

l i t i e s  and cool ing  ponds t h a t  w i l l  be  cons t ruc ted .  Land r equ i r ed  f o r  t h e  

d i s t r i b u t i o n  and r e t u r n  system wi l l  only be a narrow easement t h a t  i s  only 

10 t o  15 f e e t  wide. I n  most ca ses ,  t h e  easement f o r  t h e  d i s t r i bu t ' i on  and re -  

t u r n  system w i l l  be  l oca t ed  i n  e x i s t i n g  s t r e e t s  and highway rights-of-way. In ,  

most ca ses ,  t h e  presence of t h e  d i s t r i b u t i o n  and r e t u r n  system w i l l  no t  pre- 

ven t  t h e  l and  i t s e l f  from being u t i l i z e d  f o r  o t h e r  purposes.  .However, i n  

some cases  t h e r e  may be a r e s t r i c t i o n  i n  bu i ld ing  a  s t r u c t u r e ,  o r  bu i ld ing  

wi th in  the  permanent easement. 

One of t h e  major environmental impacts of cons t ruc t ion  ope ra t ions  i s  t h e  

d i s r u p t i o n  of p rev ious ly  undisturbed te r ra in . ,  During cons t ruc t ion  of t h e  

t ransmiss ion  a n d - r e t u r n  system, rights-of-way must be c l e a r e d  of vege ta t ion  

and smoothly graded so  t h a t  cons t ruc t ion  equipment can move e a s i l y  along t h e  

right-of-way whi le  dfgging t h e  t r ench  f o r  t h e  t ransmiss ion  main. Clear ing  

and grading i s  a l s o  r equ i r ed  a t  s i t e s  where bu i ld ings  o r  o the r  s t r u c t u r e s  

must be cons t ruc t ed .  I f  t h e  cons t ruc t ion  t a k e s  p l ace  i n  an a r e a  t h a t  has  

been previous ly  undis turbed ,  then  t h e r e  i s  a danger t h a t  unique vege ta t ion  

o r  w i l d l i f e  h a b i t a t  o r  prev ious ly  undiscovered a rchaeo log ica l  s i t e s  may be 

damaged' o r  destroyed by the  cdns t ruc t ion  opera t ions .  For t h e  Heat Pump 

Centered-Integrated Community Energy System, most of the  cons t ruc t ion  f o r  

t h e  t ransmiss ion  and d i s t r i b u t i o n  system i s  expected t o  be along e x i s t i n g  

s t r e e t s  and highways and t h e r e f o r e  w i l l  no t  involve  much cons t ruc t ion  i n  



a r e a s  t h a t  have been previous ly  undisturbed. The environmental impacts 

0-f cons t ruc t ion  t h a t  do occur i n  undisturbed t e r r a i n  can be minimized by 

. c a r e f u l  s i te s e l e c t i o n  and rou t ing  of t ransmiss ion  mains t o  avoid unique 

vegeta t ion ,  w i l d l i f e ,  o r  a r chaeo log ica l  s i t e s .  

' 5.3 ENV.IRONMENTAL IMPACT OF OPERATION,. 

One of t h e  most. s i g n i f i c a n t  p o t e n t i a l  impacts of t he  proposed Heat 

Pump Centered-Integrated Community Energy System is  on the  e x i s t i n g  sewers 

and wastewater t rea tment  f a c i l i t i e s  w i t h i n  t h e  community. There a r e  

. . seve ra l .  a spec t s  .of t he  p r o j e c t  t h a t  could c r e a t e  an  impact on e x i s t i n g  

. wastewater f a c i l i t i e s .  These impacts a r e :  

. . . . 1. The' a d d i t i o n a l  hydrau l i c  loading on t h e  sewer system i f  
. . 

t he  sewer system is used a s  t h e  means of r e t u r n i n g  the  

h e a t  pump water  supply t o  t h e  c e n t r a l  f a c i l i t y .  

2 .  The a d d i t i o n a l  hydrau l i c  loading  on the  wastewater 

t reatment  f a c i l i t y  i t s e l f  i f  t h e  sewer system is  used 

a s  t he  means of r e tu rn ing  the  h e a t  pump water  supply 

. ' ' t o  t he  ' c e n t r a l  p l an t .  

3. The. e f f e c t ' o n  the  wastewater t reatment  process  i f  t h e  

temperature of t h e , u n t r e a t e d  wastewater i s  r a i s e d  o r  . . .  

. . 
lowered a s  a r e s u l t  of ' t h e  ope ra t ion  of t h e  h e a t  pump 

. . system. (Lowering the  wastewater temperature w i l l  slow . . 

down t h e  b i o l o g i c a l  t reatment  process  and r e q u i r e  l a r g e r  

a e r a t i o n  bas ins  t o  i nc rease  the  t ime of t reatment . )  

4 ,  The environmental impact on water  q u a l i t y . a n d  aqua t i c  l i f e  

i n  ,the. s t ream where the  t r e a t e d  wastewater '.is discharged 

a s  a r e s u l t  of a change in. temperature of t h e  wastewater 

discharge.  



Because of t he  s i g n i f i c a n t  n a t u r e  of t hese  impacts,  a  s e p a r a t e  

d i scuss ion  o f ,  each. w i l l  be  presented.  

One of t h e  schemes t o  be eva lua ted  inc ludes  us ing  t h e  e x i s t i n g  

l i n e s  t o  t r a n s p o r t  t h e  used water  from the  h e a t  pump system back t o  

t h e  municipal  wastewater t rea tment  p l a n t ' a n d  c e n t r a l  h e a t  exchangers 

and pumping f a c i l i t i e s .  This a d d i t i o n a l  d i scharge  t o  t he  sewer system 

would c o n s t i t u t e  an a d d i t i o n a l  hydrau l i c  loading on t h e  sewer system 

ove r ' and  above t h e  es t imated  wastewater flows t h a t  were used t o  design 

t h e  sewers i n i t i a l l y .  Consequently, i f  t he  e x i s t i n g  sewer system were 

t o  be  u t i l i z e d  as a  p a r t  of t h e  r e t u r n  system, i t  would be  necessary t o  

eva lua t e  t he  impact of t h i s  a d d i t i o n a l  hydrau l i c  flow on t h e  e x i s t i n g  

sewers. Severa l  ques t ions  would need t o  be  addressed. These a r e :  
. . 

1. Can t h e  e x i s t i n g  sewer l i n e s  ca r ry  t h e  peak hydrau l i c  

' f lows t h a t  w i l l  r e s u l t  when the  spen t  water  from the  

hea t  pump system i s  discharged i n t o  t h e  sewer system? 

2. Which sewer l i n e s  w i l l  be  overloaded.and how much 

a d d i t i o n a l  sewer capac i ty  must be  provided? 

3. Even i f  t h e  e x i s t i n g  sewer l i n e s  have s u f f i c i e n t  . 

, . 
capac i ty  t o  ca r ry  t h e  a d d i t i o n a l  hydrau l i c  f lows,  

t he  u l t i m a t e  capac i ty  of the sewers w i l l  be  reached 

sooner than  o r i g i n a l l y  a n t i c i p a t e d  wi thout  t h e  water  

from t h e  h e a t  pump system. How soon w i l l  t h e  capac i ty  

of e x i s t i n g  s e w e r ' l i n e s  b e  reached? 

. 4 . .  I f  p a r a l l e l  d r  replacement sewer l i n e s  must be cons t ruc ted  

t o  provide a d d i t i o n a l  capac i ty ,  then the  environmental 

impacts f o r  t h i s  cons t ruc t ion  must be  evaluated.  

The hydrau l i c  loading  a t  t h e  wastewater t rea tment  p l a n t  would a l s o  be 



a po in t  of concern i n  the  HP-ICES scheme descr ibed  above. The pumping 

f a c i l i t i e s  f o r  t h e  i n f l u e n t  wastewater ,  t he  b a r  sc reen  and g r i t  removal 

f a c i l i t i e s ,  and the  primary c l a r i f i e r  would a l l  have t o  be  s i z e d  t o  

handle t he  a d d i t i o n a l  hydrau l i c  loading.  I f  t hese  f a c i l i t i e s  do not  

have adequate capac i ty  t o  handle t he  a d d i t i o n a l  hydrau l i c ' f l ow,  t h e i r  

performance w i l l  b e  s i g n i f i c a n t l y  impaired and the  t reatment  f a c i l i t y  
. . 

w i l l  no t  achieve t h e  degree of t rea tment  f o r  which i t  was designed. 

- ' T h i s  could r e s u l t  i n  t h e  d ischarge  of raw o r  improperly t r e a t e d  wastewater 

t o  t he  ,stream. 

A h e a t  pump centered energy recovery system u t i l i z i n g  wastewater a s  

t he  h e a t  source  and s i n k  w i l l  r a i s e  o r  lower t h e  temperature of t h e  waste- 

water  r e l a t i v e  t o  t he  normally encountered temperatures.  The temperature 

of t h e  wastewater w i l l  be r a i s e d  i n  t h e  summer and lowered i n  t h e - w i n t e r .  

Since t h e  t rea tment  of domestic wastewater usual ' ly depends upom some form 

of microbio logica l  a c t i v i t y  (e.g., a c t i v a t e d  s ludge,  t r i c k l i n g  f i l t e r s ,  

e t c . ) ,  and s i n c e  temperature i s  an important 'facto.r a f f e c t i n g  the  b io logi -  

c a l  a c t i v i t y  r a t e s ,  changing t h e  temperature of wastewater w i l l  a l t e r  t he  

r a t e  a t  which the  wastewater is  b i o l o g i c a l l y  t r e a t e d .  .Typica l ly ,  t he  

co lde r .  the , ' t empera ture ,  t he  s lower t h e  r a t e  of b i o l o g i c a l  t reatment .  

Hence, a s . t h e  r a t e  of t he  b i o l o g i c a l  r e a c t i o n  is decreased,  t h e  . t ime 

requi red  t o  provide t h e  same degree of t rea tment  must be fncreased.  This  

means t h a t  wi th  lower b i o l o g i x a l  r e a c t i o n  r a t e s  t h e  volume of t h e  a e r a t i o n  

' b a s i n  must be increased  t o  provide a  longer  de t en t ion  time (and r e a c t i o n  

time) t o  achieve t h e  same degree of t rea tment  a s  t h e  h igher  r e a c t i o n  r a t e s .  

Biochemical r eac t ions ,  i n  genera l ,  fo l low t h e  van ' t  Hoff r u l e  of a  doubling 

of miac t ion  r i t e  f d r  a  l O O C  (la°F) i n c r e a s e  i n  temperature over a  r e s , t r i c t e d  ' ,  

temperature range. S tudies  wi th  a c t i v a t e d  s ludge have shown t h e  r e a c t i o n  



30 r a t e  t o  b e  more than doubled f o r  a 1 0 ' ~  r i s e  i n  temperature . 
. T y p i c a l l y ,  b i o l o g i c a l  wastewater t reatment  systems a r e  designed t o  

ope ra t e  a t  the  colde.s t  wastewater temperature t h a t  might be expected i n  

t h e  p a r t i c u l a r  reg ion  i n  which t h e  t rea tment  f a c i l i t y  is t o  be  located.  

Typical  minimum des ign  temperatures may range from 4 5 O ~  t o  55OF. Since 

. . 
. b i o l o g i c a l  t rea tment  r a t e s  would be  slowed a s  a r e s u l t  of t he  lowered 

. temperature i n  t h e  win te r ,  t he  lowered temperature would need t o  be  

considered dur ing  t h e  design p h a s e . t o  s i z e  b i o l o g i c a l  t reatment  u n i t s  

o r  t o  p r e d i c t ,  l o s t  t rea tment  e f f i c i e n c i e s  f o r  e x i s t i n g  f a c i l i t i e s .  

The change i n  b i o l o g i c a l  a c t i v i t y  r a t e s  may be  expressed 

31 mathematical ly  by t h e  Arrhenius equat ion  , 

dlrik - - E a 
dT 

- - 2  RT 

where dlnk/dT r e p r e s e n t s  the  change i n  the' n a t u r a l  l o g  of t he  b i o l o g i c a l  

a c t i v i t y  r a t e  cons t an t  w i th  temperature,  R ' i s  t h e  un ive r sa l  gas cons tan t ,  

and Ea is  a cons t an t  f o r  t h e  r e a c t i o n  termed t h e " ' a c t i v a t i o n  energy." 

I n t e g r a t i n g  between t h e  l i m i t s  g ives  

where k2 and k l  a r e  r a t e  cons t an t s  a t  temperatures  T2 and TI r e spec t ive ly .  

Temperature i s  expressed i n  degrees Kelvin. By s u b s t i t u t i n g  t h e  cons tan t  

8 f o r  Ea/RT2T1, t h e  equat ion  becomes 

By using the  expanded form of ex;the equat ion  can b e  approximated a s  



The cons tan t  8 has been shown empi r i ca l ly  t o  vary from 0.056 i n  t h e  

. temperature range between 20° and 30°C and 0.135 i n . t h e  temperature range 

between 4O and 200~32 .  A va lue  f o r  8 of t en  quoted i n  t he  l i t e r a t u r e  f o r  

b i o l o g i c a l  wastewater t reatment  r e a c t i o n  f a t e s  is 0 . 0 4 7 ~ ~ .  - .  

Therefore,  a  decrease  i n  t h e  minimum wastewater temperature from 55OF 

t o  500F would t h e o r e t i c a l l y  decrease  a  t y p i c a l  domestic wastewater b io logi -  

c a l  r e a c t i o n  r a t e  cons tan t  from 0.25 t o  0.22 (12% decrease)  and a  decrease 

t o  45OF would decrease t h e  r e a c t i o n  r a t e  cons t an t  t o  0.18 .(28% decrease) .  

Once ad jus t ed  f o r  temperature,  t he  r e a c t i o n  r a t e  .constant ,  .k, which 

a l s o  v a r i e s  f o r  varying wastes  and t reatment  cond i t i ons ,  can be  u t i l i z e d  

i n  t h e  fol lowing equat ion  t o  s i z e  b i o l o g i c a l  t rea tment  u n i t s : '  

. Lt  = L (10-kt). 

where L is  the  i n i t i a l  BOD (biochemical oxygen demand, a  measure of t he  

organic  s t r e n g t h  of wastewater)., and Lt is  the  t r e a t e d  BOD a t  r e t e n t i o n  

time, t. Using t h i s  equat ion  and assuming a  decrease  i n  t h e  b i o l o g i c a l  

r e a c t i o n  r a t e  from 0.25 t o  0.18 (550F t o  45OF) t h e  de t en t ion  time t would 

have t o  be increased  38.7% i n  order  t o  achieve t h e  same deg ree ,o f  t r e a t -  

ment. Hence, t h e  volume of t h e  a e r a t i o n  b a s i n  would need t o  b e  increased  

38.7% and the  a e r a t i o n  equipment would need t o  be  designed f o r  t he  l a r g e r  

volume and longer  r e t e n t i o n  times. 

' Another .aspec t  of t h e  wastewater t rea tment  process  t h a t  is  inf luenced  

by temperature is- t h e  anaerobic d i g e s t i o n  of sewage s o l i d s  o r  sludge..  A s  

wi th  t h e  l i q u i d  wastewater t rea tment ,  t he  b i o l o g i c a l  a c t i v i t y  r a t e s  a r e  

Lruprrature dependent. I n  some a r e a s  of t h e  country anaerobic d i g e s t e r s  

must be hea ted  dur ing  the  win te r  months i n  o rde r  t o  maintain acceptab le  

r a t e s  of '  microbio logica l  a c t i v i t y .  However, s i n c e  the  d i g e s t i o n  of s ludge 



s o l i d s  is  s e p a r a t e  from t h e  l i q u i d  t rea tment  process ,  t h e  HPC-ICES scheme 

would no t  have any in f luence  on t h e  temperature i n  t h e  aqaerobic d i g e s t e r  

and hence would n o t  a f f e c t  t h e  s ludge  d i g e s t i o n  process .  

Addi t iona l ly ,  wastewater temperature changes a f f e c t  oxygen t r a n s f e r  

r a t e s ,  d i s i n f e c t i o n  r a t e s ,  and under extreme condi t ions  the  aqua t i c  b.iota 

i n  t he  r e c e i v i n g  stream. Both oxygen t r a n s f e r  and d i s i n f e c t i o n  r a t e s  

fo l low t h e  van ' t  Hoff-Arrhenius r e l a t i o n s h i p ,  b u t  i n  t he  oppos i te  manner. 

Elevated temperatures  decrease oxygen t r a n s f e r  r a t e s  whi le  i nc reas ing  

d i s i n f e c t i o n  ra tes , .  Theref o re ,  cons ide ra t ion  would l i k e l y  need t o  be  

. g iven  t o  t he  decreased d i s i n f e c t i o n  k i l l  r a t e s  i n  t h e  win te r  and decreased , 

oxygen t r a n s f e r  r a t e s  i n  t h e  summer. 

A d e t a i l e d  d i scuss ion  of thermal p o l l u t i o n  and the  e f f e c t s  of tempera- 

t u r e  changes qn a q u a t i c  l i f e  is  'beyond t h e  scope. o f .  t he  r epo r t .  However, 

i t  may be  s t a t e d  gene ra l ly  t h a t  a s  wastewater e f f l u e n t  temperatures i nc rease ,  

d i sso lved  oxygen s a t u r a t i o n  concent ra t ions  decrease ,  and predominant 

aqua t i c  l i f e f o r m s  become l e s s  d e s i r a b l e  i n  cha rac t e r .  Heated water  

d i scharges ,  a f  t e r  i n i t i a l  mixing, should no t  i nc rease  t h e  temperature of 
- 

t he  main body of t h e  r ece iv ing  waters  above ' 9 5 O ~  i f  f i s h  l i f e  i s  t o  be 

preserved. An excess ive  inc rease  i n  t he  temperature of t he  wastewater- 

d i l u t i n g  water  mixture above t h a t  of t he  d i l u t i n g  water  should  no t  be 

permit ted.  Inc reases  should be  l i m i t e d  t o  3OF t o  5OF, according t o  t he  

r e p o r t  of t h e  Nat iona l  ~ e c h n i c a l  Advisory A t  t he  p re sen t  

time, t h e  pe rmis s ib l e  temperature i nc rease  i s  a mat te r  of controversy.  

Deta i led  d i scuss ion  of thermal p o l l u t i o n  may be found i n  Krendel and 
. . .  .. ..... 

18 
, Parker  . 

5.3.2 IMPACTS ON MUNICIPAL WATER SYSTEM 

The a l t e r n a t i v e  scheme which u t i l i z e s  primary c l a r i f i e d  wastewater 



i n  the  d i s t r i b u t i o n  system to, each ind iv idua l  h e a t  pump p resen t s  a po ten- '  

t i a l  environmental impact t o  t h e  municipal  water  system. With t h i s  type  

of system t h e r e  is always a danger t h a t  someone w i l l  make a mistake and 

connect the  h e a t  pump water system t o  t h e  municipal water  system and 

thereby cause contamination of t he  municipal water  system.'  Even i f  t h e  

primary c l a r i f i e d  wastewater is  ch lo r ina t ed  be fo re  going i n t o  t h e  h e a t  

pump d i s t r i b u t i o n  system, a p o t e n t i a l  f o r  contamination would e x i s t  i f  

c ros s  connect ions were made between t h e  h e a t  pump water  d i s t r i b u t i o n  system 

and the  po tab le  water  d i s t r i b u t i o n  system. Another p o t e n t i a l  danger is  

t h a t  a plumber o r  homeowner might by mistake connect i n t o  t h e  h e a t  pump 

water  d i s t r i b u t i o n  system f o r  t he  water  supply f o r  a home o r  business .  

Such a mistake would, of course,  be  a s e r i o u s  pub l i c  h e a l t h  hazard. 

5.3.3 IMPACTS ON ENERGY SOURCES 

One of t he  most s i g n i f i c a n t  p o s i t i v e  impacts of t he  proposed Heat 

Pump Centered-Integrated Community Energy System i s  a more e f f i c i e n t  

u t i l i z a t i o n  of a v a i l a b l e  energy f o r  t h e  hea t ing  and cool ing  of r e s i -  

d e n t i a l  homes and commercial es tab l i shments .  I n  add i t i on ,  t h e  h e a t  pump 

system . w i l l  u t i l i z e  low-grade h e a t  found i n  wastewater d i scharges  wHich 

is now wasted. The primary energy requirements  f o r  t h e  proposed h e a t  

pump system w i l l  b e  f o r  t h e  pumping f a c i l i t i e s  which w i l l  be  a p a r t  of 

t he  d i s t r i b , u t i o n  system, the  e l e c t r i c a l  power f o r  each i n d i v i d u a l  h e a t  

pump and the  energy requi red  a t  t h e  c e n t r a l  p l a n t  f a c i l i t y  f o r  t he  pumps, 

h e a t  exchangers,  and o the r  equipment needed there .  Once a prel iminary 

design and layout  has  been developed f o r  a p a r t i c u l a r  system, i t  w i l l  

be poss ib l e  t o  e s t ima te  t h e  t o t a l  energy t h a t  w i l l  be  requi red  i n  t he  

system's ope ra t ion  and compare t h i s  energy consumption wi th  t h e  amount 

of energy t h a t  would have been r equ i r ed  wi th  a convent ional  hea t ing  and 

. . cool ing  system. 
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6.0 PROJECTED GROWTH 

6 .1  INTRODUCTION . . 

A Heat Pump Centered-Integrated Community Energy System w i l l ,  i n  a.  s ense ,  

be a  pub l i c  u t i l i t y  t h a t  w i l l . b e  designed t o  s e r v e  a l l  o r  p a r t  of the  e x i s t i n g  

popula t ion  of a  community and a l l  o r  p a r t  of f u t u r e  i n c r e a s e s  . ' in t he  community's 
. . 

popula t ion .  Consequ.ently, the  planning and des ign  f o r  such a  system must 

c a r e f u l l y  eva lua t e  both t he  e x i s t i n g  popula t ion  of the  community and f u t u r e  changes 

t h a t  a r e  a n t i c i p a t e d  i n  t h e  community's popula t ion .  The purpose of t h i s  s e c t i o n  

i s  t o  review b r . i e f ly  t he  methods t h a t  a r e  a v a i l a b l e  t o  p l anne r s  and engineers  f o r  

determining f u t u r e  popula t ion  changes and t o  d e s c r i b e  how an HP-ICES would be 

expanded t o  meet v a r i o u s  r a t e s  of i n c r e a s i n g  popula t ion .  

. 6 . 2  METHODOLOGY FOR PROJECTING GROWTH 

6 .2 .1  POPULATION PROJECTIONS 

There a r e  numerous methods a v a i l a b l e  t o  engineers  and p lanners  f o r  

p r o j e c t i n g  .the f u t u r e  popula t ion  of a  given a r e a .  The most commonly used 

methods may be c l a s s i f i e d  a s :  

1. g raph ica l  ; 

2. 'd 'ecreasing r a t e  of growth ( i n c r e a s e ) ;  

3. mathematical or l o g i s t i c ;  

4 .  r a t i o  and c o r r e l a t i o n ;  

5. component; 

6 .  employment f o r e c a s t s .  
21 

Using one or  more of t h e s e  methods, an i n d i v i d u a l  r e sea rche r  can ga the r  t he  appro- 

. . p r i a t e  d a t a  f o r  a  p a r t i c u l a r  a r e a  and develop a  t o t a l l y  independent popula t ion  

p r o j e c t i o n  f o r  t h a t  a r e a .  The method u t i l i z e d  can be a  s imple g r a p h i c a l  ex tens ion  

of. popula t ion  based on p a s t  popula t ion  changes o r  i t  can be a  complex and mathemati- 

c a l l y  s o p h i s t i c a t e d  method which r e q u i r e s  cons ide rab l e  t i m e  and a n  involved a n a l y s i s .  

For many yea r s  t h e  pre l iminary  planning t h a t  was done f o r  pub l i c  f a c i l i t i e s  



' ., 

r equ i r ed  t h a t  such independent popula t ion  p r o j e c t i o n s  be developed. However, 

many of t h e s e  independent popula t ion  p r o j e c t i o n s  were l a t e r  found. t o  be i n  e r r c  

due i n  p a r t  t o  th'e assumptions made by the  i n v e s t i g a t o r s  and. i n , p a r t  t o  the 

pe r sona l  b i a s  of t h e  i n v e s t i g a t o r s  concerning the  a r e a  i n  ques t ion .  I n  r ecen t  

y e a r s  Federa l  and S t a t e  agencies  have become.act ively involved i n  developing 

S t a t e  and Nat iona l  popula t ion  p r o j e c t i o n s  which i n  t u r n  a r e  disaggregated t o  the  

l o c a l  l e v e l .  For most publ ic  f a c i l i t i e s  t h a t  a r e  being f inanced i n  p a r t  with 

Federa l  g r a n t s  o r  l oans ,  i t  i s  usua l ly  requi red  t h a t  populat ion p r o j e c t i o n s  used 

i n  des igning  these  f a c i l i t i e s  be  i n  agreement with S t a t e  and Federa l  p ro j ec t ions  

t h a t  have been 'developed f o r  the  p a r t i c u l a r  a r e a  i n  ques t ion .  

'1n ~ e o r ~ i a ,  t he  S t a t e  Of f i ce  of Planning and Budget has  t h e  r e spons ib2 l i t y  

f o r  developing popu la t ion  p r o j e c t i o n s  i n  the  S t a t e ;  A r ecen t  r e p o r t  by t h a t  

o f f i c e  was e n t i t l e d  "Populat ion P r o j e c t i o n s  f o r  Georgia Counties,  1980-2010. ,138 

The popula t ion  p r o j e c t i o n s  descr ibed  i n  t h i s  p u b l i c a t i o n  a r e  termed "base l ine  

p r o j e c t i o n s .  " , The term "basel ine" denotes  an e s t ima te  of 'what can be expected 

i f  t h e r e  a r e  no s u b s t a n t i a l  changes t h a t  would impact popula t ion  growth. The 

popula t ion  p r o j e c t i o n s  f o r  Georgia coun t i e s  ' u t i l i z e d  d a t a  from each ind iv idua l  

' county along wi th  d a t a  from each Area Planning and Development Commission. I n  

Georgia each of t h e  159 coun t i e s  is loca t ed  i n  one of 18  Area Planning and Deve- 

lopment Commissions (APDC). One of t he  main func t ions  of a n  APDC is  t o  main- 

t a i n  a c c u r a t e  and complete informat ion .on  popula t ion  changes and populat ion 

t r ends  f o r  each of the coun t i e s  w i th in  t h e  APDC. I n  a d d i t i o n ,  most of t he  

APDC' s have developed popula t ion  p r o j e c t i o n s  f o r  i n d i v i d u a l  communities and 

c i t . i e s  w i th in  . . t h e i r  j u r i s d i c t i o n .  . . 

Within the  Federa l  government, t he  Water Resources Council has  i n  r ecen t  " 

years  coordinated the  work of s e v e r a l  Federal  agencies  i n  t h e  a r e a  of popula- 

t i o n .  p ro j ec t ions .  . Under a  coopera t ive  agreement with the  Water Resources 



Council, the Bureau of Economic Analysis, U. S. .Department of Commerce., has 

worked jointly with the Economic Research Service, U. S. Department of Agri- 

culture, to develop unified population projections for each state in the nation 

along with the counties within each state. Population projections developed 

under this program have been commonly referred to by the acfonym of "OBERS." 

A concerted effort has been made to assure cooperation betwee? the.Federa1 

agencies involved, each responsible State agency, and the local Area Planning 

and Development Cormnissions to assure uniformity and agreement among the popu- 

lation projections published by each of these agencies. 

The most .complete data available on existing population is the Federal 

Census of Population which is conducted every 10 years. The Census of Popu- 

lation contains extensive population data for each state and the counties 

and municipalities within each state. Between censuses, the Bureau of the 

Census in the U. S..Department of Commerce in conjunction with the State agency 

that has. responsibility for population projections publishes a yearly report 

which gives the estimated population of each state and the counties within the 

state for ,that year. These reports are referred to as' "Current Population 

Reports Series P-25. 1156~or individual communities and municipalities within a 

county, it may be necessary to utilize other sources of information to estimate 

existing population between censllses. Changes in popdationsince the last 

census can be estimated by utilizing school enrollment records, records of 

births and deaths, records of building permits for residential construction 

and automobile registration records. Fairly accurate estimates of existing 

population can be made by properly utilizing such information as noted above. 

6.2.2 ECONOMIC' ACTIVITY PROJECTIONS 

A Heat Pump Centered-Integrated Community Energy System would serve not 

only residential areas but commercial and industrial areas as well. Hence the 



planning and design for such a system would need to consider growth of commer- 

cial and industrial activities of the area. Projections of future economic 

activity within an area most frequently give consideration to past commercial 

and industrial growth that has occurred and the potential for future commer- 

cial and industrial growth based on the conditions generally considered neces- 

sary and.desirable for economic growth to occur. 

'Area Planning and Development Commissions are frequently the best source 

of inf ormation concerning past commercial and industrial growth and projections 

of future commercial and industrial growth for a particular area. These agen-. 

' 

cies frequently conduct studies to analyze the type of economic growth which 

has occurred in a particular area and at the same time analyze the potential 

for future economic growth. Such studies often include estimates on the ex- 

pansion of existing businesses that can be anticipated and projections of the 

type and size of new businesses and industry that may locate within the area 

during a particular time frame. In addition to the studies and reports published 

by the APDC's, the State government may have an office or department whose 

primary responsibility is promotion of commercial and industrial growth within" 

the state. Data available from this office or department may be valuable in 

projecting the future economic growth of an area. However, it may be limited 

by the depth of coverage for a particular geographical area. 

Other sources of information concerning the future economic growth of an 

area would include the planning departments in the larger cities and Chambers 

of Commerce. However, it should be noted that the economic growth which may 

be projected'.by a Chamber of Commerce is likely to be the ideal growth which 

the Chamber of Commerce desires to see and not necessarily the amount of 

economic growth that can be realistically anticipated. 



6 . 2 . 3  FUTURE' LAND USE PLANS AND EXISTING LAND USE PATTERNS 

Another important a spec t  i n  t he  des ign  of a  pub l i c  f a c i l i t y  such a s  an 

HP-ICES i s  determining where wi th in  t h e  s tudy a r e a  t h e  r e s i d e n t i a l ,  commercial 

and ' i n d u s t r i a l  growth w i l l  occur .  The previous two s e c t i o n s  have presented 

the  d a t a  sources  and methodology' tha't can be u t i l i z e d  ' i n  p r d j e c t i n g  popula t ion  . , '  

and economic growth f o r  a  p a r t i c u l a r  a r e a .  However, i t  i s  equa l ly  important 

t h a t  t h e  s p e c i f i c  a r e a s  wit.hin the  community be de l inea t ed  where r e s i d e n t i a l ,  

. . commercial and i n d u s t r i a l  growth i s  a n t i c i p a t e d  t o  occur.  The most f r equen t ly  

,used method f o r  determining where f u t u r e  growth w i l l  occur  i s  by ana lyz ing  

f u t u r e  land  use p l ans  t h a t  have been adopted for thecommunity.  Future  land 

use  p l ans  a r e  gene ra l ly  developed by a  c i t y  planning cormnission o r  an Area 

Planning and Development Commission and have taken i n t o  cons ide ra t ion  e x i s t i n g  

land use,  e x i s t i n g  .publ ic  f a c i l i t i e s  such a s  water  and sewer l i n e s ,  s t r e e t s  

and major . thoroughfares ,  and phys i ca l  f e a t u r e s  such a s  f lood  p l a i n s ,  topography, 

s o i l  and geo log ica l  c h a r a c t e r i s t i c s  and o t h e r  f a c t o r s  which might i n f luence  

u l t i m a t e  land  use  and development. Taking i n t o  cons ide ra t ion  t h e  f a c t o r s  t h a t  

have been noted;  f u t u r e  land  use  p l a n s  gene ra l ly  propose those  l and  uses  which 

appear t o  be most d e s i r a b l e  f o r  each p a r t i c u l a r  t r a c t  of land.  Before u t i l i z i n g  

f u t u r e  land  use p l ans  i n  the  planning process ,  . i t  i s  important t h a t  p lanners  
' , 

and engineers  determine t h e  v a l i d i t y  of a  p a r t i c u l a r  land  use p ian .  I n  p a r t i -  

c u l a r  t he  fol lowing ques t ions  should be addressed:  

1. Has the  land use  p lan  been formally adopted by 

the  l o c a l  government? 

2. Are the  .goals and . ob jec t ives  of t h e  l and  use  

p lan  being implemented through a  program of 

planning and zoning r e g u l a t i o n s ?  

3.  Is the  land  'use p l an  used a s  a  guide f o r  dec i s ion  

making by local  governmental o f f i c i a l s ?  

115 



If the land use plan has been formally adopted and is'being implemented 

thrdugh plafining and zoning regulations, then it can be, a valuable tool in 

determining where future growth within the community wit1 occur. . However, 

if the land use plan is not being implemented, then it may be more desirable 

to use other sources of information to project where growth will occur. In 

some cases future land use and growth can be more accurately projected by 

analyzing existing land uses and recent trends and changes .in land use. In 

many cases, the past trends in land use and land use changes for the last five 

to .ten years may continue for the next five to ten years. That is, a portion 

of town which was previously undeveloped but has seen heavy residential develop- 

ment in recent years is likely to continue to experience residential development 

in the corning years unless some limiting factor develops. In the same sense, 

areasof, town which have recently experienced commercial or industrial develop- 

ment are likely to continue to experience such development if suitable land is 

available. Data and information on existing land use and land use patterns is 

available from several sources. Planning commmissions and Area Planning and 

Development Commissions often have published reports that contain extensive 

data and maps on existing land uses. In addition, maps that show existing 

zoning often accurately reflect existing land uses. Changes in land uses 

and changing land use patterns can be detected by reviewing zoning changes 

in recent years, location of new residential and commercial construction 

in recent years, aerial photographs taken of the same area 0ver.a period of 

years and maps of the community that were developed a t  several different time 

periods.. . .  

6 .2 .4  ACCURACY OF GROWTH PROJECTIONS 

In projecting future population and economic growth for an area, it is 

important for planners and engineers to have an understanding of the degree of 

accuracy that can be anticipated with these projections. There are numerous 
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f a c t o r s  which in f luence  t h e  popula t ion .and  economic growth of a n  a r e a  and 

unexpected events  o r  changes i n  e x i s t i n g  cond i t i ons  can have a  s i g n i f i c a n t  

i n f luence  on popula t ion  and economic growth. A s  a  gene ra l  r u l e ,  t he  accuracy 

of populat ion es t imates  decreases  a s  

(1) t h e  time per iod  of t h e  f o r e c a s t  i n c r e a s e s ,  

(2) the  popula t idn  of t h e  a r e a  decreases ,  and 

(3) t h e  popula t ion  r a t e  of change inc reases .  2  1 

Consequently, popula t ion  p r o j e c t i o n s  f o r  t h e  next  t h r e e  t o  f i v e  yea r s  w i l l  

g ene ra l ly  be much more accu ra t e  than  popula t ion  p r o j e c t i o n s  f o r  t h e  next  ten 

t o  20 years .  Also, popula t ion  p r o j e c t i o n s  f o r  a  l a r g e  c i t y  a r e  more l i k e l y  

t o  be accu ra t e  than popula t ion  p r o j e c t i o n s  f o r  a  smal l  c i t y .  I n  small  commu- 

n i t i e s  popula t ion  growth i s  s i g n i f i c a n t l y  infLuenced by unexpected even t s  

t h a t  may occur dur ing  t h e  planning period.  For smal l  communities such th ings  

a s  t h e  opening of a  new indus t ry  o r  t h e  c l o s i n g  of an  e x i s t i n g  indus t ry  o r  

changes t o  a  nearby m i l i t a r y  i n s t a l l a t i o n  can s i g n i f i c a n t l y  a f f e c t  t h e  popu- 

l a t i d n  of t h e  community. 

For t h e  reasons  t h a t  have been noted,  p r o j e c t i o n s  of f u t u r e  growth may 

no t  be h ighly  a c c u r a t e  and, hence, t h i s  f a c t  must be considered by p lanners  

and dngineers  i n  t h e  planning and design of pub l i c  f a c i l i t i e s  such a s  t h e  Heat 

Pump ~ e n t e r e d - . I n  t eg ra t cd  community Energy System. 

6 . 3  CXWTKAL PLANT AND MAIN PUMPING FACILITIES 

6 . 3 . 1  INITIAL DESIGN AND SIZING 

I n  t h e  planning of pub l i c  f a c i l i t i e s  such a s  water  t rea tment  p l a n t s ,  waste- 

water  t reatment  p l a n t s  o r  t h e  c e n t r a l  p o r t i o n  of aii HP-ICES, one of t he  most 

important  dec i s ions  t o  be made i s  t h e  i n i t i a l  s i z e  and capac i ty  of t h e  f a c i l i t y .  

Since t h e  design of such f a c i l i t i e s  o f t e n  r e q u i r e s  s i x  t o  twelve months and 

t h e  cons t ruc t ion  f r e q u e n t l y  r e q u i r e s ' a  minimum of one t o  two yea r s ,  t hese  



f a c i l i t i e s  cannot be r a p i d l y  expanded i n  a  s h o r t  t ime frame. Hence, consider-  

a b l e  thought has  t o  be given t o  t h e  i n i t i a l  des ign  and capac i ty  t h a t  i s  t o  be : 

provided. The i n i t i a l  des ign  should a l s o  inc lude  p rov i s ion  f o r  f u t u r e  expan- 

s i o n s  t o  be made i n  t h e  most economical way poss ib l e .  The l ayou t  of t h e  c e n t r a l '  

p l a n t  should show where f u t u r e  e x p a n s i o n s , w i l l  be l oca t ed  i n  r e l a t i o n  t o  t h e  

i n i t i a l  f a c i l i t i e s  cons t ruc t ed .  Under some circumstances,  i t  may be more econo- 

mica l  i n  t h e  f i r s t  phase of cons t ruc t ion  t o  .go ahead and cons t ruc t  l a r g e r  p ip ing  

t h a t  w i l l  be  s u f f i c i e n t  t o  handle f u t u r e  flows dur ing  l a t e r  expansions. .  I n  some 

cases ,  i t  i s  d e s i r a b l e  t o  a l low e x t r a  space i n  major s t r u c t u r e s  such a s  bu i ld ings  

o r  pump s t a t i o n s  s o  t h a t  a d d i t i o n a l  f a c i l i t i e s  such a s  a  pump or '  hea t  exchanger 

could be added a t  a  l a t e r  d a t e  wi th  a minimum of a d d i t i o n a l  c o s t  involved. 

For each  community i n  which .it i s  proposed t o  c o n s t r u c t  an HP-ICES,. i t  

w i l l  be  necessary  t o  conduct a s tudy  t o  determinewhat p o r t i o n s  of t h e  community 

can be economically served by such a system. This  s tudy  would a l s o  p r o j e c t  t he  

a n t i c i p a t e d  growth wi th in  t h e  community t h a t  would be served by the  system i n  

f u t u r e  years .  The des ign  and s i z i n g  of t h e ' c e n t r a l  p l a n t  s t a t i o n  would be 

based on t h e  capac i ty  needed t o  s e rve  t h e  e x i s t i n g  popula t ion  and f u t u r e  growth 

t h a t  i s  a n t i c i p a t e d  t o  occur  w i th in  t h e  next  f i v e  t o  t e n  yea r s  and poss ib ly  

longer .  The next  two s e c t i o n s  w i l l  d i s c u s s  t h e  s i z i n g  of t h e  c e n t r a l  p l a n t  

f a c i l i t i e s  t o  handle v a r i o u s  r a t e s  of growth wi th in  d i f f e r e n t  communities. 

6.3.2 PHASING TO HANDLE LOW TO MODERATE GROWTH SITUATION 

I n  r e c e n t  yea r s ,  t h e  most common time frame t h a t  has  bken u t i l i z e d  i n  

p l ann ing 'pub l i c  f a c i l i t i e s  such as water  and wastewater systems has  been 20 

years .  By . d e f i n i t i o n ,  t he  s t a r t  of t h e  planning per iod  i s  t h e  d a t e  t h a t  t h e  

i n i t i a l  f a c i l i t i e s  which a r e  cons t ruc ted  begin opera t ion .  Hence, t h e  time 

r equ i r ed  f o r  engineer ing  s tudy ,  des ign  and cons t ruc t ion  i s  no t . i nc luded  a s  a 

p a r t  of t h e  planning per iod .  There were a  number of reasons  t h a t  a  20-year 



. . 

plann5ng per.fod was chosen. One:of t h e  main reasons  was t h a t  i t  i s  very  d i f -  

f i c u l t '  t o ' . a ccu ra t e ly  p r o j e c t  popula t ion  and economic growth beyond 20 years .  

For t h e  purpose .of t h i s  d i scuss ion ,  a 20-year planning per iod  w i l l  be u t i l i z e d  

t o  dekcri'be.'how a Heat Pump Centered-Integrated Community Energy System w i l l  

. . be expanded t o  handle va r ious  r a t e s  of growth. 

There a r e  a number of d i f f e r e n t  ways. t h a t  can be used t o  desc r ibe  t h e  

capac i ty  of an HP-ICES. Howeve:r, f o r  t h i s  d i scussfon ,  t h e  capac i ty  of t h e  

system w i l l  be d iscussed  i n  te:ms of t h e  number of customers served. To fu r -  

t h e r  s imp l i fy  t h e  d i scuss ion ,  i t  w i l l  be- assumed t h a t  t h e r e  a r e  no commercial 

customers and tha.t  a l l  customers a r e  s i n g l e  fami ly  r e s i d e n t i a l  u se r s .  The 

purpose of t h i s  s e c t i o n  i s  t o  e x p l a i n  how the. c e n t r a l  p l a n t  p o r t i o n  of an  

W-ICES would.'be'expanded t o  handle low t o  moderate growth t h a t  occurs  wi th in  

t h e  c o w u n i t y  dur ing  the  20-year planning per iod .  Low t o  moderate growth i s  

defined he re  as being an  i n c r e a s e  of 0 t o  50% over  and above t h e  i n i t h l  num- 

be r  of customers served a t  t he  beginning of t h e  plannfng period.  .By t h i s  def- 

i n i t i o n ,  a system t h a t  has  1,000 customers a t  t h e  begJnning of t h e  planning 

per iod  might grow t o  1,500 customers by t h e  end of t h e  planning per iod .  The 

i n i t i a l  s i z i n g  of f a c i l i t i e s  and l a t e r  expansion of f a c i l i t i e s  t o  s e rve  a 

community w i l l  depend n o t  on ly  on t h e  amount of growth t h a t  occurs  dur ing  t h e  

planning period!, bu t  a l s o  on when the  growth occurs  dur ing  t h e  planning period.  

I n  most ca ses ,  un le s s  b e t t e r  d a t a  i s  a v a i l a b l e ,  i t  w i l l  be  assumed t h a t  t h e  

growtli w i l l ' o c c u r - a t  a uniform r a t e  over t h e  e n t i r e  20-year planning per iod .  

However, i n  some c a s e s , . ' i t  may be p o s s i b l e  t o  show that. t h e  maximum growth 

w i l l  t ake  p l a c e  i n  t h e  e a r l y ,  middle o r  l a t t e r  p o r t i o n s  of t h e  planning per iod .  

For communities t h a t  experience a f a i r l y  low r a t e  of growth (0 t o  20%) dur ing  t h e  

20-year planning per iod ,  i t  i s  gene ra l ly  more. d e s i r a b l e  t o  cons t ruc t  sufficient 

capac i ty  i n i t i a l l y  t o  handle t h e  a n t i c i p a t e d  growth r a t h e r  than  t o  a t tempt  

small  s c a l e  expansions of t h e  c e n t r a l  p l a n t .  Moderate r a t e s  of growth (20 t o  



50%) can g e n e r a l l y  be handled by minor expansions t o  t h e  c e n t r a l  f a c i l i t i e s  

dur ing  the  20-year. planning per iod  . Minor expansions a t  the  c e n t r a l  f  a c i l i -  

t i e s  would inc lude  such i tems a s  providing l a r g e r  pump motors,  changing pump 

impe l l e r s ,  adding a  new hea t  exchanger,  o r  a  new pump i n  space t h a t  had been 

provided d u r i n g . t h e  i n i t i a l  des ign  and construct ion.  The i n i t i a l  design and 

l ayou t  o f t h e  c e n t r a l  f a c i l i t y  p l a n t  would have made p rov i s ions  f o r  t hese  minor 

expansions and, hence, major cons t ruc t ion  of expensive s t r u c t u r e s  o r  bu i ld ings ,  

would not  be requi red .  

6.3.3 PHASING TO' HANDLE HIGH GROWTH SITUATION . . 

I n  t h i s  d i scuss ion  a  h igh  r a t e  of growth i s  def ined  as an  inc rease  i n  

capac i ty  of  more than  50% o v e r t h e  i n i t i a l  capac i ty  t h a t  i s  requi red .  Hence, 

i f  a  system i n i t i a l l y  serves.  1 , ~ 0 0  r e s i d e n t i a l  customers,  by t h e  end of t h e  

p lanning  p e r i o d  t h e  number of customers s e w e d  w i l l  have increased  t o  more 

than 1,500 customers.  For communities t h a t  exper ience  a  h igh  r a t e  of growth, . 

t h e  c e n t r a l  p l a n t  f a c i l i t i e s  may have t o  be expanded a s  much a s  200 t o  300% 

over t h e i r  o r i g i n a l  capac i ty  dur ing  t h e  20-year planning period.  I n  s i t u a t i o n s  
. . 

such as t h i s ,  t h e r e  a r e  s e v e r a l  reasons  t h a t  i t  i s  usua l ly  d e s i r a b l e  t o  cons t ruc t  

t h e  t o t a l  capac i ty  needed a t  t h e  c e n t r a l  p l a n t  i n  s e v e r a l  s t a g e s  over t h e  20- 

year  planning per iod .  Because of t h e  inaccu rac i e s  involved wi th  growth pro- 

j . ec t ions ,  i t  would be ve ry  r i s k y  t o  cons t ruc t  t he  t o t a l  capac i ty  requi red  i n  

t h e  i n i t i a l  s t a g e  of cons t ruc t ion .  From a  monetary s t andpo in t ,  i t  i s  n o t  

d e s i r a b l e  t o  spend l a r g e  sums of money t o  c o n s t r u c t  excess  capac i ty  a t  t he  

' c e n t r a l  f a c i l i t y  t h a t  w i l l  n o t  be needed u n t i l  much l a t e r  i n  t h e  planning 

per iod .  It i s  more d e s i r a b l e  t o  postpone major c a p i t a l  expendi tures  u n t i l  

l a t e r  i n  t h e  planning per iod  i f  poss ib l e .  However, i t  should be pointed out  

t h a t  t h e  monetary b e n e f i t s  of a  program of phased expansion have been o f f s e t  

cons iderably  i n  r e c e n t  yea r s  by the  r i s i n g  c o s t s  of cons t ruc t ion  due t o  i n -  

f l a t i o n .  



For communities t h a t  a r e  expected t o  experience a  h igh  r a t e  of growth 

during the  planning per iod ,  t h e  c e n t r a l  p l a n t  and r e l a t e d  f a c i l i t % e s  ,would 

be designed and cons t ruc ted  t o  provide s u f f i c i e n t  c a p a c i t y . f o r  t he  f i r s t  

f i v e  t o  t e n  yea r s  wi th  one o r  two planned expansions t o  provide the  t o t a l  

capac i ty  needed a t  t h e  end of .the 20-year plann5ng period.  The design .and 
I 

l ayout  of t h e  i n i t i a l '  f a c i l i t y  cons t ruc t ion  would t ake  i n t o  cons ide ra t ion  t h e  

f u t u r e  expansions t h a t  a r e  proposed and t o  t h e  maxlmum e x t e n t  p o s s i b l e  t he  

i n i t i a l  design and cons t ruc t ion  would a t tempt  t o  minimize t h e  c o s t  of f .uture 

. expansion. 

6.4 DISTRIBUTION AND RETURN SYSTEM 

. 6 . 4 . 1  INITIAL DESIGN AND SIZING 

The d i s t r i b u t i o n  and r e t u r n  system f o r  a  Heat Pump Centered-Integrated 

Community Energy System w i l l  c o n s i s t  of p re s su re  d i s t r i b u t i o n  mains very  s i m i -  

l a r  t o  a  water  system and e i t h e r  a c losed  loop,  p r e s s u r e  r e t u r n  syseem o r  a  

g r a v i t y  r e t u r n  system u t i l i z i n g  t h e  e x i s t i n g  sewer system. I n  a d d i t i o n  t o  t h e  

d i s t r i b u t i o n  and r e t u r n  system, o t h e r  r e l a t e d  f a c i l i t i e s  i nc lude  t h e  high 

p re s su re  pumps and s t o r a g e  r e s e r v o i r s  t h a t  w i l l  be requi red .  There a r e  

s e v e r a l  c h a r a c t e r i s t i c s  about t h e  design and cons t ruc t ion  of water  and sewer 

l i n e s  t h a t  i n f luence  t h e  manner i n  which d i s t r i b u t i o n  and r e t u r n  systems w i l l  

be cons t ruc ted  and expanded. F i r s t  of a l l ,  water and sewer lines gene ra l ly  

have a  u s e f u l  l i f e  of from 40 t o  50 yea r s .  Second, a  major p o r t i o n  of t h e  cost' 

of cons t ruc t ing  water and sewer l i n e s  i s  no t  f o r  . the p ipe  and m a t e r i a l  involved,  

. . ' bu t  f o r  'the .manpower and equipment requi red  i n  t h e . c o n s t r u c t i o n  process .  'Hence, 

:the' mo.st economical way t o  provide a d d i t i o n a l  capac i ty  i s  gene ra l ly  t o  c o n s t r u c t  

a  l a r g e r  l.5ne : i n i t i a l l y  ra t .her  than  a. p a r a l l e l  l i n e  a t  a  l a t e r  da t e .  

6.4.2 'INITIAL CONSTRUCTION PHASING 

:Since -con:s.truction of t he  d i s t r i b u t i o n  system may r e q u i r e  from. 12 t o  36 

'months o r  mo:re, a phased approach t o  cons t ruc t ion  may be des , i rab le .  .The 
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d i s t r i b u t i o n  system would be d iv ided  i n t o  operable  segments each of which 

could be placed i n t o  ope ra t ion  upon completion. This  procedure would el iminat  

t h e  need f o r  t h e  t o t a l  cons t ruc t ion  t o  be complete be fo re  t h e  system w a s  placed 

i n t o  opera t ion .  

6.4 .3  PHASING TO HANDLE LOW TO MODERATE GROWTH SITUATION 

O n c e i t  has  been determined which a r e a s o f  t h e  community a r e  t o  be served 

by t h e  HP-ICES, a  s tudy  should be made t o  determine which po r t ions  of t h e  .d i s -  

t r i b u t i o n  and r e t u r n  sys t em.wi l1  be cons t ruc ted  immediately and which po r t ions  

, w i l l  be cons t ruc t ed  l a t e r  i n  t h e  planning period.  For those  communities t h a t  

a r e  expected '  t o  exper ience  low t o  mdderate growth, t h e  e n t i r e  d i s t r i b u t i o n  and 

r e t u r n  system' may be cons t ruc t ed  i n i t i a l l y .  When t h e  d i s t r i b u t i o n  and r e t u r n  

sys  tem is cons t ruc t ed  f o r  a  p a r t i c u l a r  geographica l  . a r ea ,  t h e  d i s t r i b u t i o n  and 

r e t u r n  mains a r e  s i z e d  t o  handle t h e  a n t i c i p a t e d  growth t h a t  w i l l ' o c c u r  i n  t h a t  

geographical  a r e a  dur ing  t h e  planning per iod .  This  means t h a t  i f  a  subdiv is ion  

has  homes cons t ruc t ed  on 70% of t h e  l o t s ,  then the  d i s t r i b u t i o n  and r e t u r n  

system w i l l  be. s i z e d  t o  handle t h e  e x i s t i n g  homes and a l s o  a n t i c i p a t e d  homes 

t o  be cons t ruc ted  on t h e  remaining l o t s  i n  t h e  subdiv is ion .  I n  most ca ses ,  

low t o  moderate r a t e s  of growth can be accommodated wi th in  t h e  geographical  

a r e a  of t h e  i n i t i a l  d i s t r i b u t i o n  and r e t u r n  system cons t ruc t ion  and new cus- 

t omerscanbe  served  by merely connect ing onto t h e  d i s t r i b u t i o n  and r e t u r n  

system. I n  o t h e r  cases, minor e x t e n s i o n s , o f  t h e  d i s t r i b u t i o n  and r e t u r n  

system may be s u f f i c i e n t  t o  s e r v e  new a r e a s  of growth no t  served by t h e  

o r i g i n a l  system. 

6.4 .4  PHASING TO HANDLE' HIGH GROWTH SITUATION.. 

As previous ly  mentioned, a  h igh  r a t e  of growth i s  def ined  he re  a s  an 

inc rease  of 50% o r  more i n  the  number of customers served i n i t i a l l y  by the  

system and may, i n  some cases ,  be an increas 'e  of 200 t o  300% over t h e  i n i t i a l  



s i z e  of t h e  system..  For a community t h a t  exper iences  a h igh  r a t e  of growth, 

some of t h i s  growth w i l l  o ccu r  on undeveloped land t h a t  has  a l r eady  been served 

by t h e  o r i g i n a l  d i s t r i b u t i o n  and r e t u r n  system. However, f o r  communities t h a t  . . 

experience very  high r a t e s  of growth, i t  i s  l i k e l y  t h a t  s i g n i f i c a n t  r e s i d e n t i a l  
.. . - . . . ., . 

. and commercial development w i l l  occur i n  a r e a s  t h a t  have 'been p rev ious ly  un- 

developed, bu t  adjacent.  t o  the community. I n  such s i t u a t i o n s ,  completely new 

d i s t r i b u t i o n  and r e t u r n  systems must be cons t ruc ted  a s  t hese  a r e a s  develop. 

An advantage t o  new r e s i d e n t i a l  and commercial development i s  t h a t  a d i s t r i -  

bu t ion  and r e t u r n  system can be cons t ruc ted  more economically i f  i t  i s  planned 

and cons t ruc ted  a s  a p a r t  of t h e  i n i t i a l  development, a s  opposed t o  being 

cons t ruc ted  a f t e r  t h e  s t r e e t s  and o t h e r  u t i l i t i e s  have been cons t ruc ted .  

I n  o rde r  t o  s e rve  new a r e a s  t h a t  a r e  expected t o  develop dur ing  t h e  planning 

per iod ,  i t  may be necessary  t o  c o n s t r u c t  new t ransmiss ion  t runk  l i n e s  from the  

c e n t r a l  p l a n t  f a c i l i t y  t o  t he  f a c i l i t y  of t h e  devesoping a rea .  I n  some cases  

t h e s e  new l i n e s  may p a r a l l e l  t runk  l i n e s  t h a t  were b u i l t  i n i t i a l l y .  I n  o t h e r  

c a s e s  i t ' m a y  be more economical t o  c o n s t r u c t  l a r g e r  mains i n i t i a l l y  t o  handle 

t he  l a t e r  growth i n  o rde r  t o  avoid t h e  expense of cons t ruc t ing  a p a r a l l e l  l i n e  

a t  a l a t e r  time. . . 
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7.0 IDENTIFIED VARIATIONS 

7.1 INTRODUCTION 

I n  any system t h a t  u t i l i z e s  t h e  number of s e p a r a t e  components t h a t  

a r e  requi red  i n  t h e  HP-WHR system, t h e  p o s s i b i l i t i e s  f o r  component v a r i a t i o n  
- * 

and system mutat ion become v i r t u a l l y  unl imi ted .  However, s e v e r a l  a r e a s  of 

system des ign  show promise f o r  performance and/or system economics improve- 

ment through innovat ive  systems engineering.  These a r e a s  inc lude :  possi-  

b i l i t i e s  of ,  u t i l i z i n g  o t h e r  sources  of thermal energy, component s e l e c t i o n  

and s p e c i f i c a t i o n  from t h e  ex tens ive  v a r i e t i e s  of a v a i l a b l e  equipment, and 
. . 

v a r i a t i o n s  i n  system des ign  and u t i l i z a t i o n .  Severa l  of t h e  obvious v a r i -  

a t i o n s  ' i n  each category a r e  d iscussed  i n  t h e  s e c t i o n s  t h a t  fol low.  

7'. 2 THERMAL ENERGY SOURCES 

While i t  is  expected t h a t  t h e  most promising and most e a s i l y  a c c e s s i b l e  

source of low-grade thermal energy w i l l  be  a  community's wastewater ' e f f l u e n t ,  

a  s i t e - s p e c i f i c  energy r e source  inventory  may d i c t a t e  t h a t  o t h e r  sources  be 

considered.  Other promising a l t e r n a t i v e s  i nc lude  s o l a r  energy, waste  h e a t  

f r o m - i n d u s t r i a l  p rocesses  (such as power gene ra t ion ) ,  waste  h e a t  recovery 

through s d l i d  (o r  gaseous) waste i n c i n e r a t i o n ,  o r  composite energy sources.  

. . 'So lar  technology has produced a c t i v e  s o l a r  energy c o ~ l e c t o r s ,  such a s  

t he  General E l e c t r i c  nibdel TC-100, t h a t  a r e  proving e f f e c t i v e  i n  harness ing  

s o l a r  thermal energy. Another workable v a r i a t i o n  of co l l ec to r - type  i s  the  

s o l a r  pond c o l l e c t o r  'design.  This  c o l l e c t o r  v a r i a t i o n  may prove economic 

and advantageous when l a r g e  demand is  placed on the  HP-ICES system and 

when l a r g e  l and  a r e a s  are a v a i l a b l e  f o r  s i t i n g  t h e  .Cent ra l  S t a t i o n .  The 

p r i n c i p a l  advantage t o  u t i l i z i n g  s o l a r  energy a s  t he  primary energy source  

i n  an  .BP-ICES scheme is  harness ing  a  prev ious ly  untapped, u n i v e r s a l l y  

a v a i l a b l e  thermal energy source.  There a r e  s e v e r a l  major disadvantages,  



however, t o  u t i l i z i n g  s o l a r  energy i n  t h i s  scheme ( a t  i e a s t  as t h e  primary 

energy sou rce ) .  F i r s t  a r e  t he  t y p i c a l  disadvantages a s soc i a t ed  wi th  a c t i v e  

s o l a r  systems - s i z e  and c o s t .  A c e n t r a l  s o l a r  f a c i l i t y  proposed f o r  a m i  l d l e  

Georgia l o c a t i o n  . r equ i r ed  3323 f t . 2  of s o l a r  c o l l e c t o r s  a t  an  estimated 

system c o s t  of $246,298 t o  supply t h e  space hea t ing  and cool ing  needs f o r  

1 5  houses (955 n e t  (heated)  f t . average) .  . A second major disadvantage t o  

u t i l i z i n g  s o l a r  energy i s  t h a t  a backup thermal energy source must be  

-suppl ied f o r  pe r iods  when s o l a r  energy is no; a v a i l a b l e .  The t h i r d  d i s -  

advantage i s  t h a t  a n  a d d i t i o n a 1 , i n t e r f a c e  Zs r equ i r ed  between t h e  thermal 

source  and t h e  C e n t r a l  S t a t i o n  h e a t  pump equipment. 

Waste h e a t  r e j e c t e d  from i n d u s t r i a l  p rocesses  may be reclaimed i n  

e s s e n t i a l l y  t h e  same manner a s  from community wastewater.  Depending upon :/ 

t he  process  and t h e  l o c a t i o n  of t h e  indus t ry  i n  r e l a t i o n  t o  t h e  community, 

,low-grade thermal energy may be a v a i l a b l e  i n  amounts s i g n i f i c a n t  enough t o  

warrant  a modular sy&tem wi th  s e v e r a l  c e n t r a l  s t a t i o n  i n s t a l l a t i o n s .  A 

c e n t r a l  s t a t i o n  co-located on t h e  s i t e  of a u t i l i t y  power p l a n t ' a n d  e x t r a c t -  

i n g  thermal energy from t h e  condenser c i r c u l a t i n g  water is an  a t t r a c t i v e  

o p t i o n  a s  a n  a l t e r n a t i v e  energy source.  The advantages a r e  similar t o  those  

of t h e  wastewater h e a t  recovery opt ion;  i . e .  u t i l i z i n g  a prev ious ly  untapped 

source  of (low-grade) thermal energy a t  afi e a s i l y  a c c e s s i b l e  l o c a t i o n .  An 

a d d i t i o n a l  advantage is  t h a t ,  as t h e  hourly demand on t h e  HP-ICES from 

t h e  i n d u s t r i a l  sec tors ,  i nc reases ,  a p ropor t iona l  i n c r e a s e  i n  thermal energy 

r e j  e c t e d  from t h e  i n d u s t r i a l  processes  becomes a v a i l a b l e .  T h i s  i nhe ren t  

demand-tracking supply w i l l  s imp l i fy  somewhat t h e  load  balance of an  HP-ICES. 

A t h i r d  major energy source  f o r  cons ide ra t ion  is  the  h e a t  of combustion 

from va r ious  waste  m a t e r i a l s .  One o r  s e v e r a l  waste-heat-type b o i l e r s  



could be u t i l i z e d .  i n  t h e  system t o  reclaim heat  i n  the  form of t r a s h  

(deposited a t  s a n i t a r y  l a n d f i l l s ) ,  wood scraps  (avai lable  a s  waste from 

various wood processing opera t idns)  , o r  combus t i b i e  gasses (generated a s  

by-products i n  c e r t a i n  processes) .  For example, methane gas i s  typ ica l ly  
. . ,,- 

generated i n  anaerobic sludge d iges t ing  processes a t  sewage treatment p l a n t s  

and i s  someti.mes u t i l i z e d  a s . a n  a u x i l i a r y  f u e l  i n  the  d iges to r  heat ing  

furnaces. The p r i n c i p a l  advantage of these  sources is t h a t  the  primary 
' 

fue l s ,  where ava i l ab le ,  would be  very inexpensive. However, seve ra l  major 

disadvantages weigh aga ins t  u t i l i z i n g  combustion hea t  a s  a primary thermal 

energy source. Fkrs t ,  t he  f u e l s  t h a t  a r e  ava i l ab le  i n  bulk ( t r a sh ,  wood 

scraps)  would requ i re  t r anspor ta t ion  and prepara t ion  before f i r i n g  i n  the  

heat  reclaim b o i l e r .  Secondly, the  add i t iona l  f i r s t  c o s t  of the  heat  reclaim 

b o i l e r ( s )  would extend the  payback period of t h e  i n i t i a l  i n s t a l l a t i o n  of 

' the c e n t r a l  s t a t i e n  and make i t  l e s s  a t t r a c t i v e  economically. F ina l ly ,  . the  

a d d i t i o n a l . i n t e r f a c e  ( the  heat  recovery b o i l e r )  between the  thermal source 

and the  c e n t r a l  s t a t i o n  equipment i s  again required.  

Depending on a s i te -speci f  i c  . inventory of ava i l ab le  resources,  a 

composite thermal-source ICES may prove economically f e a s i b l e  and energy 

e f fec t ive .  The bas ic  design of the  o v e r a l l  system, d e t a i l e d  i n  Chapter 

1, can bc adapted very eas i ly  t o  multi-thermal source form. An evaluat ion  

of the  f e a s i b i l i t y  sf  u t i l i z i n g  one o r  more of the  above mentioned sources 

w i l l  depend on the  p a r t i c u l a r  needs, c h a r a c t e r i s t i c s ,  and resource in-  

ven to r i e s  a t  each s i te  of appl ica t ion .  For .a hypothet ica l  example, though, 

l e t ' u s  consider  a community with a sewage treatment p l a n t , o f  l imi ted  

capacity.  The e n t i r e  thermal demand on. the HP-ICES may no t  be supplied 

by the  wastewater .ef f luent .  However, the  primary energy source may be 



supplemented wi th  a f i e l d  of s o l a r  c o l l e c t o r s  t h a t  could be expected t o  
. . 

supp1y.a  c e r t a i n  percentage  of  t h e  thermal  load  (optimized w i t h  regard  t o  

s i z e  and c o s t s ) . .  Also a v a i l a b l e  f o r  peak demand pe r iods  o r  a s  a  back-up . . 

thermal sou rce  f o r  t h e  s o l a r  segment of  t h e  thermal supply would be a  

l i m i t e d  supply of methane gas from t h e  t rea tment  p l a n t ' s  anaerobic  s ludge  

, ' d i g e s t i o n  system, t o  be converted i n  a  smal l  hea t - rec la im b o i l e r .  I n  

a d d i t i o n ,  a  second l a r g e - s c a l e  s o l i d  waste  u t i l i z a t i o n - t y p e  b o i l e r  could 

be  incorpora ted  f n r  trash i n c i n e r a t i o n  (trash thaL wuuld normally b e  

d i spo ' sed .of  a t  a  s a n i t a r y  l a n d f i l l  t y p i c a l l y  1,ocated a t  o r  nea r  t h e  sewage 

t rea tment  £ a c i l i t y ) .  S.uch a  system would provide a  s i t e - e f f i c i e n t  composite 

thermal sou rce  ' f o r  t h e  HP-ICES, opt imized , f o r '  t h e  p a r t i c u l a r  energy supp l i e s  

and demands of t h e  community. F igure  7-1 d e t a i l s  one ' p o s s i b l e  con f igu ra t i on  

of ' such a n  i n s t a l l a t i o n .  

SUMMARY 

It .is a n t i c i p a t L d  t h a t  t h e  most promising source  of thermal  energy 

w i l l  be t h e  low-grade h e a t  a v a i l a b l e  i n  the' community's wastewater e f f l u e n t  . 
However, t h e r e  i s  t h e  p o s s i b i l i t y  of  augmenting t h e  primary energy source  

, . 

with  any combination of t h e  o t h e r  a l t e r n a t i v e  sources .  The o v e r a l l  con- 

s i d e r a t i o n  i s  t h a t  enough thermal  energy must be a v a i l a b l e ,  through any 

combination of sou rces ,  t o  provide t h e  community, o r  p o r t i o n s  of i t ,  wi th  

a  cont inuous,  c o n s i s t e n t ,  and r e l i a b l e  thermal s e r v i c e ,  v i a i t h e  HP-ICES. 

For each p a r t i c u l a r  s i t e  of a p p l i c a t i o n ,  an energy r e sou rce  inventory  must 

be performed accord ing  t o  t h e  F i r s t  and Second laws of ~hermodynamics and 
$ .. 

t h e  procedures  of " A v a i l a b i l i t y  Analysis"  (References 34 and 35) .  

7 .3  COMPONENTS 

System d e t a i l  des ign  and component s p e c i f i c a t i o n  i s  o f t e n  a  headache 

because of t he  wide v a r i e t y  and q u a l i t y , o f  components on t h e  market.  





However, t h i s  same v a r i e t y  provides  t h e  engineer  wi th  ex t ens ive  oppor tuni ty  

t o  improve system performance through jud ic ious  component s e l e c t i o n  and 

innovat ive ,  subsys tem design.  . . 

. The most obv ious ' cand ida t e  f o r  component v a r i a t i o n  is  t h e  h e a t  pump, 

e i t h e r  t h e  Cen t r a l  S t a t i o n  pump o r  t h e  end-user pump. The most widely 

a v a i l a b l e  Cen t r a l  S t a t i o n  equipment is  based on f a i r l y  s tandard  des ign  

w i t h  v a r i a t i o n s  mainly i n  compressor design.  (The most popular compressor 

des igns  a r e c e n t r i f u g a l ,  r ec ip roca t ing ,  and screw-type.) Avai lab le  water  

source  h e a t  pumps ( f o r  r e s i d e n t i a l  use)  a r e  even more similar. While most 

pumps employ e l e c t r i c  induct ion  motors t o  d r i v e  t h e  Rankine c y c l e  compressor, 

t h e r e  a r e  obviously o t h e r  means of providing power t o  t he  compressor. 

Innovat ions i n  t h e  f i e l d  of thermal engine h e a t  pumps.' inc lude  s e v e r a l  com- 

p o s i t e  h e a t  pump cyc le s .  S t i r l i n g  - Rankine, Rankine - Rankine, Brayton - 

 ank kine, Otto - Rankine, and t h e  Er icsson  - Ericsson.   i is cuss ion of each 

of t hese  c y c l e s  a r e  found i n  Reference lo'.) Refinement of t h e  devices  based 

on these  c y c l e s  promises t o  make them compet i t ive ,  both performance-wise 

and cost-wise,  w i t h  equipment now a v a i l a b l e . .  

The d i s t r i b u t i o n  system w i l l  b e  designed according t o  s tandard  water  
. 

d i s t r i b u t i o n  system des ign  p r a c t i c e .  ~ o w e b e r  , t h e r e  is cons iderable  l a t i -  

tude  l e f t  f o r  t h e  des ign  engineer  i n  t h e  s p e c i f i c a t i o n  of t h e  p ip ing  mate- 

r i a l s  t o  be  used. There may be s i g n i f i c a n t  advantages t o  u t i l i z i n g  t h e  

new pip ing  systems based on p l a s t i c s  such a s  $olyvinyl  kh lo r ide  (PVC) o r  

h igh  d e n s i t y  polyethylene.  Advantages' t h a t  a r e  immediately obvious a r e  

reduct ions  i n  m a t e r i a l s  c o s t s ,  lower c o e f f i c i e n t  of thermal conduct iv i ty  

of t h e  m a t e r i a l ,  and ease  of i n s  t a l l a t i o n  of t h e  i n t e g r a t e d  design p ip ing  

systems. 

Water q u a l i t y  of t he  thermal energy source /s ink ,  i . e .  wastewater,  



may cause proble& t h a t  could be remedied by jud ic ious  component s e l e c t i o n .  

The increased  f o u l i n g  f a c t o r  of t h e  water  t o  be c i r c u l a t e d  through t h e  

Cent ra l  S t a t i o n  equipment h e a t  exchanger may d i c t a t e  one of s e v e r a l  op t ions .  

Option one is  the  s tandard  HVAC des ign  technique of spec i fy ing  a  l a r g e r  

. s ize  h e a t  exchanger t o  accomodate t h e  increased  r e s i s t a n c e  t o  h e a t  t r a n s f e r  

con t r ibu ted  by t h e  h igh  fou l ing  f a c t o r  of t h e  c i r c u l a t e d  wastewater.  Option 

two would be t h e  s p e c i f i c a t i o n  of a  p la te - type  h e a t  exchanger which would 

al low easy disassembly and c leaning  and thus  a  speedy turnaround t i m e  . for  
. . 

scheduled maintenance. Option t h r e e  would be  t h e  s p e c i f i c a t i o n  of a  

mechanical c leaning  system f o r  t h e  h e a t  exchanger such a s  reverse-flow 

ac tua t ed  brush scrubbers  o r  a  continuous c y c l e  s p h e r i c a l  rubber scrubber  

system such a s  an'Amertap.. Which, i f  any, of t h e  above op t ions  should 

be s e l e c t e d  w i l l  depend on t h e  q u a l i t y  of c i r c u l a t e d  water  a t  each s p e c i f i c  

s i te . .  Genera1 ,guide l ines  covering expected wastewater fou l ing  f a c t o r s  and 

the  corresponding appropr i a t e  subsystem modif ica t ions  may be developed i n  

t he  component . tes t ing  program o u t l i n e d  i n  Chapter 8. However, t h e  f i n a l  

.judgement i s  b e s t  l e f t  t o  t h e  system engineer  performing t h e  d e t a i l  des ign  

and component s p e c i f i c a t i o n .  

, . 7.4- SYSTEM VARIATION 

. . 
The basic IIeat Pump Wactewafar Heat  Recovery (W-WHR) system concept 

l ends  i t s e l f  n i c e l y  t o  v a r i a t i o n s .  w i th in  t h e  system o r  even t q  v a r i a t i o n s  

, . i n  the  wt i l i za . t i on  of t he  end-produdt thermal s e r v i c e .  

One p a r t i c u l a r  v a r i a t i o n  t h a t  shows promise i s  t h e  a d d i t i o n  t o  t he  

system of an  evapora t ive , coo l ing  component (cool ing tower),. I n s t ead  of 

s a c r i f i c i n g  the  power necessary t o  r e j e c t  h e a t  t o  t h e  wastewater h e a t  s i n k  

through the  c e n t r a l  s t a t i o n  h e a t  pump, t h e  community c i r c u l a t i n g  water  could 

be cooled by means of a  mechanical d r a f t  cool ing  tower. Some s a c r i f i c e  



would be necessary  i n  t he  form of purnp.and f a n  horsepower, bu t  i t  is  expected 

t h a t  the  combined ope ra t ing  and maintenance c o s t s  of tlie cool ing  tower 

dur ing  t h e  cool ing  season would be l e s s  than those  a s sqc i a t ed  wi th  running 

t h e  c e n t r a l  s t a t i o n  equipment. Also, i f  necessary o r  advantageous, t he  

d i s t r i b u t i o n  system could be  segmented wi th  s e v e r a l  cool ing  towers l oca t ed  

throughout t h e  community t o  handle cool ing  of t he  ~ i r c ~ l a t i n g  medium. 

Another v a r i a t i o n  t h a t  may be  considered is  t h e  c l a r i f i e d  Wastewater 

system. This  system involves  u t i l i z i n g  an open d i s t r i b u t i o n  loop t o  d e l i v e r  

t h e  reclaimed thermal  energy. Del ivery of thema1 energy t o  t h e  end-11se.r 

i s  accomplished by u t i l i z i n g  p a r t i a l l y  c l a r i f i e d  wastewater a s  t h e  t r a n s p o r t  

medium i n  a  one p i p e  d i s t r i b u t i o n  network. However, s e v e r a l  major disad-  

vantages may e l i m i n a t e  t h i s  v a r i a t i o n  from cons ide ra t ion .  

F i r s t ,  t h e  demand f o r  thermal energy i n  t h e  hea t ing  mode w i l l  tend t o  

co inc ide  w i t h  t h e  morning peak of wastewater e f f l u e n t  flow. Wastewater flow 

t y p i c a l l y  i s  on a 24-hour c y c l e  w i t h  t h e  major peak a t  mid-morning (9:OO - 

ll:.OOam) and a  second, l e s s e r  peak a t  l a t e  a f te rnoon.  Peak thermal demand 

t y p i c a l l y  is  ea r ly - to  mid-morning due t o  t he  e a r l y  morning hea t ing  load 

and cold s t a r t -up  of many bus inesses  and i n d u s t r i a l  processes .  This  coin- 

c i d e n t a l  peak may pose s e r i o u s  hydrau l i c  overloads on e x i s t i n g  sewage - 

c o l l e c t i o n  systems where thermal media flow a t  peak condi t ions  might be  a  
' 

l a r g e  percentage of t h e  normal wastewater flow. No gene ra l  r u l e  is  app l i cab le  

s i n c e  hydraul ic  l oad ing  of e x i s t i n g  sewer systems i s  dependent on the  s p e c i f i c  

a p p l i c a t i o n  and w i l l  change wi th  a number of v a r i a b l e s  such a s  sewer age 
? 

z .  

and l o c a t i o n  i n  t h e  sewage c o l l e c t i o n  network. 

Another s e r i o u s  .problem is  t h e  impurity and b a c t e r i o l o g i c a l  conten t  of 

t h e  c l a r i f i e d  e f f l u e n t .  Severe fou l ing  of h e a t  t r a n s f e r  s u r f a c e s  i s  pro- 

bable  due t o  the high suspended s o l i d s  (BOD) conten t  of t h e  e f f l u e n t .  A 



r e l a t i v e l y  s e r i o u s  pub l i c  h e a l t h  hazard might a l s o  be introduced by acc iden ta l  

leakage of t he  contaminated e f f l u e n t .  
i 

One f u r t h e r  de t r imen ta l  e f f e c t  t h e  c l a r i f i e d  wastewater system would 

impose when the t r a n s p o r t  medium is  re turned  t o  t h e  s a n i t a r y  sewer system 
. . .  

would be  t o  l e s s e n  the  o v e r a l l  thermal q u a l i t y  of t h e  primary h e a t  source  

by lowering i t s  temperature.  The amount of a v a i l a b l e  thermal energy would 

be decreased by the  mixing process .  

Even wi th  a l l  t he  drawbacks aforementioned, t h e  c l a r i f i e d  wastewater 

concept may be v i a b l e  i n  s p e c i f i c  i n s t ances  and should n o t  be wholly d i s -  

carded without  cons idera t ion .  I n  genera l  a p p l i c a t i o n ,  however, i t  would 

seem t h a t  the.scheme poses an  unacceptable  number of problems which r e q u i r e  

spec i a l i zed  s o l u t i o n s .  It i s  doubt fu l  t h a t  t he  d i s t r i b u t i o n  system c o s t  

advantage can outweigh t h e  p e n a l t i e s .  

A t h i r d  system v a r i a t i o n  (p i c tu red  i n  F igure  7-2), perhaps t h e  most 

promising, proposes t o  supply t h e  thermal s e r v i c e s  i n  a form s u i t a b l e  f o r  

use s t r i c t l y  i n  i n d u s t r i a l  processes ,  and t o  u t i l i z e  wastewater t r e a t e d  and 

condit ioned f o r  i n d u s t r i a l  re-use as t h e ' t h e r m a l  energy d i s t r i b u t i o n  medium. 

(This l a t t e r  p rov i s ion  i n  t h e  HP-WHR system v a r i a t i o n  is becoming more and 

more a t t r a c t i v e  as c u r r e n t  Environmental P r o t e c t i o n  ~ g e n c y . 2 0 1  F a c i l i t i e s  

Erudicc require an c v n l ~ ~ n t i n n  of the  feasibility of re-using a l l  o r  po r t ions  

of t he  wastewater t r e a t e d  a t  sewage t reatment  f a c i l i t i e s .  I n d u s t r i a l  

re-use of t r e a t e d  wastewater is  a l o g i c a l  f i r s t - s t e p  i n  impl'einenting water  

re-use technology.) A s  shown i n  F igure  7-2, an  open d i s t r i b u t i o n  system 

is  proposed. However, s i n c e  the  amounts .of water  condit ioned by t h i s  

system w i l l  d i r e c t l y  d i s p l a c e  t h e  amounts of (make-up) water  discharged 

through i n d u s t r i a l  processes ,  t h e  danger of hydrau l i c ly  overloading e x i s t -  

i ng  wastewater c o l l e c t i o n  systems is  avoided. Also, t h e  load  ba lance  on 



FIGURE 7 - 2  . 



a  system appl ied  i n  t h i s  manner would be  g r e a t l y  s i m p l i f i e d  s i n c e  t h e  

thermal demand -placed on the  system would d i r e c t l y  co inc ide  wi th  the  supply 

of a v a i l a b l e  energy r e j e c t e d  through t h e  i n d u s t r i a l  processes .  This over- 

a l l  system concept i s  e s p e c i a l l y  a t t r a c t i v e  t o  i n d u s t r i a l  communities 

r equ i r ing  l a r g e  q u a n t i t i e s  of h igh  temperature water  f o r  any nymber of 

proeess uses. 

7.5 SUMMARY 

The energy source,  component, and system v a r i a t i o n s  d iscussed  i n  t h e  

preceeding s e c t i o n s  j u s t  begin t o  address  t he  p o s s i b i l i t i e s .  The b a s i c  

HP-WHR system concept is  f l e x i b l e  enough t o  a l low easy adap ta t ion  t o  a  

number of d i f f e r e n t  a p p l i c a t i o n s .  Technical ly  speaking,  t he  p o s s i b i l i t i e s  

a r e  l i m i t e d  only by the  ingenui ty  of t h e  design engineer .  





8.0 SITE-SPECIFIC FEASIBILITY STUDY FOR CONYERS, GEORGIA 

8 . 1  INTKODUCTION 

The preceeding chap te r s  have d e t a i l e d  t h e  development of t h e  Heat Pump 

Wastewater Heat.Recovery (HP-WHR) system concept .  Thermodynamic and economic 

ana lyses  on a h y p o t h e t i c a l  system seem t o  i n d i c a t e  t h e  system would be compe- 

t i t i v e ,  both performance-wise and cost-wise,  w i th  t h e  o t h e r  more s tandard  

op t ions  f o r  space condi t ion ing .  However, such ana lyses  and p r o j e c t i o n s  a r e  

n e c e s s a r i l y  based on a s e t  of assumptions which may o r  may n o t  be v a l i d  f o r  

a p a r t i c u l a r  s i t e  of a p p l i c a t i o n .  Therefore ,  i n  o rde r  t o  determine t h e  e f f ec -  

t i venes s  of such an  HP-WHR system on t h e  community ' level ,  a s i t e - s p e c i f i c  exam- 

i n a t i o n  must be performed. 

Chapters 8 .0  and 9.0 of t h i s  r e p o r t  develop t h e  methodology, v i a  ca se  

s t u d i e s  of two a p p l i c a t i o n  communities, of examining t h e  HP-WHR concept on a 

community b a s i s  and v a l i d a t e  t h e  f e a s i b i l i t y  of t h e  concept on the.community 

l e v e l .  The two a p p l i c a t i o n  communities, Conyers, Georgia and Corne l ia ,  Georgia 

(shown.on t h e  fol lowing l o c a t i o n  map), were s e l e c t e d  f o r  t h e i r  v a r i e t i e s  of 

community c h a r a c t e r i s t i c s  and con f igu ra t i ons  which would a f f e c t  t h e  a p p l i c a t i o n  

o f . a n  HP-WHR system. The a p p l i c a t i o n s  of t h e  HP-WHR system concept t o  each of 

t h e  demonstrat ion communities make no te  o i  t he  d l i i e r e n t  community c h a r a c t e r l s -  

t i c s  and t ake  advantage 'o f  them t o  emphasize t h e  wide range of a p p l i c a t i o n  

p o s s i b i 1 i t i . e ~  of t h i s  system concept .  

The C i ty  of Conyers, Georgia, l oca t ed  i n  c l o s e  proximity t o  t h e  metro- 

, p o l i t a n  A t l an t a  a r e a ,  i s  i n  a high growth a r e a  of t h e  s t a t e f o r b o t h  r e s i d e n t i a l  

. . and i n d u s t r i a l  developments. Add i t i ona l ly ,  t h e  segmentation of t h e  sewer system 

i n  Rockdale County ( i n  which Conyers i s  l o c a t e d )  f a c i l i t a t e s  t h e  a p p l i c a t i o n  
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of t h e  HP-WHR system conc.ept t o  a  developing r e s i d e n t i a l  a r e a  i n  c l o s e  proximity 

t o  one of t h e  wastewater t rea tment  p l a n t s  on the  o u t s k i r t s  of t h e  Conyers a r e a .  

.Thus, t h e  oppor tun i ty  t o  examine s t r a t e g i e s  f o r  phasing c o n s t r u c t i o n  i n  h igh  

growth r e s i d e n t i a l  a r e a s ,  i s  presen ted .  

The C i ty  of ~ o r n e l i a ,  l o c a t e d  i n  t h e  mountains of n o r t h e a s t  Georgia i n  

~ a b e r s h a m  County, is  i n  a  low growth a r e a  of t h e  s t a . t e .  'Because of t h e  low 
. . 
. . 

growth r a t e ,  a p p l i c a t i o n  df a n  HP-WHR system t o  Corne-lia w i l l  involve  p r imar i l y  

system r e t r o f i t s  t o  e x i s t i n g  s t r u c t u r e s .  Add i t i ona l ly ,  due t o  t h e  layout  of 

t h e  community and i t s  a t t e n d i n g  sewer system, t h e  primary focus  of t h e  Cornel ia  

system w i l l ' b e  t o  p r o v i d e ' s e r v i c e  t o  customers i n  t h e  commercial ca tegory .  

Serv ice  f o r  .one l a r g e  i n d u s t r i a l  customer i s  a l s o  included i n  t h e  system p lan .  

With t h e  completion of t he se  f e a s i b i l i t y  s t u d i e s ,  t h e  cost-and energy- 

e f f e c t i v e n e s s  and t h e  f l e x i b i l i t y  of a p p l i c a t i o n  of t h e  HP-WHR system concept 

should be success£ u l l y  demonstrated. 

8.2 COMMUNITY DESCRIPTION - CONYERS, GEORGIA 

The Ci ty  of Conyers, Georgia is  loca t ed  i n  t h e  c e n t e r  of Rockdale County 

approximately 22 m i l e s  e a s t  of downtown At l an t a .  The Ci ty  and County a r e  

cons idered .  t o  be w i t h i n  t h e  A t l an t a  Met ropol i tan  a r e a  and have experienced 

s i g n i f i c a n t  commercial and r e s i d e n t i a l  growth a s  a r e s u l t  of the o v e r a l l  

growth t h a t  has  been occu r r ing  w i t h i n  t h e  Met ropol i tan  A t l a n t a  Area. The ' .  

bu i ld ing  of I n t e r s t a t e  Highway 20 through Rockdale County i n  t h e  1960 ' s  

provided a  corlridor of r a p i d  a c c e s s i b i l i t y  t o  A t l an t a  and t o  t h e  later completed 

, I n t e r s t a t e  285 Perimeter  Highway around At l an t a .  A l a r g e  percentage  of t h e  

popula t ion  of ,Conyers  and Rockdale County commute t o  t h e  A t l an t a  a r e a  t o  work. 



8 .2 .1  POPULATION GROWTH 

Popula t ion  i s  a dynamic f a c t o r  i n  t h e  development of a geographical  

e n t i t y  and t h e  Conyers-Rockdale County a r e a  i s  no except ion .  Conyers and 

Rockdale County have experienced s i g n i f i c a n t  growth i n  r e c e n t  yea r s ,  in f luenced  

by t h e i r . l o c a t i o n  w i t h i n  t h e  A t l an t a  Met ropol i tan  Region. The tremendous 

growth of Rockdale County i n  t h e  per iod  of 1960 - 1970, approximately 72%,can 

be a t t r i b u t e d  l a r g e l y  t o  a n  in-migrat ion of  people  caused by A t l a n t a ' s  urban 
, 

sprawl.  Phenomenal r e s i d e n t i a l  development, p r i n c i p a l l y  i n  ehe for111 u1 

, detached,  s ing le - fami ly  dwel l ing  subd iv i s ions ,  has  r e s u l t e d .  I n  a d d i t i o n ,  . . 

i n d u s t r i a l  development i n  ~ o c k d a l e  County has  f l uo r i shed  i n  response t o  t h e  

r a i l r o a d s  and major t r a f f i c  a r t e r i e s  which provide easy a c c e s s  t o  A t l an t a .  

The Ci ty  h a s  a lmost  matched t h e  County's growth r a t e ,  showing an  approximate 

70% i n c r e a s e  i n  popula t ion  du r ing  t h e  1960 - 1970 .pe r iod .  During t h e  f i r s t  6 

y e a r s  of t h i s  decade, t h e  growth r a t e  has  shown no s i g n s  of dec l in ing .  The 

County has e x h i b i t e d '  a 43% growth r a t e  and t h e  C i ty  a 31% growth r a t e ;  d e s p i t e  

t h e  r e c e s s i o n  of 1974 - 1975. Based on t h e  obse rva t ion  of h i s t o r i c a l  popula t ion  

t r e n d s ,  t h e  Conyers-Rockdale County a r e a  is expected t o  cont inue  i t s  r ap id  

r a t e  of growth over  t h e  next  20 years . .  

' 8 . 2 . 2  ECONOMIC CHARACTERISTICS 

Over t h e  l a s t  20 yea r s  t h e  economy of t h e  Conyers-Rockdale County a r e a  

has  ~ h a n g e d ~ f r o m  t h a t  of a s p a r s e l y  populated r u r a l  and farming community,to 

a r a p i d l y  growing suburbarl r e s i d e u t i a l  community w i t h i n  tge Metropol i tan 
. . 

At lan t a  Area. This  change has  caused a s i g n i f i c a n t  decrease  i n  t he  number of 

people  who a r e  employed i n  farming and a g r i c u l t r u a l - t y p e  a c t i v i t i e s .  Conse- 

quent ly ,  t h e r e  has  been a n  i n c r e a s e  i n  t h e  percentage  of t h e  popula t ion  involve'd 



i n  bus iness ,  commercial and indus t r i a l - t ype  jobs .  I n  r e c e n t  years  t h e  Conyers- 

Rockdale County a r e a  has experienced s i g n i f i c a n t  i n d u s t r i a l  growth which i s  

loca t ed  pr imar i ly  i n  those  a r e a s  served by I n t e r s t a t e  Highway 20 and the  

Georgia Rai l road.  There has a l s o  been s i g n i f i c a n t  commercial growth i n  t h e  

form of shopping c e n t e r s ,  banks, s e r v i c e  s t a t i o n s ,  and o t h e r  commercial a c t i v i t i e s  

needed t o  s e r v e  t h e  increa 's ing r e s i d e n t i a l  popula t ion .  I n  t he  l a s t  t e n  yea r s  

the  Conyers-Rockdale County a rea  has experienced a  r e s i d e n t i a l  housing boom 

' .  c o n s i s t i n g  of both apartments  and s i n g l e  fami ly  dwel l ings .  A l l  i n d i c a t i o n s  

a r e  t h a t  t h i s  h igh  l e v e l  of r e s i d e n t i a l  cons t ruc t ion  a c t i v i t y  w i l l  cont inue 

f o r  some t i m e  i n t o  t he  f u t u r e .  

According t o  t h e  1970 Census, t h e  median family income.for  t h e  Ci ty  of 

Conyers was $8,992 per  year  and t h e  per  c a p i t a  income was $2,792 per  y e a r .  

Most of t he  popula t ion  of Conyers could be c l a s s i f i e d  i n  t h e  low t o  moderate 

income l e v e l  wi th  only 13.4 percent  earn ing  $15,000 per  year  o r  more and 12.2 

percent  being below t h e  p o v e r t y , l e v e l .  

8 .2.3 LAND USE 

The Ci ty  of Conyers has  w i t h i n  i t s  co rpora t e  l i m i t s  a  t o t a l  of 3572 

ac re s .  Due t o  a  r e c e n t  annexat ion of s e v e r a l  l a n d a r e a s  contiguous t o  the  town 

core., t h e  ma jo r i t y  of t h e  C i t y ' s  land i s  ..undeveloped. . Some 54.2%., o r  1935 

a c r e s ,  of t he  land a r e a  may be c l a s s i f i e d  i n  t h i s  ca tegory .  The second l a r g e s t  

category i s  r e s i d e n t i a l ,  wi th  924 a c r e s  o r  25.9% of t he  land a rea .  S t r e e t s  

and o the r  pub l i c  rights-of-way occupy approximately 372 a c r e s  o r  10.4% of t he  

land  a r e a .  Pub-lic and semi-public land occupies  149 a c r e s  (4.2%);  commercial 

usage r e q u i r e s  159  a c r e s  (4.4%),  and i n d u s t r i a l  occupies 33, a c r e s  o r  9% of the  

land a r e a .  



The C i ty  of Conyers and t h e  cont iguous  a r e a  which w i l l  be  c.0nsidere.d f o r  . 

s e r v i c e  w i t h  t h e  HP-WHR system a r e  shown on F igure  8-2.. 

8.2.4 CLIMATE . 

The c l i m a t e  of t h e  Conyers-Rockdale a r e a  is  humid and c o n t i n e n t a l .  The 

w i n t e r s  a r e  mi ld ,  bu t  they have ve ry  changeable temperatures .  The p r e v a i l i n g  . 

wind dur ing  the  w in t e r  i s  n o r t h e r l y .  The weather i s  l a r g e l y  c o n t r o l l e d  by 

movement of a r e a s  of h igh  and low baromet r ic  p re s su re  and t h e  accompanying . . .  

winds. I n  w in t e r  t h e s e  cond i t i ons  cause  f r equen t  a l t e r a t i o n  of warm'moist 

sou the r ly  winds and co ld  d ry  n o r t h e r l y  winds. 

0 
The average  w i n t e r  temperature  i s  49.3 F. The temperature  u s u a l l y  r i s e s  . . 

r a p i d l y  i n  March and A p r i l .  Tlie d i f f e r e n c e  i n  t he  mid-winter (January)  average , 

0 
and t h e  mid-summer ( Ju ly )  average  i s  27.9 F, which i s  r e l a t i v e l y  smal l  compared . 

wi th  a d i f f e r e n c e  of 60°F i n  some of t h e  more no r the rn  s t a t e s .  The summers 

a r e  warm bu t  a r e  comparat ively f r e e  from extreme hea t  due t o  t h e  a l t i t u d e  and 

0 
l a t i t u d e  of t h e  a r e a .  The average summer temperature  is  75.1 F. The average 

d a t e  of t h e  f i r s t  k i l l i n g  f r o s t  i s  November 8 and f o r  t h e  l a s t  i s  March 29. . 

R a i n f a l l  v a r i e s  somewhat from y e a r  t o  yea r ,  b u t  i t s  seasona l  d i s t r i b u t i o n  

i s  gene ra l l y  f avo rab l e  f o r  c rops .  Ser ious  drought i s  n o t  l i k e l y  t o  occur 

more than once i n  10-15 yea r s .  The r a i n f a l l  reaches  a  peak i n  t h e  win te r  and 

a g a i n  i n  mid-summer. F a l l  i s  t h e  d r i e s t  season of t h e  year  and about  one-half 

of t h e  r a i n f a l l  comes i n  q u a n t i t i e s  of one i nch  o r  more i n  a  24-hour per iod .  

The c l o s e s t  United S t a t e s  Cl imato logica l  S t a t i o n  i s  loca t ed  i n  Covington, 

.Georgia i n  Newton County. Covington i s  e leven  mi l e s  south  of Conyers s o  t h e  

d a t a  should be a p p l i c a b l e  t o  t h e  s tudy  a r e a .  
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The climate of t h e  region is influenced by the  At lan t i c  Ocean, the  Gulf 

of Mexico, and t h e  Appalachian Mountains.  he mountains s h i e l d  t h e  a rea  from 

t h e  heavy snow and extreme winter  temperatures found i n  eas te rn  Tennessee, 

northern Alabama, and Arkansas. Likewise, the  ocean and gulf  a f f e c t  the  

seasonal  temperatures i n  the  summer, and "continental i ty" i s  not  a s  not iceable  

a s  the  areas located  f u r t h e r  inland.  

Because of t h e  geographical locat ion,  temperatures are mild i n  winter  

and summer, with summers moderately warm and humid. During the  summer, some 

extended per iods  of hot  weather a r e  experienced, bu t  such periods a r e  not 

unbearable. The h o t t e s t  weather comes i n  b r i e f  s p e l l s  during the  summer. 

Even though days a r e  hot ,  n igh t s  a r e  mild with temperatures dropping i n t o  

the  sixties and sevent ies .  

Humidity ranges around e igh ty  . t o  n inety  percent  during the  summer 

causing an  occasional  e a r l y  morning fog, and normally the  humidity f a l l s  i n  

e a r l y  afternoon t o  f i f t y  t c r  s i x t y  percent .  The average wind ve loc i ty  comes 

from t h e  nor theas t  o r  northwest i n  t h e  winter  and from the  south i n  t h e  spring 

and summer. 

Winters a r e  genera l ly  mild with cold s p e l l s  l a s t i n g  only a few days even 

i n  mid-winter. Temperature drops t o  32 degree Fahrenheit o r  below about 

f i f t y  days each winter .  The temperature reaches the  teens o r  twenties a t  

least once a month during the  winter  and ten  degree temperatures o r  below 
n 6 

occur once a year about every four th  year. 

8.2.5 PROPOSED SERVICE AREA 

The community a rea  to  be serviced by t h e  Conyers Heat Pump-Wastewater 

Heat Recovery System i s  located  r e l a t i v e l y  c l o s e  t o  the thermal energy source 



and w i l l  be composed of s i n g l e  family r e s i d e n t i a l  s t r u c t u r e s .  The unique 

advantages of the  Conyers se rv ice  a rea  are: 1 )  the  proximity of the  se rv ice  

area  t o  the  thermal energy source, and 2) the  opportunity t o  se rv ice  both 

ex i s t ing  s t r u c t u r e s  through space conditioning system r e t r o f i t  and new s t r u c t u r e s  

through i n i t i a l  sys tern i n s t a l l a t i o n  as the  community grows. 

The proposed s e r v i c e  area of approximately 472 acres was subdivided 3nto 

three  zones f a r  the  purposes of est imating thermal energy consumption. The 

se rv ice  zones, shown i n  Figure 8-3, vary i n  t h e  degree of development. Zone 

1, 149 acres, is approximately 40% complete wi th  regard t o  i ts  build-out 

p o t e n t i a l  of approximately 50 houses. Zone 2 is a present ly  undeveloped 

parcel  of land, approximately 116 ac res ,  which shows excel lent  p o t e n t i a l  f o r  

development during the  l a t e r  phases of the  study period. Zone 3, 207 ac res ,  

i s  a l s o  a r e l a t i v e l y  new subdivis2on which is approxhmately 50% complete i n  

i ts  p o t e n t i a l  build-out of 150 houses. Obviously, there is s i g n i f i c a n t  room 

f o r  expansion of t h e  number of homes served from the  HI?-WHR system and f o r  

r e a l i z i n g  t h e  s i g n i f i c a n t  i n i t i a l  c o s t  advantages of i n s t a l l i n g  t h e  s y s t e m  
" Y& 

i n  new s t ruc tu res ,  a s  opposed t o  r e t r o f i t t i n g  e x i s t i n g  s t r u c t u r e s  and space 

conditioning systems. 

The energy source ana lys i s  i r~ r l i ca tes  that t h e  energy r ~ a s o n a b l y  a v a i l a b l e  

from the  waste treatment p lan t  w i l l  serve approximately 400 average homes 

i n  the Conyers area. This is  100 p lus  percent  of the  s e r v i c e , a r e a l s  projected 

requirements. However, energy augmentation by s o l a r  o r  o ther  means might 

prove f e a s i b l e  if growth i n  the  a rea  exceeds projec t ions .  

The other  s i g n i f i c a n t  point  favor ing t h e  Conyers system is t h e  proximity 

of the  r e s i d e n t i d  development t o  the  waste treatment pIant .  While t h i s  

s i t u a t h n  is  usua l ly  uncommon, the suburban nature  of Conyers' r ecen t  growth 
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has promoted r e s i d e n t i a l  subdiv is ion  expansion i n  t h e  ou t ly ing  a r e a s .  This  

r e l a t i v e l y  dense growth i n  the a r e a  of the wastewater t reatment  f a c i l i t y  

w i l l  tend t o  decrease investment c o s t s  i n  t he  thermal d i s t r i b u t i o n  system and 

make ehe p r o j e c t  more economically v i a b l e .  

BUILDING CONSTRUCTION 

The proposed s e r v i c e  a r e a  was divi'ded i n t o  t h r e e  zones i n  o rde r  t o  

f a c i l i t a t e  e s t ima t ing  thermal energy consumption. A l l  s t r u c t u r e s  w i t h i n  t h e  

I 
s e r v i c e  a r e a  a r e  detached, s i n g l e  family dwell ings.  Building cons t ruc t ion  is  

s i m i l a r  w i th in  and between zones. 

The housing u n i t s  w i t h i n  t h e  proposed s e r v i c e  a r e a s  range i n  s i z e  from 

1,000 t o  1,600 square f e e t  and a r e  gene ra l ly  l e s s  than f i v e  yea r s  o ld .  

S p a t i a l l y ,  they a r e  arranged on land l o t s  of approximately 1 /4  t o  113 a c r e .  

The u n i t s  a r e  predominately s p l i t  l e v e l  u n i t s  wi th  t h r e e  bedroom u n i t s .  How- 

eve r ,  some ranch type des igns  a r e  intermingled throughout t h e  subdiv is ions .  

FHA minimum proper ty  s tandards  o r  VA s t anda rds  were adhered t o  i n  t h e  ma jo r i t y  

of units. Dwelling u n i t  wa l l s  ate the  3 1/2" c a v i t y  wa l l  cons t ruc t ion  cons i s t -  

i ng  of gypsum board i n s i d e  f a c e ,  2" x 4" s tud  suppor ts ,  3 112" f i b e r g l a s s  

i n s u l a t i o n ,  p a r t i c l e  board o u t s i d e  shea th ing  and e x t e r i o r  s i d i n g  o r  b r i ck  

e x t e r i o r .  A t t i c  i n su la t ion ,  4" t o  8" of f i b e r g l a s s  l oose  f i l l  o r  6" ba t t i ng ' ,  

i s  used i n  t h e  ma jo r i t y  of cons t ruc t ion .  F loors  a r e  gene ra l ly  un insu la t ed ,  

b u t  c a r p e t  is  normally included a s  a  f l o o r  covering.  Window cons t ruc t ion  i s  

t h e  double-hung s l i d i n g  type wi th  s i n g l e  pane g:l.ass. Stom.windows a r e  n o t  

. . used on the majo r i ty  of t h e  houses.  

Typica l ly ,  each house i s  heated by a  forced  a i r ,  n a t u r a l  gas  furnace.  

. 'Most houses a r e  a i r  condi t ioned by means .of duc t  mounted r e f r i g e r , a n t  c o i l  and 



a i r  cooled condens ingun i t s .  System s i z e s  range from 2  t o  5  tons  capac i ty  a i r  

condi t ion ing .  Furnaces a r e  u sua l ly  80,000 t o  100,000 Btp input  s i z e .  

One e s p e c i a l l y  a t t r a c t i v e  f e a t u r e  of t he  Conyers s e r v i c e  a r e a  i s  t h a t  

t h e  a r e a  is l e s s  than 30 percent  complete wi th  r e s p e c t  t o  r e s i d e n t i a l  develop- 

ment. The fewer number of u n i t s  t h a t  must be r e t r o f i t t e d  w i l l  make the  scheme 

more a t t r a c t i v e .  S u b s t a n t i a l  f i r s t  c o s t  b e n e f i t s  can be obtained by i n s t a l l i n g  

u n i t s  a t  t h e  time of o r i g i n a l  cons t ruc t ion .  

8.2.7 HEATING AND COOLING LOADS 

A d e s c r i p t i v e  s t a t i s t i c  i n  determining the  o v e r a l l  d e s i r a b i l i t y  of pro- 

v id ing  c e n t r a l  h e a t i n g  and cool ing  media f o r ' u s e  by a  community is the  t o t a l  

number of hours  per  year  when some amount of hea t ing  o r  cool ing  i s  requi red  

by most r e s idences .  To d e r i v e  t h i s  s t a t i s t i c ,  cumulative t o t a l s  were developed 

from hourly temperature d i s t r i b u t i o n  d a t a  t o  i n d i c a t e  t h e  number of hours per  

year  when hea t ing  o r  cool ing  is  requi red  i n  Conyers. Heating was assumed t o  

be needed when .the o u t s i d e  a i r  temperature was 6 5 O ~  and below. This b a s i s  

y i e lded  an  approximate 4593 hours  per  year  when some form of hea t ing  energy 

was requi red  by most bu i ld ings .  Likewise, cool ing  was assumed t o  be requi red  

0 
' when t h e  o u t s i d e  a i r  temperature was above 75 F. For t h e  Conyers a r e a ,  t h i s  

. . r e s u l t e d  i n  1974 t o t a l  hours per  yea r  which requi red  some form of cool ing .  

With such s u b s t a n t i a l  hea t ing  and cool ing  seasons a s  t h e  abo*e,. a  c e n t r a l  

hea t ing /cool ing  system shows obvious p o t e n t i a l  f o r  s e r v i c e  i n  the  a r ea .  . . 

Monthly Loads 

Heating and cool ing  loads  f o r  t h e  Conyers system were est imated on a  

monthly b a s i s  f o r  those bui ld ing  s t r u c t u r e s  w i th in  the p ro j ec t ed  s e r v i c e  a r e a .  

The primary emphasis i n  load development was placed on monthly f i g u r e s  s i n c e  



no g r e a t e r  degree of d e t a i l  could be j u s t i f i e d  i n  a  pre l iminary  s tudy  of t h i s  

type. Peak loads  were a l s o  developed us ing  des ign  cond i t i ons  from t h e  1977 

Fundamentals Volume of t h e  ASHRAE Handbook and product  Di rec tory .  50 

The e ,s t imate  of monthly hea t ing  and cool ing  requirements  was c a l c u l a t e d  

by a  computer program developed by t h e  Community Energy Systems Branch of 

Georgia Tech. To e s t i m a t e  t h e  t o t a l  thermal load per  s e r v i c e  zone, t he  

computer program, when a p p r o p r i a t e l y  i npu t  wi th  t h e  p e r t i n e n t  d a t a ,  m u l t i p l i e s  

t h e  number of b u i l d i n g  u n i t s  of a  p a r t i c u l a r  type t imes t h e  average f l o o r  a r e a  

pe r  u n i t  f o r  t h a t  bu i ld tng  type t imes t h e  monthly thermal  i n t e g r i t y  f a c t o r  f o r  

t h a t  bu i ld ing  type  t o  o b t a i n  a  t o t a l  monthly BTU requirement f o r  each b.uilding 

c a t e g o r y . ,  T o t a l  thermal requirements  f o r  a l l  bu i ld ing  c a t e g o r i e s  a r e  then 

summed t o  g i v e ' a n  . o v e r a l l  . load  f o r  each zone. F i n a l l y ,  t o t a l  zone loads  a r e  

summed t o  g ive  an  o v e r a l l  system thermal  l oad .  

Input  t o  t h e  program included thermal  i n t e g r i t y  f a c t o r s  developed from t h e  

Rand c o r p o r a t i o n ' s  ENERGY USE AND CONSERVATION I N  THE RESIDENTIAL SECTOR: A 
REGIONAL ANALYSIS. 2 7  Unit ized energy consumption d a t a  was es t imated  on a n  

annual  b a s i s .  Heating energy r equ i r ed  was 30 MBtu/sq.ft .  annual ly .  Cooling 

energy r equ i r ed  was 20 ~ ~ t u / s q . f t .  annual ly .  Monthly hea t ing  and cool ing  loads 

were determined by appor t ion ing  t h e  annual  requirement  according t o  t h e  per- . 

centage  of hea t ing  o r  cool ing  .degree 'days  occu r r ing  i n  a  p a r t i c u l a r  month. . 

Heating and coo l ing  degree days were taken from "Monthly Normals of Heating 

and cool ing  Degree Days 1941-1970tt, 55 publ ished by rhe Nat iona l  Cl imat ic  

Center,  Ashev i l l e ,  North Caro l ina .  Table 8-1 i s  a  summary of t h e  percentage  

 figure^ u t i l i z e d  i n  t h e  load  e s t i m a t e .  



Month 

Jan.  

. Feb. 

March 

A p r i l  

May 

June 

J u l y  

August 

Sept . 
Oct. 

Nov . 
Dec . 

TABLE 8-1 
Annual Heat ing and Cooling Degree Days 

Conyers, Georgia 

Heat ing  Cooling 

Degree Days , % T o t a l  Degree Days % Tota l  

The s e r v i c e  a r e a  under cons ide ra t i on  f o r  Conyers con ta in s  only r e s i d e n t i a l  

bu i ld ings .  Bui ld ing  count  and a r e a  were es t imated  from f i e l d  surveys.  Table 

8-2 p r e s e n t s  a  month-by-month summary of t h e  t o t a l  p ro j ec t ed  thermal load on 

t h e  HP-WHR system. The f u l l  r e s u l t s  of t h e  computerized load kalculat ' ions  . . and 

peak . load deter lninat ioi ls  a r e  presen ted  i n  Appendix C. 



TABLE 8-2 
CONYERS HP-WHR SYSTEM LOADS 

. .  . 

PERIOD 

Jan.  

Feb . 
March 

A p r i l  

May 

June 

HEATING LOAD 
BTU x 109 

COOLING LOAD 
BTU x-,109 

J u l y  0.0 2.184 

August 0.0 2.098 

Sept . 0.039 1.230 

Oct. 0.568 0.310 . 

Nov . 1.703 0.0 

Dec . 2.786 0.0 . 

Peak Heating Load 

A s  mentioned above, peak loads  were est imated us ing  t h e  procedures and 

design condi t ions  from the  ASHRAE  andb book. 50 The degree day formula, with, 

terms rearranged. ' to ,  so lve  f o r  t h e  peak load ,  P, was u t i l i z e d  a s  shorn below: 



Where : 

P  - Design h e a t i n g  load  per  hour 

E = Heat energy r equ i r ed  

TD =. Design temperature  d i f f e r e n c e  

DD = Heating degree days 

For t h i s  e s t ima te :  

9  
E = 2.915 x 1 0  BTU - from t h e  comp'uter load e s t ima te  f o r  January 

TD = 70' - 17O = 5 3 ' ~  - d e s i r e d  i n s i d e  temperature minus t he  99% 
des ign  temperature  f o r  Conyers 

DD = 701 - from Table 8-1 

Thus 

6 
= 9.18 x 1 0  Btu/hr  

Peak Cooling Load 

U t i l i z i n g  t h e  des ign  f i g u r e  of a n  average  550 square  f e e t  per  peak ton  

of r e f r i g e r a t i o n  f o r  r e s i d e n t i a l  s t r u c t u r e s ,  t h e  peak cool ing  load was e s t i -  

mated a s  fo l lows:  
Q 

Peak Cooling Load = 
430,000 f tL (bu i ld ing  a r e a  se rved)  

550 f t Z / t o n  

= 782 tons 



8.2.8 :THERMAL ENEKGY RESOURCES 

From earlier discussions on the general HP-WHR system concept and from 

the descriptions of the specific system to be applied in the demonstration 

community of Conyers, Georgia, it is apparent that the low-grade heat in 

the community's wastewater will be utilized as the thermal energy source. 

Due to the site specific variables to be considered in characterizing a 

community's wastewater as the thermal energy source for this system; a 

determination of the quantities of thermal energy available from this 

source necessarily involves examination, and analysis of the specific waste- 

. water collection and treatment system to be evaluated for the application of 

this scheme. The following sections examine the wastewater facilities 

of the Conyers, Georgia community and develop estimates of the thermal 

energy available to an HP-WHR installation at a proposed site in Conyers. 

CITY OF CONYERS, GEORGIA WASTEWATER FACILITIES 

The City of Conyers and contiguous unincorporated areas of Rockdale 

County are served by three sewage treatment facilities. Boar. Tusk Creek 

sewage treatment plant, approximately one mile outside the corporate city 

limits off of East View Road, is a 500,000 GPD activated sludge facility 

which handles approximately 75% of the domestic wastewater generated with- 

in the city limits. A second facility, the Almand Branch sewage treatment 

plant located approximately ' 2 miles outside the corporate limits off of 

Stockbridge Highway is a 1.0 MGD, oxidation ditch type of treatment facility 

which handles the remaining 25% of the City's domestic wastewater plus 

significant amovnts of industrial discharge. A third treatment facility, . . 

the Atlanta Suburbia sewage treatment plant, located near the Rockdale 

County line off of Underwood Road, is a 200,000 GPD activated sludge 

facility which serves the Salem East, Salem Lake, Salem Woods, and Salem 



Vi l l age  r e s i d e n t i a l  subd iv i s ions .  

Because of advantages i n  system c o n f i g u r a t i o n  and p l a n t  s i t i n g ,  and 

d u e . t o  i ts  proximity t o  a  compact p o t e n t i a l  s e r v i c e  a r e a  comprised of e x i s t -  

i n g  subd iv i s ions ,  a r e a s  now under development, and sever-a1 i n s t i t u t i o n a l  

s t r u c t u r e s  ( s choo l s ) ,  t h e  Almand Branch sewage t rea tment  p l a n t  has  been 

s e l e c t e d  f o r  e v a l u a t i o n  of a v a i l a b l e ' t h e r m a l  energy f o r  t h e  proposed Conyers 

HP-WHR s y s  tern. 

The Almand Branch p l a n t ,  cons t ruc t ed  i n  1973, was designed f o r  t h e  

t rea tment  of domest ic  sewage of average p o l l u t a n t  concen t r a t i ons  and flow 
' 

c h a r a c t e r i s t i c s .  The p l a n t  de s ign  i s  t h e  o x i d a t i o n  d i t c h  type,  a  modified 

form of a c t i v a t e d  s ludge  t rea tment ,  which may be c l a s s i f i e d  i n  t h e  extended 

a e r a t i o n  group. Average d a i l y  des ign  f low is  1.0 MGD, and.BOD removal 

e f f i c i e n c y  was designed a t  90% o r  b e t t e r .  

A f low s h e e t  of t h e  p l a n t  is  provided i n  Figure 8-4. The p r i n c i p a l  

components of t h e  p l a n t ,  a long  wi th  p e r t i n e n t  des ign  d a t a ,  a r e  as fol lows:  

~ a r m i n u t o r  w i th  manually c leaned by-pass ba r  s c r een .  

Raw Sewage Pumping S t a t i o n  w i th  2  v a r i a b l e  speed v e r t i c a l  
pumps and 1 cons t an t  speed v e r t i c a l  pump 

Aera t ion  tanks  (2) each a t  194 '  long and 64'  wide a t  t he  top 
w i th  a  6 '  water  depth.  Approximate capac i ty  413,000 ga l lons  
each. Mechanical a e r a t o r s  a r e  26' r o t o r  a e r a t o r s .  Theo re t i ca l  
r e t e n t i o n  t i m e  a t  des ign  flow of 1 .0  MGD i s  20 hours.  

F i n a l  c l a r i f i e r s  (2) c i r c u l a r  w i t h  35'  -0" diameter  and 9"-0" 
s i d e  water  depth.  Approximate c a p a c i t y  of each tank  i s  64,000 
g a l l o n s  w i t h  a 3 hour r e t e n t i o n  t i m e .  

Return s ludge  pumping s t a t i o n  w i t h  2  Midland T o t a l l y  Submersible 
sewage pumps. 

. .. 

Sludge dry ing  beds (4) each a t  26' wide and 49'  long .  

Chlor ine c o n t a c t  tank,  2  s e c t i o n s ,  each 18 '  wide and 20' long 
wi th  a  7 '  water  depth.  Approximate capac i ty  i s  34,000 g a l l o n s  
wi th  50 minute r e t e n t i o n  t i m e  a t  des ign  flow. . 

P a r s h a l l  flume, 9", w i t h  flow monitor ing device .  

Control  b u i l d i n g  con ta in ing  l a b o r a t o r y  and o f f i c e ,  c h l o r i n e  
room, s t o r a g e  room and shop. 
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S t a n d b y . e l e c t r i c  power system. 

Due t o  t h e  newness of t h e  f a c i l i t y  and a  good ope ra t ion  and maintenance 

program by t h e  C i ty ,  very few o p e r a t i o n a l  problems wi th  p l a n t  equipment have 

developed. 

Sewers which a r e  t r i b u t a r y  t o  t he  Almand Branch F a c i l i t y  c o n s i s t  of 

1390 l i n e a l  f e e t  o f ' 4 " ,  3750 l i n e a l  f e e t  of 6", 58,390 l i n e a l  f e e t  of 8", 

5940 l i n e a l  f e e t  of lo", 7960 l i n e a l  f e e t  of 12", 3080 l i n e a l  f e e t  of 15", 

7410 l i n e a l  feel. uf 10", 3890 l i n e a l  f e a t  of 24", and 2730 I.i.nea1 feet of 

30" g r a v i t y  sewers. There i s  one pumping s t a t i o n  wi th  890 l i n e a l  f e e t  of 

6" f o r c e  main. 

FLOW AND TEMPERATURE DATA - CONYERS, GA. 

A s  d i scussed  i n  Chap te r10 .0 -  COMPONENT TESTING, s i t e  s p e c i f i c  

temperature and flow measurements a r e  t he  necessary f i r s t  s t e p  i n  develop- 

i n g  a d a t a  base f o r  determining the  thermal energy a v a i l a b l e  a t  any p a r t i -  

c u l a r  s i t e  o f . a p p l i c a t i o n .  P l a n t  e f f l u e n t  flow and temperature d a t a  from 

e x i s t i n g  p l a n t  i n s t rumen ta t ion  was obta ined  f o r  t h e  per iod  10/14/78 t o  

11/16/78. Temperature s enso r s  and flow ins t rumenta t ion  a r e  l oca t ed  a t  the  

d ischarge  of t h e  t rea tment  f a c i l i t y  i n  t h e  v i c i n i t y  of  t h e  c h l o r i n e  con tac t  

bas in .  Data f o r  t h e  period 11/8/78 through 11/14/78, s e l e c t e d  a s  represen- 

t a t i v e  of p l a n t  cond i t i ons  dur ing  the  s u b j e c t  per iod ,  is  presented g raph ica l ly  

(Flow vs .  Time, and Temperature vs .  Time) i n  Figure 6-5 and summarized 

i n    able 8-3. 
. . , ": 

Flow was noted t o  be on a  d a i l y  cyc l e  wi th  miscel laneous peaks and 

d i p s  dur ing  t h e  weekdays. Weekend flow was r e l a t i v e l y  cons tan t .  Weekday 

flow r a t e s  averaged 0.662 MGD, and weekend r a t e s  averaged 0.534 MGD. Over- 

a l l ,  f low r a t e s  d id  n o t  vary  from t h e  average to  the  e x t e n t  t h a t  might be 

expected from experience wi th  wastewater flow cyc le s .  Weighted average 

d a i l y  flow (ADF) f o r  t he  seven day per iod  was 0.623 MGD. 



CONYERS, GEORGIA . . 

SEWAGE TREATMENT PLANT 
11-6-78-11-14-78 

7 5 1  : FIGURE 8-5 

J 

O .  a 1; . 2'4 ; 
WED. THURS. ' FRI. SAT. SUN. MON. TUES. 

DURATION (HRS) 

'IN E D. THURS. F RI. SAT SUN. , MON. TUES. 

DURATION (HRS) 



TABLE 8-3 
CONYERS , GA. WASTEWATER SYSTEM 

ALMAND BRANCH SEWAGE TREATMENT PLANT 
TEMPERATURE AND FLOW DATA 

11/8 /78  TO 11/14/78 

PLANT EFFLUENT TEMPERATURE 

TIAY LOW HIGH - 
O C / O F  O C / O F  

WED 1118 14 /57  20168 

THUR 1119 1 6 / 6 1  20168 ' 

FRI 11 /10  14 /57  1 9 / 6 6  

SAT 11/11 14/57 19 /66  

SUN 11/12  13 /55  19 /66  

MON 1 1 / 1 3  1 4 j 5 7  20168 

TUES 11 /14  1 6 / 6 1  19/66 

FLOW 

HIGH : 41,667 % (= 1.0  MGD) 1 1 / 1 3  1:OOpm 

LOW: 7083 (= .17 MGD) 1118 12:OO noon 

AVG. WEEKDAY: 0.662 MGD 

AV:G. WEEKEND : 0.534 MGD 

,WEIGHTED AVG. 
DAILY FLOW: .623 MGD 



Plan t  e f f l u e n t  temperatures showed a r e l a t i v e l y  smooth p l o t ,  rang'ing 

only from 55*F t o  68OF. There seemed t o  be a , p a t t e r n  of higher  temperatures 

during the  daytime hours ,  l i k e l y  due t o  t he  long r e t e n t i o n  time - 20 hours - 

of the  a e r a t i o n  tanks.  

I t  i s  expected t h a t ,  f o r  t h i s  s e c t i o n  of t h e  ~onyers /Rockdale  County 

wastewater c o l l e c t i o n  and t rea tment  system, t h e  ope ra t ing  c ~ n d , ~ t i o n s  - flow 

and temperature - w i l l  cont inue  t o  e x h i b i t  t he  t r ends  i l l u s t r a t e d  i n  t he  

foregoing graphs. Flow r a t e s  may show some e s c a l a t i o n ,  t o  t he  exten.t t h a t  

they r e f l e c t  t he  growth i n  t h i s  a r e a  of t he  county. Extreme seasonal  

i n f luences  may reduce t h e  ope ra t ing  temperatures  somewhat, b u t  w i l l  n o t  

s i g n i f i c a n t l y  a f f e c t  t he  a v a i l a b i l i t y  of thermal energy a t  t h i s  source.  

From the  above c h a r a c t e r i z a t i o n  of the  Conyers wastewater cond i t i ons ,  

i t  is  apparent  t h a t  s i g n i f i c a n t  amounts of thermal energy a r e  a v a i l a b l e  

f o r  rec la im wi th  a  Conyers HP-WHR system. The next  r e p o r t  s e c t i o n  develops 

an  e s t ima te  of t he  q u a n t i t i e s  of thermal energy a v a i l a b l e  a t  t h e  proposed 

p l a n t  l oca t ion .  

THERMAL ENERGY ESTIMATE 

For t h ~  purposes of 'developing a nationwide p r o j e c t i o n  of a v a i l a b l e  

thermal energy from wastewater,  f low was def ined  as a func t ion  of  n a t i o n a l  

populat ion,  and i n d u s t r i a l  wastewater d i scharges  (a  s i g n i f i c a n t  source  of 

rejrected thermal energy) were ignored due t o  i n s u f f i c i e n t  da t a .  However, 

a  more meaning£ul e s t ima te  can be developed on a  s i t e - s p e c i f i c  b a s i s  because 

cons ide ra t ions .o f  t h e  l o c a l  wastewater condi t ions  may be taken i n t o  account .  

The temperature and flow d a t a  from t h e  Conyers f a c i l i t y  w i l l  s e r v e  a s  ' the 

basis for t h i s  energy e s t ima te .  

System design f o r  t h e  Conyers f a c i l i t y  d i c t a t e s  t h a t  wastewater be 

ex t r ac t ed ,  from t h e  a e r a t i o n  bas ins  and pumped t o  t h e  c e n t r a l  s t a t i o n  (which 

would l i k e l y  be s i t e d  a t  t h e  t rea tment  p l a n t ) .  Thus t h e  combined capac i ty ,  



826,000 g a l l o n s ,  of t h e  two a e r a t i o n  bas in s  would be u t i l i z e d  a s  system 

s t o r a g e  t o  absorb t h e  d i u r n a l  f l u c t u a t i o n s  i n  f low and temperature .  There- 

f o r e  the  f i g u r e s  f o r  average  p l a n t  e f f l u e n t  flow and temperature  can be 

considered t y p i c a l ' o f  t h e  wastewater cond i t i ons  which could be expected f o r  

t h e  HP-WHR c e n t r a l  s t a t i o n  equipment. It i s  duly  noted t h a t  t he  cond i t i ons  

documented h e r e i n  a r e  from a somewhat a r b i t r a r i l y  s e l e c t e d  one-week per iod  

which may o r  may n o t  have been r e p r e s e n t a t i v e  of cond i t i ons  t o  be  e x p e c t e d .  

over  an annual  cyc l e .  However, i n s p e c t i o n  of t he  seven-day flow cyc l e  

r e v e a l s  no c h a r a c t e r i s t i c s  which would i n d i c a t e  i t  t o  be a t y p i c a l .  Fu r the r ,  

s i n c e  t h e r e  is adequate  c a p a c i t y  w i t h i n  t h e  system t o  "accumulate" t h e  surges  

i n  i n f l u e n t  wastewater f low and .comple te  t h e  t rea tment  process  a t  a  more 

. s t eady  f low r a t e ,  i t  is  a n t i c i p a t e d  t h a t  t h e  documented weekly flow cyc l e  

can indeed be taken a s  t y p i c a l .  The temperature  of t h e  wastewater,  on the  

o t h e r  hand, w i l l  l i k e l y  e x h i b i t  more s i g n i f i c a n t  v a r i a t i o n s  due t o  seasona l  

i n f luences .  However, a g a i n  due t o  t h e  adequate  s t o r a g e  c a p a c i t y . w i t h i n  t h e  

t rea tment  system, i t  is  a n t i c i p a t e d  t h a t  t h e  a f f e c t  of ambient temperature 

changes on t h e  wastewater temperature  w i l l  be  moderated somewhat. The 

temperature  and f low d a t a  presen ted  h e r e  and u t i l i z e d  i n  t h e  fo l lowing  

e s t ima te  of a v a i l a b l e  thermal  energy a r e  presen ted  p r imar i l y  t o  provide a  

f i r m  base .for t h . 5 ~  "bal lpark" e s t ima te .  F igures  8-6, and 8-7, Temperature 

v s .  Duration and Flow vs .  Durat ion,  r e s p e c t i v e l y ,  f o r  t h e  per iod  11/8/78 

through 11/14/78, i l l u s t r a t e  t h a t  t h e  average cond i t i ons ,  Flow .623 MGD 

and Tempefature 6 2 O ~ ,  a r e  indeed i n d i c a t i v e  of t y p i c a l  cond i t i ons  throughout 

t h e  s u b j e c t  per iod  (Note t h a t  12 hours  has  been omit ted from t h e  one week 

per iod due t o  a  blank i n  t h e  temperature  and flow d a t a  p r i n t  o u t s . )  
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From Chapter 2.0 - POTENTIAL APPLICATIONS, t h e  t o t a l  amount of hea t  

a v a i l a b l e  from t h e  thermal supply (wastewater) can be c a l c u l a t e d  from equat ion  

(2-2),  shown below: 

Where : 

Q = W C (AT) 

Q = t o t a l  h e a t ,  Btu 

W - flow of wastewater ,  lbm 

0 
C - s p e c i f i c  hea t  of wastewater (assumed t o  be 1 . 0  Btullbm- F) 

AT - change i n  temperature  i n  supply medium a c r o s s  t h e  c e n t r a l  s t a t i o n  
0 equipment h e a t  exchanger,  F 

In spec t ion  of equa t ion  (2-2) r e v e a l s  t h a t  f o r  a  given flow of wastewater,  

t h e  q u a n t i t y  of hea t  a v a i l a b l e  i s  d i r e c t l y  p ropor t i ona l  t o  AT. Theore t i ca l l y ,  

0 
h e a t  could be removed from a  water source  down t o  approximately 32 F. 

However, due t o  equipment ope ra t i ng  c h a r a c t e r i s t i c s ,  a  p r a c t i c a l  lower l i m i t  

of 4 0 ' ~  can be set .  General  HVAC system des ign  p r a c t i c e  d i c t a t e s  a  

AT = 10 '~ .  However, f o r  t h i s  p a r t i c u l a r  a p p l i c a t i o n ,  l a r g e r  AT's may be 

necessary  o r  d e s i r a b l e .  Therefore ,  i n  o rde r  t o  bracke t  t he  ope ra t i ng  cond i t i ons  . 

which may be i n  e f f e c t  a t  t h e  c e n t r a l  s t a t i o n ,  AT's of 1 0 ' ~  ( t y p i c a l  of 

0 0 
HVAC'operation), 15 F, and 20 F  ( t h e  approximate maximum which could be 

expected under t h e  wastewater cond i t i ons  a t  Almand Branch) w i l l ' b e  considered.  

Es t imates  of t h e  thermal  energy a v a i l a b l e  f o r  r ec l a im  a t  Conyers' Almand 

Branch sewage t rea tment  p l a n t  can now be c a l c u l a t e d .  

A s  an  example, and u t i l i z i n g  equa t ion  (2-2),  t h e  energy reclaimed from 

community wastewater would be c a l c u l a t e d  thus ly :  

- . .  . ,  .. 

AVG. DAILY FLOW - 623,000 g a l l o n s  

lbm Btu x (20 '~)  'DAILY = 623,000 x  (8.33 -) x Q . O  ---I 
day g a l  lbm-OF 

Btu 
= 103,791,800 - 

day 



Derived through t h i s  e s t i m a t i v e  methodology,  T a b l e  8-4  summarize.^ 

t h e  q u a n t i t i e s  of the rmal  energy p o t e n t i a l l y  a v a i l a b l e , '  on a d a i l y  and annua l  

b a s i s ,  t o  a n  H P - ~ ~ t l l i '  s.ystem i n s t a l l e d  a t  t h e  proposed l o c a t i o n  i n  Conyers 

and o p e r a t i n g  a t  t h e  v a r i o u s  c o n d i t i o n s  d i s c u s s e d  i n  t h e  f o r e g o i n g  p a r a g r a p h s .  

TABLE 8-4 
HEAT AVAILABLE FROM WASTEWATER 

CONYERS, GA. 
-ALMAND. BRANCH WASTEWATER FACILITY 

QDAILY 
WASTEWA'I'EK AVG. DAILY 

AT CONDITIONS HEAT RECOVERY 
(OF) IN(0F) OUT (OF) (BTU/DAY) 

An i m p o r t a n t  c o n s i d e r a t i o n  i n  t h e  a p p l i c a t i o n  of  a n  HP-WHR sys tem t o  a  

community is t h e  b a l a n c e  between t h e  p o r t i o n s  of  t h e  community s e r v e d  by t h e  

was tewate r  c o l l e c t i o n  and t r e a t m e n t  sys tem and t h e  p o r t i o n  of  t h e  community 

proposed f o r  s e r v i c e  by t h e  h e a t  pump sys tem.  Based upon t h e  above es t ima . t e  

0.f the rmal  e n e r g y  a v a i l a b l e  a t  t h e  Conyers p l a n t  and upon t h e  a s s e s s m e n t  of 

t h e  proposed s e r v i c e  a r e a ,  t h e  s p a c e  c o n d i t i o n i n g  r e q u i r e m e n t s  of  approx imate ly  

400 houses  cou ld  be  s e r v e d  under t h i s  sys tem a p p l i c a t i o n .  From t h e  measured 

a v e r a g e  f l o w  rate of 623,000 g a l l o n s  p e r  day and u t i l i z i n g  t h e  1 0 0  g a l l o n  

p e r  c a p i t a  p e r  day  d e s i g n  f i g u r e  f o r  was tewate r  consumption ( f rom Chapter 2 . 0 ) ,  

a n  e q u i v a l e n t  was tewate r  sys tem s e r v i c e  a r e a  of  6230 p e r s o n s  c a n  b e  d e f i n e d .  

F u r t h e r  a g r e g a t i n g  t h e  p o p u l a t i o n  s e r v e d  by t h e  a v e r a g e  3.26 p e r s o n s  p e r  

5 6  
household  i n  Conyers d e f i n e s  a n  e q u i v a l e n t  s e r v i c e  a r e a  of  1 9 1 1  houses .  

~ i e  b a l a n c e  between t h e  was tewate r  sys tem s e r v i c e  a r e a  ( e f f e c t i v e l y  t h e  the rmal  

energy s u p p l y  to.  t h e  h e a t  pump sys tem) and t h e  HP-WHR sys tem s e r v i c e  area is 
. . 

1 6 3  . . 



thus 1911 houses to 400 houses, or approximately 4.8 to 1. It should be 

re-emphasized that, as discussed in Chapters 2.0 and 4.0, variations in 

climate can significantly affect the balance ratio, even to the extent of 

doubling the required number of houses served by the wastewat'er system for 

each house on the HP-WHR system. However, for this particular application 

and'for communities exhibiting similar characteristics', the 4.8 to 1 balance 

.ratio appears quite workable. 



8 . 3 .  CONYERS SYSTEM, DESCRIPTION 

The' Conyers community proposed a s  t h e  system s e r v i c e  a r e a  o f f e r s  s e v e r a l  

unique c h a r a c t e r i - s t i c s  which enhance t h e  v i a b i l i t y  of appl i ' ca t ion  of t h e  Heat 

Pump-Wastewater Heat, Recovery System concept .  F , i r s t ,  t h e  wastewater t rea tmept  

p l a n t  proposed f o r - s e r v i c e  a s  t h e  HP-WHR system thermal  source  i s  loca t ed  i'n 

cl .ose t o  t h e  a n t i ~ i ~ a t e d i ' s e r v i c e  a r e a .  Second, t h e  anticipa.t.ed 

. s e r v i c e  a r e a  is  comprised 0 f . a  mixture  of e x i s t i n g  r e s i d e n t i a l  u n i t s  and land  

developed f o r  resi dentia1: constructi 'on i n .  the .  immediiate f u t u r e .  T h i s  mfirture 

r e p r e s e n t s a n  e x c e l l e n t  market p o t e n t i a l  f o r  t h e  h e a t  pump system i n  new-homes 

a s  w e l l  a s '  f o r  t h e  r e t r o f i t  of e x i s t i n g  u n i t s .  Thi rd ,  t h e  an t i c ipa t ed -  s e r v i c e  

a rea .  i s  proj,ected., due. t'o t h e  h i s t o r i c a l  h igh  growth r a t e  t rend  of t h e  Conyers 

community., to reach  i t s  u l t i m a t e  bu i ld-out  p o t e n t i a l  wit 'hin f i v e  t o  t en  years... 

This  r ap id  expansion w i l l  a l low phasing of t h e  c e n t r a l  p l a n t  a n d . d i s t r f b u t i o n  

system t o  accommodate i n c r e a s e s  i n  thermal  load  and number of u n i t s  se rved .  

F i n a l l y ;  t h e  proposed s e r v i c e  a r e a  i s  loca t ed  o u t s i d e  t h e  Conyers corpora te .  

l i m i t s  and wi th in  t h e  j u r i s d i c t i o n  of t h e  county government. With one less 

government e n t i t y  t o  d e a l  wi th ,  t h e  c r e a t i o n  of a n  au tho r i t y - type  ownership 

and ope ra t i on  arrangement whould be  somewhat s i m p l i f i e d .  

The b a s k  system concept f o r  t h e  Conyers HP-WHR f a c i l i t y  is  e s s e n t i a l l y  

t h e  same a s  t he  cascaded h e a t  pump concept p resen ted  in .  t h e  i n i t i a l  system 

discuss5on of Chapter 1.0.  One a d d i t i o n  w i l l  be  made t o  t h e  system i n  t h e  

form of an. evaposa',tive coo1.i-ng device  f o r  t h e  s u m e r  (coo12ng) mode of operat ion, .  

The evapora t ive .  c.o.oXi.ng dev ice  (cool ing  tower) w i l l  be  used i n  l i e u  of t h e  

c e n t r a l  Hea.c pum~j: and w i . 1 1  r e j e c t  t h e  h e a t  g a i n  of. t h e  housi'ng. uni ' ts  t o  t h e  

atmos.pher.e rather:  than. i n t o  t h e  wastewater e f f l u e n t .  F igure  8-8' i's a. sing.Te. 
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l i n e  schematic diagram of t h e  b a s i c  system des ign .  

The s y s  ten1 i s  designed f o r  opera t i on  i n  a hea t ing  o r  cool ing ,  mode. I n  

t h e  hea t ing  mode, wastewater i s  e x t r a c t e d  from t h e  t reatment  process  immediately 

a f t e r  primary c l a r i f i c a t i o n  and pumped by t h e  sewage pumps from t h e  sump t o  

t h e  c e n t r a l  hea t  pump. Low grade thermal energy i s  e x t r a c t e d  from the  waste- 

water  i n  , the hea t  pump evaporator., and t h e  sewage i s  r e tu rned  : to  t h e  t reatment  

process .  The thermal energy is  t r a n s f e r r e d ,  v i a  t he  r e f r i g e r a n t  cyc l e ,  i n t o  

t h e  thermal t r a n s p o r t  media (potab le  water )  a t  the  hea t  pump condenser.  The 

t r a n s p o r t  media then flows t o  t h e  thermal  s t o r a g e  v e s s e l .  The va lve  and p ip ing  

arrangement i n s i d e  t h e  v e s s e l  and on t h e  s u c t i o n  l i n e  o'f t he  d i s t r t b u t i o n  pumps 

takes  advan,tage *of t h e  temperature s t r a t i f i c a t i o n  w i t h i n  t h e  tank t o  e x t r a c t  

t he  warmest 'media a t  t h e  uppermost f l u i d  l e v e l s  f o r  d i s t r i b u t i o n .  Water:  i s  

d i s t r i b u t e d  i n t o  t h e  community a t  approximately 90°F w i t h  r e t u r n  a t  approximately 

80°F: The 'cooler t r a n s p o r t  media a t  t h e  Lower f l u i d  l e v e l s  w i t h i n  the  v e s s e l  

is  e x t r a c t e d  and r e c i r c u l a t e d  through t h e  c i r c u l a t i n g  pumps and t h e  c e n t r a l  

h e a t  pump t o  be thermally "re-charged". The cool ing  tower c i r c u i t  is  e f f ec -  

tdve ly  excluded from the  system i n  t h e  hea t ing  mode through proper va lv ing .  

' .O 
I n  t h e  cool ing  mode, t h e  cooler  t r a n s p o r t  media, approximately 80 F, i s  

ex t r ac t ed  from t h e  lower l e v e l s  of t h e  s t o r a g e  v e s s e l  and d i s t r i b u t e d  i n t o  the  

0 
community. Warm water ,  a t  approximately 90 F, i s  re turned  from t h e  communi.ty 

and dumped i n t o  t h e  thermal s to rage  v e s s e l ,  where i t  immediately s t r a t i f i e s  

according t o  t h e  f l u i d  temperatures w i t h i n  the  v e s s e l .  The warmer m e d i a . i s  

then ex t r ac t ed  from t h e  upper f l u i d  l e v e l s  and c i r c u l a t e d  v i a  t h e  c i r c u l a t i n g  

pumps through the  cool ing  tower where the  excess  thermal energy is  rejec. ted 

i n t o  t h e  .a.tmosphkre. The now-cool media is then r e tu rned  from the  ' cool ing  

tower bas in  t o  t h e  s t o r a g e  v e s s e l  and aga in  made a v a i l a b l e  f o r  d i s t r ' i bu t ion  

167 



i n t o  t h e  community. I n  . t h i s  mode, t h e  c e n t r a l  hea t  pump component is  e f f ec -  

t i v e l y  exclud'ed from t h e  system through proper va lv ing .  

I n  e i t h e r  mode, t h e  end-user hea t  pumps a r e  cycled i n  response t o  i n d i v i -  

dua l  bu i ld ing  loads ,  u t i l i z i n g  t h e  thermal t r a n s p o r t  media a s  a h e a t  source o r  

s i n k ,  a s  app ropr i a t e .  

During mild win te r  condi t ions  and dur ing  t h e  t r a n s i t i o n a l  seasons,  i t  is  

p o s s i b l e  t h a t  s imultaneous hea t ing  and cool ing  may occur  a t  d i f f e r e n t  l o c a t i o n s  

on t h e  system. This  s i t u a t i o n  can b e  expected p a r t i c u l a r l y  when t h e  system 

s e r v e s  a composite s e r v i c e  a r e a , o f  'commercial and r e s i d e n t i a l  s t r u c t u r e s .  

Operation i n  t h i s  mode w i l l  tend t o  b e n e f i t  ?era11 system performance because 

t h e  hea t  r e j e c t e d  i n t o  the  thermal t r a n s p o r t  media dur ing  space cool ing i s  an  . 
' 

e f f e c t i v e  energy a d d i t i o n  which can be u t i l i z e d  a t  o t h e r  l o c a t i o n s  on the  

system. I n  e f f e c t ,  t h e  system w i l l  a c t  t o  t r a n s f e r  unwanted h e a t  from one ' .  

l o c a t i o n  t o  another  where i t  is  r equ i r ed .  

The HP-WHR system c e n t r a l  s t a t i o n  w i l l  b.e s i t e d  on the  grounds of t he  

e x i s t i n g  wastewater t rea tment  f a c i l i t y ,  wi th  t h e  c e n t r a l  s t a t i o n  l ayou t  a s  

i l l u s t r a t e d  on Figure  8.-9. pipifig i n t e rconnec t ion  wi th  t h e  e x i s t i n g  t reatment  

system w i l l  be made i n  such a manner so  a s  t o  enable  t h e  HP-WHR system t o  u t i l i z e  

t h e  f u l l  r e t e n t i o n  capac i ty  of t h e  two ox ida t ion  ditch.components a s  e f f e c t i v e  . . 

warm wastewater s t o r a g e .  

The warm water  d i s t r i b u t i o n  system i n t o  the  community w i l l  be  designed 
5 .  

and routed ks i l l u s t r a t e d  i n  .Figere 8-10. One major d i s t r i b u t i o n  t runk  l i n e  

w i l l  be roufed ou t  of t h e  southwest corner  of t h e  c e n t r a l  plant lsewage t r e a t -  

ment p l a n t  s i t e  and i n t o  t h e  Zone .1 s e r v i c e  a r e a .  A second d i s t r i b u t i o n  t runk  

l i n e  w i l l  be  routed  from t h e  southeastern corner  of the  s i t e ,  s k i r t i n g  the  

boundaries of t h e  undeveloped Zone 2 ,  and i n t o  t h e  p a r t i a l l y  developed Zone 3 .  
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This  l i n e  w i l l  be  a p p r o p r i a t e l y  s i z e d  t o  handle  t h e  f u l l  bui ld-out  p o t e n t i a l  

of both zones. Feeder l i n e s  f o r  each zone a r e  s p e c i f i e d  and rou ted  a s  pe r  

t y p i c a l  water  d i s t r i b u t i o n  system des ign  p r a c t i c e .  

System des ign  and component s p e c i f i c a t i o n  f o r  t h e  Conyers HP-WHR system 
, "! . , 

i s  presen ted  i n  t h e  fo l lowing  r e p o r t  s e c t i o n s .  

, > ,  

8.3 .1  SYSTEM DESIGN CALCULATIONS 

The major components comprising t h e  HP-WHR system which a r e  t o  be spec i -  

f ' ied i n  a  system development s tudy inc lude  t h e  c e n t r a l  h e a t  pump, t h e  thermal 

s t o r a g e  v e s s e l ,  t h e  coo l ing  tower, a u x i l i a r y  pumps, and end-user h e a t  pumps. 

However, s i n c e  f o r  any system the  end-user hea t  pump s p e c i f i c a t i o n  w i l l  be  

n e c e s s a r i l y  s t r u c t u r e - s p e c i f i c ,  s i z i n g  of those  components w i l l  n o t  be addressed 

i n  t h i s  r e p o r t  s e c t i o n .  The remainder of t h e  major component des ign  calcu-  

l a t i o n s  a r e  presen ted  i n  t h e  fo l lowing  paragraphs.  

Cen t r a l  Heat Pump 

The c e n t r a l  h e a t  pump w i l l  be s p e c i f i e d  t o  d e l i v e r  t h e  es t imated  average 

d a i l y  hea t ing  requirement dur ing  t h e  peak hea t ing  month of January. .The 

equ iva l en t  load on t h e  c e n t r a l  heat pump i s  determined by f i r s t  c a l c u l a t i n g  

t h e  hea t  t o  be e x t r a c t e d  from t h e  wastewater f low through the  fo l lowing  

equa t ion  : 

- - 1 
%as tewater  I IQheat req  ' d (1- C . 0 . P . end-user > 1 

I x (1- C.O.P. 
c e n t r a l  hea t  pump 

I 

DAYS I N  PERIOD 



S u b s t i t u t i n g  t h e  f o l l o w i n g  v a l u e s :  

'heat r e q ' d  ' 

9 . . .  
= 2.915 x 1 0  Bfu-from Table  8-2 

C.O.P. " 2.9 - s e l e c t e d  as a median v a l u e -  f o r . t h e  h e a t i n g  end-user 
performance of t h e  hydron ic  u n i t s  a s s e s s e d  
i n  Reference 7 

C.O.P. c e n t r a l  h e a t  pump = 4.5-from t h e  C.O.P. v s .  Capac i ty  Curve of Refe rence  5 

. . Thus, 

- - L . 7  Y .  2 

R a s t e w a t e r  3 1 

Thermal s t o r a g e  w i l l  b e  p rov ided  i n  t h e  sys tem i n  o r d e r  t o  lower t h e  

nominal  peak l o a d  s e e n  by t h e  c e n t r a l  s t a t i o n  equipment.  Thus, t h e  c e n t r a l  

h e a t  pump w i l l  be  s i z e d  t o  p r o v i d e  t h e  above h e a t i n g  requ i rement  o v e r  1 8  h o u r s ,  

o p e r a t i n g  a t  nominal f u l l  l o a d .  Opera t ion  on t h i s  b a s i s  y i e l d s :  

47.92 x 1 0  
6 

Heat E x t r a c t i o n  Rate = 
18 

C o n d i t i o n s  a t  t h e  c e n t r a l  h e a t  pump e v a p o r a t o r  d i c t a t e  wastewater  i n t a k e  

a t  6 2 ' ~  (from s e c t i o n  8 .2 .8)  and a AT d rop  of 1 0 ' ~ .  Thus, t h e  r e q u i r e d  waste,- 

w a t e r  f low rate is  de te rmined  by t h e  e q u a t i o n  below: 

HER 
Flow Rate = 

(8 .33  z) (60 min) ( 1 0 ' ~ )  (1 .0  Btu 
g a l  h r  lbm-OF) 

= 532 GPM 



A t  t h i s  p o i n t  i t  may be  noted t h a t  t h e  r equ i r ed  wastewater flow r a t e  

exceeds t he  average ins tan taneous  flow through t h e  t rea tment  p l a n t  - 432 GPM 

(0.623 MGD/(24)(60)). However, i t  should be r e i t e r a t e d  t h a t  c e n t r a l  hea t  

pump ope ra t i on  i s  spec i f ied .  t o  provide t h e  average d a i l y  load over a n  1 8  hour 

pe r iod . and  tha. t  t h e  r e s u l t i n g  d a i l y  r equ i r ed  flow i s  then 0.574 MGD (532 GPM x 

60 x  18 ) .  The a d d i t i o n a l  flow - 100 GPM average dur ing  c e n t r a l  h e a t  pump 

ope ra t i on  - can be ob ta ined  when necessary  through pulldown of t he  thermal 

supply medium - wastewater - from t h e  r e t e n t i o n  c a p a c i t y  of t h e  ox ida t ion  

d i t c h  components of t h e  wastewater t rea tment  f a c i l i t y .  

Two o the r  op t ions  f o r  c e n t r a l  h e a t  pump ope ra t i on  a l s o  e x i s t  which would 

a l l e v i a t e  t h e  apparen t  f low r a t e  mismatch. The f i r s t  op t ion  would r e q u i r e  

supply ing  t h e  es t imated  average d a i l y  hea t ing  requirement over a  longer  per iod  

of opera t ion .  I f  t h e  des ign  flow r a t e  of wastewater through t h e  c e n t r a l  h e a t  

. pump evapora tor  i s  reduced t o  t h e  average f low f i g u r e  of 432 GPM, t h e  necessary 

6  hea t  e x t r a c t i o n  r a t e  would be reduced t o  2.16 x 10  Btu/hr ,  and t h e  t i m e  of 

ope ra t i on  would be  increased  t o  approximately 22 hours .  

The second op t ion  would involve  spec i fy ing  a  s l i g h t l y  l a r g e r  AT a c r o s s  

6  t he . euapora to r .  ' A t  t h e  c a l c u l a t e d  hea t  e x t r a c t i o n  r a t e  of 2.66 x  10. ~ t u / h r  

( f o r  18 bour.operation) and u t i l i z i n g  t h e  average flow f i g u r e  of 432 GPM, 

t h e  r equ i r ed  AT is  found t o  be 12 .   OF, obviously w i t h i n  t h e  range of reasonable  

ope ra t i on  f o r  t he  type machine being considered f o r :  s e r v i c e .  

It is  expected,  however, t h a t  s p e c i f y i n g  t h e  c e n t r a l  h e a t  pump evapora tor  

6  f o r  t h e  e x t r a c t i o n  r a t e  of 2.66 x  10 Btu/hr  and flow r a t e  of 532 GPM w i l l  

. provide an  a p p r o p r i a t e l y  conserva t ive  des ign .  

The ope ra t i ng  parameters  a t  t h e  condenser can be  def ined  through s i m i l a r  

. . c a l c u l a t i o n s :  



, ' Heat Rejec t ion  Rate = 
HER + C.O.P. 

6 1 
= 2.66 x 10  ( 1  + =) 

System c i r c u l a t i n g  water  i n t a k e  t o  t h e  condenser w i l l  be a t  8 0 " ~  and a rise 

0 
of 1 0  F w i l l  . be  achieved a c r o s s  t h e  h e a t  exchanger. 

Plow Rate = 
HRR 

(8.33) (60) (10) (1.0) 

= 650 GPM 

The compressor f o r  t h e  c e n t r a l  s t a t i o n  u n i t  w i l l  r e c e i v e  s h a f t  power from 

a n  electr ic motor d r i v e ;  performance w i l l  be  on t h e  fo l lowing  b a s i s :  

1 
Wc = (HER) (C.o.p 1 

' c e n t r a l  h e a t  pump 
Btu 

3413 - 
KWH 

The c e n t r a l  h e a t  pump w i l l  be  cons t ruc t ed  w i t h  shell-and-tube condenser 

and evapora tor  and a c e n t r i f u g a l  compressor. The h e a t  pump w i l l  have approxi- 

' 
mately the'same p h y s i c a l  dimensfons and appearance a s  a nominal 250 ton  cen-. 

i . i 

t r i f u g a l  water  c h i l l e r  used i n  a i r  cond i t i on ing  a p p l i c a t i o n s .  Due t o  t h e  

comparat ively low c a p a c i t y  requirement  f o r  t h e  c e n t r a l  s t a t i o n  machine, one 

u n i t  w i l l  be  s p e c i f i e d  t o  s e r v e  t h e  f u l l  requirements  of t h e  HP-WHR system. 

The r e l i a b i l i t y  of t h i s  type machine i s  t y p i c a l l y  high;  however, thermal storagc 



w i l l  be a p p r o p r i a t e l y  s i z e d  t o  provide  e f f e c t i v e  back-up capac i ty  i n  t h e  event  

of c e n t r a l  h e a t  pump f a i l u r e .  

Thermal S torage  

.. In spec t ion  of t h e  wastewater f low cyc l e  a t  t h e  s u b j e c t  coVyers t rea tment  

p l a n t  (presen ted  i n  s e c t i o n  8.2.8) r e v e a l s  t h a t  t h e  c h a r a c t e r i s t i c  low flow 

per iod  dur ing  t h e  seven-day f low cyc l e  had an approximate 60 hour du ra t i on .  

I n  o rde r  t o  provide adequate  thermal  energy supply c a p a c i t y  f o r  t h e  system 

dur ing  t h e s e  low f low pe r iods ,  t h e  thermal  ' s torage component w i l l  be  s i z e d  f o r  

a  nominal 72 hour pe r iod  (making an  allowance f o r  a  + 20% va r i ance  i n  d u r a t i o n  

from t h e  f low cyc l e  documented i n  s e c t i o n  8.2.8) under January hea t ing  demand 

cond i t i ons .  The nominal 72 hour capac i ty  w i l l  a l s o  provide  an  adequate  

downtime "window" f o r  t h e  central .  h e a t  pump i n  the  event  of a  f a i l u r e  r equ i r -  

i ng  emergency r e p a i r s  o r  f o r  necessary  scheduled maintenance. 

Allowable temperature  pulldown w i t h i n  t h e  v e s s e l  w i l l  be designed a t  40 '~ .  

The primary cons ide ra t i on  i n  d e f i n i n g  t h i s  range is  t h e  e f f e c t  on end-user 

h e a t  pump performance. According t o  t h e  equipment assessment of Reference 7, 

fhe.performance of a  hydronic hea t  pump, w i t h  nominal C.O.P. of 2.910 a t  

Standard A R I  r a t i n g  cond i t i ons  ( t h e  f i g u r e  prev ious ly  u t i l i z e d  I n  a s s e s s i n g  

c e n t r a l  h e a t  pump thermal  loads)  improves t o  a  C.O.P. of 3.084 a t  the W-WHR 

0 
des ign  cond i t i on  of 90 F supply water .  Conversely, a s  supply water  temperature  

drops t o  t h e  des ign  lower l i m i t  of 5o0I?, C .O .P. drops only t o  2:852. Therefore ,  

i t  is  expected t h a t  t h e  4 0 ' ~  pulldown w i l l  provide more than adequate thermal  

s t o r a g e  capaci ty , ,  and t h a t  du r ing  a l l  bu t  t h e  peak hea t ing  per iod ,  end-user 

h e a t  pump performance w i l l  equa l  o r  exceed t h e  nominal 2.91 C.0 .P. 
' 

The phys i ca l  capac2ty of t h e  thermal  s t o r a g e  component i s  computed a s  



fo l lows  : 

9 1 
- - (2.915 x 10  B tu ) ( l -  -) 

Qthennal  s t o r a g e  . 
2.9 x 7 2 h r s  

744 h r s  

6 
= 185..16 x 10 Btu 

6 
185.16 x .10 Btu 

Mwater s t o r a g e  = ~ t u  
(40°N (1.0 L b m - ? ~  1 

= 4,628,908 Lbm 

= 555,691 GALLONS 

= 74,300 F T ~  

This necessary  capac i ty  w i l l  be provided i n  t h e  form of two .square 

. t a n k s  wi th  dimensions of 45' x 45' x 201(depth) .  The v e s s e l s  w i l l  be  f i e l d  

cons t ruc ted  of s t e e l  r e in fo rced  c 'oncrete.  I n s t a l l a t i o n  w i l l  be  p a r t i a l l y  

below grade wi th  t h e  exposed v e r t i c a l  su r f aces  being e a r t h  bermed f o r  improved 

h e a t  r e t e n t i o n .  

Cooling Tower 

The cool ing  tower component of t h e  Conyers HP-WHR system w i l l  be  s p e c i f i e d  

t o  d i s s i p a t e  . the  average d a i l y  h e a t  g a i n  on t h e  system during the  peak cool ing  

month of J u l y ,  a s  determined below:, 
1 

3 1 

6 
*heat ing C.O.P. of 

= 98.28 x 10 BTU/DAY s u b j e c t  hydronic u n i t  
= 2.91, cool ing  C.O.P. 
= 2.53; from Reference ' 



The r equ i r ed  hea t  r e j e c t i o n  r a t e  w i l l  be determined on t h e  b a s i s  of 1 8  

hours  ope ra t i on  per  day a t  nominal f u l l  l oad ,  thus:  

0 
System ope ra t i ng  parameters  d i c t a t e  a 10  F temperature  drop i n  t h e  c i r cu - ,  

l a t i n g  water .  Required cool ing '  tower f low is  then .  determined as.: 

Mkooling tower 

. . 

6 Btu 
5.46 x 10  

LBM M I N  BTU (8.33 =) (60 (lo°F) ( 1  10 - 0 
LBM- F 

= 1092 GPM 

A modular, pre-constructed tower w i t h  a  nominal f low r a t i n g  of 1200 GPM 

a t  t h e  r equ i r ed  lo°F TD w i l l  be s e l e c t e d .  Fan horsepower w i l l  be  30 HP. 

Auxi l ia ry  Pump,s 

The t h r e e  pump func t ions  on t h e  HP-WHR system w i l l  be  s p e c i f i e d  as '  

d i scussed  below: 

Wastewater pumps w i l l  be  v a r i a b l e  speed types ,  each capable  of d e l i v e r i n g  

t o t a l  r equ i r ed  f low a t  des ign  p r e s s u r e  drops .  The flow r a t e  r equ i r ed  f o r  each 

pump i s  535 GPM'at an  es t imated  dynamic head of 60 f t .  of water .  This  head 

r a t i n g  makes adequate  allowance f o r  p ip ing  and c e n t r a l  s t a t i o n  P e a t  exchanger 

p re s su re  drops.  

C i r cu l a t i ng  pumps w i l l  each be s i z e d  f o r  one ha l f  of t h e  t o t a l  requi red  

£low of 600 GPM. Pump head r equ i r ed  w i l l  be  approximately 90 f t .  of w a t e r .  

D i s t r i b u t i o n  pumps w i l l  each be s i z e d  f o r  one ha l f  of t h e  t o t a l  r equ i r ed  



f low t o  t h e  end-users.. One pump w i l l  be a v a r i a b l e  speed type.  .The t o t a l  flow 

through the  d i s t r i b u t i o n  system w i l l  be  based on s e r v i n g ' t h e  h e a t  d i s s i p a t i o n  

0 
.requirements a t  peak condi t ions  wi th  a 10 F temperature rise. Based on a 

nominal h e a t  r e j e c t i o n  reqGTrement of 16,740 Btu per  ton  of a i r  condi t ion ing ,  

t h e  requi red  f low r a t e  f o r  a  782 ton  peak load is  2618 GPM.. (Heating season 

peak flow requirement is  approximately 1350 GPM.) T o t a l  pumping head a t  

peak f low w i l l  be 500 f t .  of water .  This  head inc ludes  allowances f o r  end-user 

system and d i s t r i b u t i o n  system pip ing  p re s su re  drops.  

Dis . t r ibu t ion  P ip ing  

The r equ i r ed  c i r c u l a t i n g  water  flow r a t e s  a t  peak load w i l l  determine 
. . 

d i s t r i b u t i o n  p i p e l i n e  s i z i n g .  Peak hea t ing  and cool ing  loads  f o r  each zone 

a r e  f i r s t  'determined through t h e  procedures  ou t l i ned  i n  s e c t i o n  8.2.7 and 

u t i l i z i n g  t h e  a p p r o p r i a t e  zonal  d a t a  from t h e  computer a n a l y s i s .  The requi red  

flow r a t e s  per  zone are then  c a l c u l a t e d  and p ip ing  s i z e s  a r e  s e l e c t e d  t o  y i e l d  

proper l i n e  v e l o c i t i e s  and accep tab le  p re s su re  drops.  . 

ZONE R-1 

6  1 
I(3.729 x 10 ) (1- m) 1 (53) 

PEAK HEATING LOAD = 
(701) (24) 

PEAK COOLING LOAD = 
(55,000 f t L )  (16,740 Btu/hr)* 

550 F ~ ~ / P E A K  A-c TON 

6 
= 1.67 x 10 . Btu/hr *Heat Rejec t ion  Rate based 

on the  2.53 cool ing C.O.P. 
of t he  s u b j e c t  hydronic 
u n i t .  



= 154 GPM 

= 334 GPM 

ZONE R-2 

9 1 
[(1 .22 x 1 0  ) ( I -  ~ ) 1 . ( 5 3 )  

PEAK HEATING LOAD = 
(701) (24) 

PEAK COOLING LOAD = 
(180,000)(16,740)  

550 

= 504 GPM 

= 1096 GPM 

ZONE R-3 

3 1 [(. l .32 x 1 0  ) ( I -  -)I (53) 
PEAK;*HEATING LOAD = ( 1 )  (24) 

6 
= 2.72 x 1 0  ~ t u / h r  

c195, O O O M ,  740) 
PEAK COOLING LOAD = - 550 



= 544 GPM 

= 1188 GPM 

Obviously, t h e  c i r c u l a t i n g  water  flow r a t e s  i n t o  each zone during ' t he  

' 

coo l ing  mode w i l l  be  t h e  governing c r i t e r i a  i n  d i s t r i b u t i o n  p ipe  s i z e  s e l e c t i o n ,  

P ipe  s i z e s  and the ' co r r e spond ing  flow r a t e s ,  v e l o c i t i e s ,  and p re s su re  drops 

. . 
f o r  each d i s t r i b u t i o n  system p ip ing  segment a r e  presen ted  i n  Table  8-5.. 

TABLE 8-5:. 
DISTRIBUTION PIPING SPECIFICATIONS 

LOCATION 

Trunk Line  

FLOW RATE PIPE SIZE VELOCITY . PRESSURE DROP 
(GPM) (INCHES) FP S (PSI/100 FT) 

Zone R-2 & R-3 2284 12" 6.48 .40 
Trunk 

Zone R-2 Feeder 1096 10 " 4.47 .25 

Zone R-3 Feeder 1188 10" 4.85 

Zone R-1 Feeder 334 5" 5.46 .90 

8.3.2 SYSTEM COMPONENT DESCRIPTIONS 

i 8 

The Heat Pump Waste Heat kecovery Systems analyzed i n  t h i s  r e p o r t  a r e  

composed of s t anda rd  HVAC components commonly used by t h e  r e s i d e n t i a l ,  commercial 

and i n d u s t r i a l  s e c t o r s .  Some s p e c i a l  t e s t i n g  and performance r a t i n g  may be 

necessary  where t h e  intended HP-WHR a p p l i c a t i o n  parameters  exceed t h e  normal 



ope ra t i ng  range of t h e  s p e c i f i c  equipment involved .  A b r i e f  d e s c r i p t i o n  of 

each component fol lows:  

Cen t r a l  Heat' Pump 

The c e n t r a l  hea t  pump i s  a  package u n i t  i nc lud ing  compressor and e l e c t r i c  

d r i v e ,  hea t  exchangers,  ope ra t i ng  and s a f e t y  c o n t r o l s ,  i n t e r connec t ing  p ip ing  

and r e f r i g e r a n t  charge. Unit cons t ruc t ion  and performance w i l l  conform t o  

t h e  A R I  Standard f o r  c e n t r i f u g a l  water c h i l l e r s  accepted by t h e  a i r  condi t ion ing  

indus t ry .  

The evapora tor  and condenser w i l l  each be  of s h e l l  and tube  cons t ruc t ion .  

Water box covers  should be of t h e  "marine1' type s o  t h a t  removal f o r  tube 

c l ean ing  and replacement may be e a s i l y  accomplished. The h e a t  exchanger 

tubes should be seamless copper and w i l l  be  i n d i v i d u a l l y  rep1ac;e'abde. :.:The 

compressor s e l e c t e d  f o r  s e r v i c e  is of c e n t r i f u g a l  des ign  wi th  hermetic  e l e c t r i c  

motor d r i v e .  Var iab le  i n l e t  guide vanes a t  t h e  compressor i n l e t  a r e  used t o  

modulate u n i t  c apac i ty  by vary ing  r e f r i g e r a n t  flow. Screw o r  r e c i p r o c a t i n g  

. . 
compresso.rs may be considered f o r  o t h e r  a p p l i c a t i o n s .  The motor used f o r  t h e  

compressor d r i v e  i s  a  squ i r r e l - cage  i nduc t ion  type  ope ra t i ng  a t  cons t an t  speed. 

The mtj  t o r  w i l l  b e  r e f  r j -geran t  cooled. 

Coolkng Tower 

The coo l ing  towers chosen a r e  of t h e  induced d r a f t ,  p r e f a b r i c a t e d  type.  

They w i l l  be mounted on f i e l d  e r e c t e d  s t r u c t u r a l  s teel  suppor.ts i n s t a l l e d  

over t h e  thermal  s t o r a g e  b a s i n s .  The tower des ign  w i l l  i nc lude  non-combustible 

casing '  and f i l l , ' . l o w e r  c o l l e c t i o n  bas in ,  d i s t r i b u t i o n  headers  and an  e l e c t r i c -  

d r i v e  f a n  assembly. 



Pumps -. 

D i s t r i b u t i o n  system pumps w i l l  be  t h e  h o r i z o n t a l ,  s p l i t - c a s e  type.  Pump 

components should be s e l e c t e d  f o r  long l a s t i n g  s e r v i c e .  Recommended m a t e r i a l s  

a r e  bronze and s teel  a l l o y s  commonly used f o r  water  pumping service. The pumps. 

w i l l  ' b e  d r iven  by v a r i a b l e  speed e l e c t r i c  motors.  

C i r c u l a t i n g  pumps used w i t h i n  t h e  c e n t r a l  h e a t  recovery p l a n t  w i l l  be 

t h e  h o r i z o n t a l ,  s p l i t - c a s e  type o r  end-suct ion type depending on t h e  manu- 

f a c t u r e r .  Pumps f o r  t h i s  s e r v i c e  would be s i m i l a r  t o  pumps used f o r  condenser 

water  s e r v i c e  i n  ' t y p i c a l  hea t ing  and a i r  condi t ion ing  app l i ca t i ons . ,  

Pumps d e l i v e r i n g  wastewater e f f l u e n t  t o  t h e  c e n t r a l  hea t  recovery system 

should be of t h e  v e r t i c a l  t u r b i n e  type  f o r  sewage pumping s e r v i c e .  A non-clog- 

g ing  impe l l e r  should be  s p e c i f i e d  and t h e  i n l e t  t o  t he  s u c t i o n  of t h e  pump 

should be p r o t e c t e d  by a  s u c t i o n  s t r a i n e r .  I n  some c a s e s  t h e  pump w i l l  

r e q u i r e  v a r i a b l e  speed motor d r i v e .  . 

Thermal .Storage 

The t h e r m a l . s t o r a g e  device  w i l l  c o n s i s t  of a c y l i n d r i c a l  o r  r ec t angu la r  

tank l o c a t e d  s chema t i ca l l y  between t h e  c e n t r a l  h e a t  pump and t h e  d i s t r i b u t i o n  

system. I t  w i l l  be  cons t ruc t ed  of s t e e l  r e in fo rced  concre,te and be l oca t ed  

p a r t i a l l y  below ground l e v e l .  The p o r t i o n s  above ground w i l l  be e a r t h  bermed.' . 

f o r  s t r u c t u r a l  suppor t  and t o  r e t a r d  h e a t  l o s s .  The v e s s e l  w i l l  be i n s u l a t e d  . '  

wi th  314 inch styrofoam shea th ing  and w i l l  be covered t o  r e t a r d  water  s u r f a c e  
' 

h e a t  l o s s  and evapora t ion .  A pip ing  and va lve  arrangement w i t h i n  t h e  v e s s e l  

w i l l  s e rve  t o  makeuse--of temperature  s t r a t i f i c a t i o n  w i t h i n  t h e  v e s s e l  t o  

provide  a p p r o p r i a t e  temperature  supply water  t o  t he  d i s t r i b u t i o n  system o r  



r e t u r n  w a t e r . t o  t h e  c e n t r a l  hea t  pump u n i t .  

Control  Systems 

Automatic c o n t r o l s  f o r  t h e  Heat Pump-Wastewater Heat Recovery Systems 

w i l l  be pneumatic o r  e l e c t r i c  types  commonly found i n  i n d u s t r i a l  and commercial 

u se  f o r  temperature and p re s su re  measurement and va lve  ope ra t i on .  The l i m i t e d  

number of ope ra to r  f u n c t i o n s  involved w i l l  probably make a n  e l e c t r i c  c o n t r o l  

system t h e  most economic choice .  . : 

Water Treatment System 

A water  t rea tment  system t o  e l i m i n a t e  s c a l e  build-up and c o n t r o l  

bac t e r io log i ca l "g rowth  w i l l  be  i nco rpo ra t ed  i n t o  t h e  d i s t r i b u t i o n  water  

system. Packaged systems f o r  p r o p o r t i o n a l  chemical feed ing  and p e r i o d i c  

conduc t iv i t y  a n a l y s i s  a r e  commonly used wi th  r e f r i g e r a t i o n  condenser systems 

and a r e  s i m i l a r  t o  t h e  type  which w i l l  be used wi th  t h e  HP-WHR system. 

P i ~ i n a  Svstem ( a t  Cen t r a l  P l a n t )  

System p ip ing  w i t h i n ' t h e  c e n t r a l  h e a t  recovery p l a n t  w i l l  be  seamless 

b lack  steel.  Connections t o  equipment w i l l  be  made w i t h  f l a n g e s  o r  removable 

r i n g  type connectors .  Valves and p ip ing  a c c e s s o r i e s  w i l l  be iron-bodied types 

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

F ip ing  System ( D i s t r i b u t i o n )  

The d i s t r i b u t i o n  sys,tem p ip ing  w i l l  be  c o n s t r u c t e d , o f  PVC p re s su re  p i p e  

s i m i l a r  t o  t h e  types  used i n  po t ab l e  water  d i s t r i b u t i o n  systems. J o i n t s  w i l l  

be made by s o l v e n t  cementing o r  a  mechanical b e l l  and gaske t  connect ion.  The 



use  of p l a s t i c  p ip ing  m a t e r i a l  w i l l  e l i m i n a t e  ga lvan ic  co r ros ion  problems and 

s i m p l i f y  i n s t a l l a t i o n .  Add i t i ona l ly ,  t he  p l a s t i c  sys tem,  should o f f e r  lower 

pumping r e s i s t a n c e  than  o the r  m a t e r i a l s .  

8.3.3 EXPECTED PERFORMANCE 

I n  o rde r  t o  develop an  e s t i m a t e  of o v e r a l l  system performance which would 

a l s o  take i n t o  account  the  va r i ances  i n  C.O.P. which r e s u l t  from se rv ing  t h e  

c o n t i n u a l l y  changing thermal  l o a d s ' d u r i n g  an  annual  cyc le ,  an e s t ima te  of 

system performance f o r  each'month of a  t y p i c a l  year  was made. The e s t ima t ing  

procedure involved t a l l y i n g  a l l  energy i n p u t s  t o  t he  system, i nc lud ing  c e n t r a l  

h e a t  pump power, pump work, cool ing  tower f a n  work, system a u x i l i a r i e s  power, 

and end-user h e a t  pump power, and comparing t h a t  t o t a l  ( i n  Btu equ iva l en t s )  t o  

t h e  n e t  hea t ing  o r  cool ing  e f f e c t  provided t o  t he  s t r u c t u r e s  w i t h i n  t h e  

system s e r v i c e  a r e a .  Est imat ing t h e  monthly performance i n  t h i s  manner revealed 

system performance i n  t h e  peak hea t ing ,  peak coo l ing ,  and s imultaneous hea t ing  

and cool ing  modes. Es t imates  of i n s t an t aneous  performance were no t  attempted 

s i n c e  thermal s t o r a g e  w i t h i n  t h e  system a l lows  f o r  averaging of abso lu t e  peak 

cond i t i ons .  The.energy consumption f i g u r e s  presen ted  i n  t h e  performance a n a l y s i s  

a r e  considered t o  be  conse rva t ive  s i n c e  t h e  l e v e l  of a n a l y s i s  app rop r i a t e  t o  

a  pre l iminary  s tudy  could no t  t ake  i n t o  account  ope ra t i ng  v a r i a b l e s  such a s  

t h e  e f f e c t s  of vary ing  condenser water  temperature  below des ign  cond i t i ons  o r  1 

higher  than average  temperatures  a t  t h e  thermal  .source dur ing  t h e  hea t ing  season.  

The g e n e r a l  assumptions i n  e f f e c t  f o r  t h e  . performance . a n a l y s i s  a r e  a s  

fo l lows  : 

D i s t r i b u t i o n  Media Temperatures 

HEATING MODE COOLING MODE 

9d°F 8 0O.T Supply 

Return 80°F 90°F 



Pump Work 

Pump work f o r  a l l  subsystems was es t imated  a s  the  work r equ i r ed  t o  t r a n s f e r  

t he  necessary  q u a n t i t i e s  of thermal  energy a t  t he  app rop r i a t e  temperatures  and 

pressures .  D i s t r i b u t i o n  pump work was es t imated  on t h e  b a s i s  of supplying t h e  

r equ i r ed  heacing o r  cool ing  e f f e c t s  a t  t h e  s p e c i f i e d  AT of l o O y  by main ta in ing  

a cons t an t  head on t h e  system and .varying flow p r o p o r t i o n a t e l y  w i th  thermal 

l oad .  A l l  pump e f f i c i e n c i e s  w e r e  assumed t o  be  65%. 

Cooling Tower Work 

The cool ing  tower was assumed t o  o p e r a t e  a t  f u l l  load  (as  pe r  des ign  

spec i f i ca t i ons )  t o  d i s s i p a t e  t h e  es t imated  monthly h e a t  ga in .  No allowance 

was made f o r  improved tower performance due t o  decreased ambient w e t  bulb 

temperature .  

End-User Heat Pumps 

End-user equipment was assumed t o  ope ra t e  a t  t h e  nominal hea t ing  and 

cool ing  C.O.P.'s of 2.91 and 2.53, r e s p e c t i v e l y  (from Reference 7 ) .  

The r e s u l t s  of t h e  monthly performance a n a l y s i s  a r e  summarized i n  Table 

8-6 below. The f u l l  a n a l y s i s  and c a l c u l a t i o n a l  procedures  a r e  presen ted  i n  

Appendix C .  

TABLE 8-6 
CONYERS HP-WHR SYSTEM PERFORMANCE 

Heating Btu Cooling Btu C e n t r a l  P l a n t  End-User 
~ e l i v e r e d  t o  Space Del ivered t o  Space Energy Input Energy Input  SYSTEM 

x lo9  x 109 KWH KWH C.O.P. 

Jan.  2.915 
Feb . 2.335 
March 1.845 
A p r i l  0.593 
May 0.116 
June 0 

(Table 8-6 Cont 'd) 



TABLE 8-6 (Cont 'd)  

J u l y  
Aug . 
Sep t . 
Oct .  
Nov . 
Dec, 

Hea t ing  Btu Cooling Btu C e n t r a l  P l a n t  End-User 
De l ive red  t o  Space Del ive red  t o  Space Energy I n p u t  Energy I n p u t  System 

x l o 9  x l o 9  . KWH KWH C.O.P. 

TOTAL 

With t h e  monthly sys tem performance t h u s  d e f i n e d  f o r  each  month d u r i n g  

t h e  a n n u a l  c y c l e ,  t h e  o v e r a l l  sys tem C.O.P. can  b e  e a s i l y  d e r i v e d .  Consider-  

i n g  t h e  sys tem as a  "black-box," i t s  performance can  b e  determined by t h e  

e x p r e s s i o n  

C.O.P. = 
Q o u t  

'in 
x  3413 

where 

Qou t 
= h e a t i n g  o r  c o o l i n g  e f f e c t  p rov ided  by t h e  sys tem,  Btu ' 

W . .  = work i n p u t  t o  t h e  sys tem,  KWH I n  

Thus, s u b s t i t u t i n g  from Table  8-6: 



COMPONENT ENERGY USE 

I n  o rde r  t o  i d e n t i f y  t h e  a r e a s  of energy usage on t h e  W-WHR system 

which would b e n e f i t  system performance t h e  most through decreased consumption, 

t h e  performance a n a l y s i s  a l s o  included a  breakdown of i n d i v i d u a l  component 

energy usage. Ove ra l l  c e n t r a l  p l a n t  power consumption was f i r s t  analyzed 

and plo ' t ted a s  i l l u s t r a t e d  i n  Table  8-7 and Figure 8-11. Consumption w a s  

then f u r t h e r  broken down according t o  i n d i v i d u a l  components, a s  summarized i n  

Table 8-8. 

.It is apparen t  from t h e  component a n a l y s i s  and from t h e  monthly consump- 

t i o n  f i g u r e s  presen ted  i n  Appendix C t h a t  system performance i s  seve re ly  

pena l ized  by a u x i l i a r i e s  such a s  pumps and coo l ing  towers.  Obviously then,  

t h i s  a r e a  of energy consumption e x h i b i t s  t h e  p o t e n t i a l  f o r  improvement i f  

equipment o f f e r i n g  b e t t e r  than average ope ra t i ng  e f f i c i e n c i e s  can be econom- 

i c a l l y  s p e c i f i e d .  

By f a r  t h e  l a r g e s t  energy u s e r  on t h e  system i s  t h e  c o l l e c t i v e  end-user 

hea t  pump. Pro to type  hydronic hea t  pumps which o f f e r  nominal C.O.P.'s i n  

t h e  4 .0  - 5.0 range ( a s  opposed t o  t h e  2.91 assumed f o r  t h e  a n a l y s i s )  a r e  

c u r r e n t l y  under development and show v a s t  p o t e n t i a 1 , ' i f  incorpora ted  i n t o  t h e  

W-WHR system, t o  improve system performance by decreas ing  end-user h e a t  pump 

energy consumption whi le  d e l i v e r i n g  t h e  same thermal load .  

F i n a l l y ,  i n  a c t u a l  p r a c t i c e  some improvement i n  performance may be  gained 

' 

through ope ra t i ng  p r a c t i c e s  such a s .  producing water a t  h igher  o r  lower than 

. des ign  Ceinperatures a t  nominal c e n t r a l  h e a t  pump f u l l  l oads  dur ing  off-peak 

hours  i n  o rde r  t o  "charge" t h e  thermal  s t o r a g e  component of the ' . system. 
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TABLE 8-8 
CONYERS HP-WHR SYSTm 

ANNUAL COMPONENT ENERGY USE 

PERCENT OF PERCENT OF 
ITEM ENERGY USE CENTRAL PLANT SYSTEM 

KWH 

D i s t r i b u t i o n  Pumps 141,056 1 8 . 5  4 .6  

C i r c u l a t i n g  Pumps 128,812 16 .9  4 .2  

Sewage Pumps 24,011 3 . 1  0 . 8  

Cool ing Tower 48,807 6 - 4  1 . 6  

Misc. E l e c t r i c a l  12 ,000  1 . 6  0 .4  

C e n t r a l  Heat Pump 408,242 53.5  

C e n t r a l  P l a n t  T o t a l  . 762,928 100.0 24.9 

End-user Heat Pumps 2 ,311,124 

System T o t a l  3 ,074,052 KWH 



ENERGY CONSERVATION POTENTIAL 

The Heat Pump-Wastewater Heat Recovery System shows t h e  p o t e n t i a l  t o  

favorab ly  a l t e r  t he  e x i s t i n g  energy use p a t t e r n s  w i t h i n  a community and t o  

promote t h e  o v e r a l l  conserva t ion  of primary energy sources .  I n  . ,  t he  . case  of 

. .  t he  Conyers community, t h e  e x i s t i n g  energy use  p a t t e r n  shows a r e l i a n c e  on 

e l e c t r i c  energy f o r  coo l ing . and  n a t u r a l  gas  f o r  hea t ing .  E s s e n t i a l l y  a l l  end- 

u s e r s  w i t h i n  t he  pnoposed HP-WHR system s e r v i c e  a r e a  now e x h i b i t  t h i s  energy 

usage p a t t e r n .  

The energy consumed on - s i t e  by t h e  convent iona l  space cond i t i on ing  sys-  

tems i n  meeting t h e  hea t ing  and cool ing  requirements  p ro j ec t ed  by t h e  computer- 

i z ed  load  e s t i m a t e  was f i r s t  c a l c u l a t e d .  The assumptions were t h a t  hea t ing  

requirements  were met w i th  n a t u r a l  gas  f i r e d  furnaces  ope ra t i ng  a t  a 65% 

.dr iven  e f f i c i e n c y  and t h a t  cool ing  requirements  w e r e  met wi th  e l e c t r i c a l l y  

d r iven  a i r - cond i t i on ing  u n i t s  w i t h  C.O.P. ' s  of 2.0. Based on these  assump- 

t i o n s  t h e  convent iona l  systems consume annual ly  t h e  fol lowing amounts of 

energy : 

Cooling  eat i n g  

Zone R-1 161,148 KWH 25,385 THERMS 
Zone R-2 527,395 KWH . 83,077 THERMS 
Zone R-3 571,345 KWH 90,000 THERMS 

TOTh 1,259,888 KWH 198,462 THERMS 

The above t o t a l s  compare t o  t h e  annual  t o t a l  HP-WHR system energy requi re -  

ment of 3,074,052 KWH (from Table 8-8). I t  is  duly  noted t h a t  t he  HP-WHR system 

consumption r e p r e s e n t s  an  approximate 144% i n c r e a s e  i n  e l e c t r i c a l  energy con- 

sumption. However, on - s i t e  consumption of n a t u r a l  gas  i s  reduced Lo zero .  

The r i s e  i n  e l e c t r i c a l  energy consumption i s  a t t r i b u t a b l e  t o  two f a c t o r s :  



1 )  t h e  demand f o r  n a t u r a l  gas  i n  s a t i s f y i n g  hea t ing  requirements  i s  e f f e c t i v e l y  

d i sp l aced  w i t h  t h e  e l e c t r i c a l  demand of t he  h e a t  pump system, and 2 )  t h e  over- 

a l l  h e a t  pump system ope ra t e s  a t  a  s l i g h t l y . l o w e r  e f f i c i e n c y  (lower C.O.P.) 

t han  t h e  convent iona l  e l e c t r i c a l l y  d r iven  a i r  cond i t i on ing  u n i t s  i n  meeting 

coo l ing  requi rements .  

I n  o r d e r  t o  compare t he  p ro j ec t ed  primary energy resource  consumption of 

t h e  HP-WHR system t o  t h a t  of t h e  convent iona l  space  condi t ion ing  systems, t h e  

procedures  f o r  determining annual  f u e l  and resource  energy u t i l i z a t i o n ,  a s  

58 ' 
o u t l i n e d  i n  ASHRAE Standard 90-75, ENERGY CONSERVATION I N  NEW BUILDING DESIGN,. 

were followed. A s  can be  seen  from t h e  r e s u l t s  of t h i s  assessment a s  i l l u s -  

t r a t e d  on t h e  fo l l owing  pages, t h e  primary e f f e c t  of t he  HP-WHR system ope ra t i on  

would be t o  d i s p l a c e  t h e  consumption of n a t u r a l  ga s  wi th  t h a t  of c o a l  and 

nuc l ea r  energy. A minor i n c r e a s e  w i l l  a l s o  be noted i n  t h e  consumption of 

hydro-power and crude o i l .  A secondary, bu t  d e s i r a b l e ,  e f f e c t  would be t o  

f r e e  t h e  a d d i t i o n a l  q u a n t i t i e s  of n a t u r a l  gas  f o r  u se  i n  s a t i s f y i n g  o t h e r ,  

less f l e x i b l e  energy requi rements .  
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ANNUAL FUEL AND ENERGY CALCULATION FORM 12-1 

I 1  Other 

, 13 Total Carry Fwd. to Form 12-2 1876.2 1137.9 

CONYERS- HP-WHR SYSTEM 

21 I (Othcr) 

22 Total Resourcc - 8Z8.1 .. 2296.5 1665.2 11,805 179.2' 1 

ANNUAL FUEL AND ENERGY CALCULATION FORM 12-2 

ASHR'AE STANDARD 90-75 194 

RUF 
From 

Supplier 

or From 
Tables 

C.O. 
Total 

From 

Form 
12-1 

Line 13 

Annual Fuel and Energy 
Calculation Form 12-2 

Line 

14 

I S  

Fuel and Energy Resources Used on Site and 011 Site 
To Meet Energy Requirements of Building/Project 

Fuel and Energy 

Supplied to Site 

Fuel Oil. Light 

Fuel Oil. Heavy 

C I  

S.Tons 
Coal 

C2 

MCF 
Nat'l 

C3 

BBL 
Crudeoil 

C7 

Other 

G? 

Grams 
U-235 

CS 

1dKWH 
Hydro 

C6 

Other 



SECOND LAW PERFORMANCE ANALYSIS 
--.---* ---- 

A second.law performance analysis was performed for the Conyers H P - w  

system during peak heating season, peak cooling season and a .period when both 

heating and cooling was required. The analysis was conducted on a monthly 

basis. 

0 0 
Heating was accomplished by heating air from 75 F to 120 F and cooling 

0 
was provided by cooling air from 75'~ to 55 F. The reference state for the 

0 
air stream availabilities was 75 F. In determining the primary resource' 

utilization of electric energy a second law efficiency of .33 was used. The 

results are tabulated ,below. 

CONYERS HP-WHR SYSTEM 
SECOND LAW ANALYSIS 

AVAILABILITY OF AVAILABILITY OF SECOND AVAILABILITY OF SECOND 
HEATING COOLING HEATING 6 COOLING ENERGY SUPPLIED LAW ENERGY SUPPLIED LAW 

SEASON SUPPLIED SUPPLIED SUPPLIED TO SYSTEM EFFICIENCY TO SYSTEM EFFICIENCY 
9 .  8 9 J a n u a r y  2.915 x 10 -0- 1.161 x 10 4.34 x 10 .02670 4.484 x 10 9 .0258 

( H e a t i n g )  
. . 

July -0- 2.184 x lo9 4.186 x lo7 9 9 3.23 x 10 .01296 3.008 x 10 .01391 
( C o o l i n g )  

O c t o b e r  .568 x lo9 .31U x 10' 2.854 x 10 7 9.69 x 10 
8 

.0294 1.3009 x 10' .02i9 
(Mixed)  



EXPECTED ECONOMICS 

This  r e p o r t  s e c t i o n  e v a l u a t e s  t h e  expected economic. performance of t h e  

HP-WHR system as compared t o  convent iona l  h e a t i n g  and cool ing  systems i n  t h e  

Conyers a r e a .  F i r s t  c o s t s ,  ope ra t i ng  c o s t s  and maintenance c o s t s  f o r  each of 

t h e  compared systems a r e  e s t ima ted  i n  o rde r  t o  determine annual ized  c o s t s  t o  

consumers. A l i f e  cyc l e  c o s t  comparison f o r  t h e  system is  a l s o  made. 

Sys t e m  des ign  and 'performance has  been presen ted  i n  previous s e c t i o n s  

nf t h i s  r epor t .  For t h e  purposes of t h i s  a n a l y s i s  i t  is  assumed t h a t  some 

form of government e n t i t y  w i l l  own and ope ra t e  t h e  c e n t r a l  u t i l i t y  and d i s t r i -  

bu t ion  system. End-users w i l l  own and o p e r a t e  t h e i r  own hea t  pump systems and 

purchase thermal  energy from t h e  c e n t r a l  p l a n t .  The purchase p r i c e  f o r  t h e  

thermal  energy w i l l  be  determined by t h e  c o s t  t o  produce and d e l i v e r  t h e  

energy p l u s  maintenance c o s t s ,  personnel  c o s t s ,  a d m i n i s t r a t i v e  c o s t s  and deb t  

s e r v i c e .  

I t  is  a n t i c i p a t e d  t h a t  t h e  thermal u t i l i t y  would provide d i s t r i b u t i o n  and 

meter ing  equipment t o  t h e  p rope r ty  l i n e  of  t h e  customer. P ip ing  and equipment 

i n s t a l l e d  on t h e  u s e r ' s  p roper ty  would be  paid f o r  and become t h e  proper ty  of 

t h a t  u se r .  

Debt s e r v i c e  f o r  t h e  c e n t r a l  p l a n t  was based on a  7 percent  per  year  

i n t e r e s t  r a t e  wi th  payments over  a  25  yea r  pe r iod .  This  rate appeared t o  be 

: to  be:approximately mid-range f o r  r a t e s  t h a t  could be  expected f o r  Conyers. . 

The £allowing c o s t  a n a l y s i s  i s  broken i n t o  t h r e e  p a r t s :  f i r s t  c o s t s ,  

ope ra t i ng  c o s t s ,  l i f e  cyc l e  c o s t s .  A'summary of r e s u l t s  i s  presen ted  i n  t h e  

l a t t e r  p a r t  of t h e  s e c t i o n .  

FIRST COSTS 

F i r s t  c o s t s  a r e  ca t ego r i zed  a s  c o s t s  i ncu r r ed  by t h e  c e n t r a l  u t i l i t y  o r  



c o s t s  incur red  by t h e  end-users. I n  Conyers' c a se ,  i t  i s  a n t i c i p a t e d  t h a t  t h e  
. . .  

c e n t r a l  u t i l i t y ' s  c o s t s  w i l l  be  those  a s soc i a t ed  wi th  t h e  c e n t r a l ' p l a n t ,  d i s -  

t r i b u t i o n  system and meter ing.  End-users w i l l  be r e s p o n s i b l e . f o r  t h e  r e t r o -  

f i t  o r  i n i t i a l  i n s t a l l a t i o n  of t h e i r  own HVAC system and f o r  p ip ing  from t h e i r  

hea t  pump u n i t  co t he  ~llettr connect ion,  

Cen t r a l  p l a n t  f i r s t  c o s t s  were based on the  equipment s i z e s  and types 

presented i n  t h e  system des ign  s e c t i o n .  A d e t a i l e d  c o s t  breakdown i s  presented 

. i n  Appendix C.  A summary of t hese  c o s t s  fo l lows:  

Cen t r a l  P l a n t  $ 635,870 

D i s t r i b u t i o n  System 361,520 

Metering Equipment 
(100 - 1" meters ,  
inc luding  i n s t a l l a t i o n )  35,000' 

To ta l  $1,032,390 

End-user system c o s t s  were computed on t h e  b a s i s  of 175 f t .  of 1'' p ipe  

per  end-user t o  connect t o  t he  d i s t r i b u t i o n  system and $600 per  i n s t a l l e d  ton 

'of  a i r  condi t ion ing  capac i ty  f o r  r e t r o f i t  s i t u a t i o n s .  The $600 per  t on  i s  

f o r  i n s t a l l a t i o n  of hydronic h e a t  pump u n i t s  on ly ,  wi th  connect ion t o  e x i s t i n g  

duct  systems, and i s  assumed .to inc lude  any sa lvage  va lue  of equ'ipment removed 

from t h e  end-user bu i ld ings .  Mew i n s t a l l a t i o n s  were assumed t o  involve  no 

d i f f e r e n t i a l  c o s t  over t h e  s tandard  HVAC system. For Cnnyers t he  end-user 

c o s t  i s  approximately: 

30.0 tons  i n s t a l l e d  x $600 

To ta l  c o s t  of r e t r o f i t  - - $180,000 

Pip ing  350 u s e r s  x  175 f t .  

x  $2.50 ( i n s t a l l e d )  = 153, i 2 5  

To ta l  r e t r o f i t  c o s t  - - $333,125 



The r e t r o f i t  c o s t s  a r e  based on t h e  i n d i v i d u a l  p r i c e s  each end-user would 

be  r equ i r ed  t o  pay i f  t he  work were cont rac ted  on an  i n d i v i d u a l  b a s i s .  

OPERATING COSTS 

Operating c o s t s  were based on t h e  r e s u l t s  of t he  performance a n a l y s i s  

presented i n  s e c t i o n  8.3.3. The c o s t  of e l e c t r i c  power f o r  t h e  c e n t r a l  p l a n t  

was computed from. Georgia Power Company's PL-1 r a t e  schedule.  Power f o r  end- 

u se r swas  assumed t o  c o s t  5.00~/1<WH. The c o s t  of thermal energy de l ive red  t o  

end-users by the  HP-WHR system w i l l  be  d iscussed  i n  a  subsequent s e c t i o n .  

From Table 8-7 of t h e  performance a n a l y s i s ,  t h e  annual ized c o s t  f o r  power t o  

t h e  c e n t r a l  p l a n t  w i l l  be  approximately $38,015. 

The end-users on t h e  HP-WHR system w i l l  use  approximately 2,311,124 KWH 

per  year .  This  e l e c t r i c i t y  w i l l  c o s t  approximately $115,556 under i n d i v i d u a l  

b i l l i n g s .  

Maintenance c o s t s  f o r  t h e  HP-WHR c e n t r a l  s t a t i o n  a r e  es t imated  a t  5  per- 

c e n t  pe r  year  of t he  i n s t a l l e d  c o s t  of t h e  s t a t i o n  and 0.5 percent  per  year  f o r  

t h e  d i s t r i b u t i o n  system. These maintenance c o s t s  a r e :  

Item 
Annual 

Maintenance Cost 

Cen t r a l  S t a t i o n  Equipment $31,793 

D i s t r i b u t i o n  System & Meters 1,982 

T o t a l  $33,775 

~ n d - & e r  maintenance c o s t s  were assumed t o  be $20 h igher  per  i n s t a l l e d  

ton  of a i r  cond i t i on ing  capac i ty  than  would comparable system maintenance on 

convent ional  systems. This  f i g u r e  is :  

782 x 20 = $15,640 per  year  



HP-WHR SYSTEM OPERATION AS A THEKMAL UTILITY. 

I n  o r d e r  t o  compare t h e  HP-WHR scheme t o  convent iona l  u t i l i t y  supp l i ed  

schemes, i t  i s  necessary  t o  perform an a n a l y s i s  from t h e  end-user 's  viewpoint .  

To account. f o r  thermal  energy d i s t r i b u t e d  from t h e  c e n t r a l  p l a n t ,  i t  i s  a n t i c -  

i p a t e d  t h a t  t h e  Systeu~ w i l l  bc operated as a thermal u t i l i t y .  The charges t o  

t h e  end-users w i l l  b e  based on meter ' readings and w i l l  be s u f f i c i e n t  t o  cover 

t h e  c e n t r a l  p l a n t ' s  ope ra t i ng  and ma in t enance ' cos t s ,  deb t  s e r v i c e ,  and admin- 

i s t r a t i v e  c o s t s  a s s o c i a t e d  w i th  o p e r a t i o n  of  t h e  system. 

The c o s t  f i g u r e s  contained i n  t h i s  r e p o r t  were genera ted  f o r ,  t h e  Cornel ia  

system us ing  t h e  s t a t e d  e l e c t r i c  energy c o s t s ,  a n  a d m i n i s t r a t i v e  c o s t  of 10  

p.ercent of t o t a l  owning and ope ra t i ng  c o s t s ,  and debt  s e r v i c e  based on an 

i n t e r e s t  r a t e  of 7 percent  per  year  over 25 yea r s .  It i s  recognized t h a t  t h e  

seven pe rcen t  , i n t e r e s t  r a t e  i s  somewhat a r b i t r a r y  and w i l l  vary  w i t h  t h e  type  

of f i nanc ing  arrangements a c t u a l l y  implemented; however, i t  was s e l e c t e d  a s . a  

compromise between t y p i c a l  1977 y i e l d s  f o r  Municipal Class  A bonds and U t i l i t y  

b'onds i s sued  by p r i v a t e  companies. 
. . 

The t o t a l  annual  c o s t  t o  t h e  end-users f o r  thermal  s e r v i c e  was computed 

a s  fol lows:  

COWERS - HP-WHR SYSTEM 
ANNUAL THERMAL UTILITY CHARGES 

(COMPONENT COSTS I N  1979 DOLLARS) 

Energy Cost $ 38,015 

Maineenarlce on Cen t r a l  P l a n t  
and D i s t r i b u t i o n  System 33,725 

(UTILITY CHARGES - cont 'd )  



ANNUAL THERMAL UTILITY CHARGES 
(cont  'd)  

Debt Serv ice  on T o t a l  System 
Cost (7%, 25 yea r s )  
($1,032,390 x .0858) 88,580 

Sub t o t a l  $160,370 

10% ~ d m i n i s t r a t i v e  f e e  : ( Inc luding  
Insurance & cont ingencies )  16,035 

T o t a l  $1.76; 405 

Based on t h e  above t o t a l ,  t h e  necessary cash flow f o r  t h e  system w i l l  

be  a s  p ro j ec t ed  i n  Table 8-9. 

LIFE CYCLE COSTS 
. . 

A l i f e  cyc l e  c o s t  a n a l y s i s  was prepared f o r  t h e  Cornel ia  HP-WHR system 

and t h e  e x i s t i n g  convent iona l  systems. The a n a l y s i s  was performed from the  

end-user p o i n t  of view, s i n c e  the  consumer w i l l  u l t i m a t e l y ' p a y  a l l  c o s t s  

a s s o c i a t e d  wi th  each system. I n  t he  case  of thermal energy d i s t r i b u t e d  by the  

HP-WHR system, c e n t r a l  p l a n t  c a p i t a l  and energy c o s t s  a r e  embedded i n  t h e  c o s t  

of s e r v i c e  t o  t h e  end-user. 

The p re sen t  va lue  of t h e  cash flow f o r  each a l t e r n a t i v e  was determined 
' 

. . 
f o r  a twenty-five year  per iod  a t  the  s t a t e d  d iscount  f a c t o r .  The fol lowing 

g e n e r a l  formula was used: 
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Where : 

PVi = Present  va lue  of t he  ith a l t e r n a t i v e  

FCi = F i r s t  c o s t  of t h e  ith a l t e r n a t i v e  

f  (j ,y-) = The p re sen t  worth f a c t o r  a t  j percent  i n t e r e s t  f o r  
y  years .  

ADCi = Annual ope ra t ing  c o s t s  of t h e  ith a l t e r n a t i v e  

. AMCi = Annual maintenance c o s t s  of t h e  ith a l t e r n a t i v e  

The r e s u l t s  of t h e  l i f e  cyc l e  c o s t  a n a l y s i s  a r e  presented i n  Table 8-10 

fo r .  t h e  convent ional  systems a s  t h e  base case  and Table 8-11 f o r  t he  HP-WHR 

system a l t e r n a t i v e .  The p re sen t  va lue  f i g u r e  i s  given a s  a  p o s i t i v e  number; 

however, i n  a c t u a l i t y  i t  should be r e a l i z e d  t h a t  t he  number i s  a p re sen t  

va lue  of p re sen t  and f u t u r e  c o s t s .  

SUMMARY OF EXPECTED ECONOMICS 

The r e s u l t s  of t h e  l i f e  cyc l e  economic a n a l y s i s  i n d i c a t e  t h a t  the  HP-WHR 

system a s  proposed f o r  t h e  Conyers community i s  more c o s t l y  t o  t h e  end-users 

than  the  convent ional  space condi t ion ing  system a l t e r n a t i v e .  On the  b a s i s  

of t h e  r e s u l t s  presented  i n  Tables  8-10 and 11, implementatian of t h e  HP-WHR 

system would r e s u l t  i n  a n e t  a d d i t i o n a l  c o s t  t o  t h e  end-users of '$2,274,520.  

Seve ra l  f a c t o r s  d e t r a c t  from t h e  comparative system economics. The arduous 

r e t r o f i t  c o s t s  f o r  po r t ions  of the  proposed s e r v i c e  a r e a ,  even though borne 
. , 

by t h e  i n d i v i d u a l  system subsc r ibe r s ,  i nc rease  the  , c a p i t a l  investment neces- 

s a r y  t o  implement t he  system and thus pena l i ze  t h e  economic a t t r a c t i v e n e s s  

from the  end-users '  p o i n t  of view. System performance dur ing  the  cool ing  

mode i s  comparable, on a C.O.P. b a s i s ,  t o  the  s tandard  e l e c t r i c  a i r  condi t ion-  

i ng  systems t y p i c a l l y  i n  r e s i d e n t i a l  s e r v i c e  i n  t h e  proposed s e r v i c e  a r e a .  
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10 
11 
12 
13 
14 
15' 
16 
17 
18 
19 
20 
21 
22 
2 3 
2 4 
25 

TOTALS . 

. . 
.TABLE 8-10 

CONYERS CONVENTIONAL SYSTEMS (BASE CASE) 
LIFE CYCLE COST ANALYSIS 

DEBT SERVICE 
OR COST 

BASE 
YAINTENANCE 

UTILITY COSTS 
N .GAS ELECT. 

TOTAL 
COSTS 

0. 
142,774. 
159,902. 
179,100. 
200,620. 
224,741. 
251,784. 
282,103. 
316,098. 
354,218. 
396,967. 
444,909. 
498,682. 
558,998. 
626,657. 
702,562. 
787,724. 
883,276. 
990,498. 

l,llO,822. 
1,245,858. 
1,397,419. 
1,567,540. 
1;758,505. 

DISCOUNT 
FACTOR 

1.000 
.090 
.826 . 

.751 

.683 

.621 
,564 
.513 
.467 
.424 
.386 
.350 
.319 
.290 
,263 
.239 
.218 
,198 
.I80 
.I64 
.149 
.I35 
.I23 
.112 
.lo2 
.092 

DISCOUNTED , . 

COSTS 

0. 
129,782. 
132,079. 
134,504. 
137,023. 
139,564. 
142,006. 
144,719. 
147,617. 
150,188. 
153,229. 
155,718. 
159,080. 
162,109. 
164,811. 
167,912. 
171,724. 
174,889. . 
178,290. 
182,175. 
185,'633. ' ' 

188,652. 
192,807. 
196,953. 
201,235. 
203,649. 

4,096,348. 

ASSUMPTIONS: 

1) Natural Gas Cost Escalation - 8% 
2) Electric Energy ~ d s t  Escalation - 11% (3% Over Base Inflation Rate) 
3) Discount Rate - 10% 



TABLE 8-11 
CONYERS HP-WHR SYSTEM 

LIFE CYCLE COST ANALYSIS 

DEBT SERVICE 
OR COST 

0. 
0. 
0. 
0. 
0. 
0. 
0. 

ADDITIONAL 
MAINTENANCE 

0. 
16,891. 
18,242. 
19,702. 
21,278. 
22,980.. 
24,819. 

UTILITY .COSTS 
ELECT. THERMAL 

0. 0. 
128,267. 183,979. 
142,377. 192,295. 
158,038. 201,429. 
175,422. 211,464. 
194,719. 222,490. 
,216,138. 234,609. 

TOTAL 
COSTS 

0. 
329,137. 
352,914. 
379,169. 
408,164. 
440,189. 
475,566. 

DISCOUNT 
FACTOR 
1.000 
.090 
.826 
.751 
.683 
.621 
.564 

DISCOUNTED 
COSTS 

0. 
299,186. 
291,508. 
284,757.. 
278,776. 
273,357. 
268,219. 

TOTALS 1,234,847. 14,675,470. 10;679,948. 26,590,265. 6,370,868. 

ASSUMPTIONS: 

1) Maintenance and Replacement Cost Escalation - 8% 
2) Electric Energy cost Escalation - 11% (3% Over Base rnflatidn Rate) 
3) Thermal Utility ~harge'~sca1ation - 11% (From Table 8-9) 
4) Discount Rate - 10% 



Thus no performance,or  economic b e n e f i t  i n  favor  of t h e  HP-WHR system is  pre-  , 
s e n t e d .  F i n a l l y ,  t h e  c u r r e n t  low energy c o s t s  f o r  n a t u r a l  gas ,  t h e  hea t ing  

resource  of choice  i n  t h e  proposed s e r v i c e  a r e a ,  make the  gas- f i red  furnace  

op t ion  t h e  most c o s t  e f f e c t i v e  hea t ing  s y s t e m  a l t e r n a t i v e .  This  l a s t  f a c t o r ,  

combined wi th  t h e  f a c t  t h a t  t h e  proposed system i s  e s s e n t i a l l y  cool ing  dominated, 

i s  perhaps t h e  most c r i t i c a l  de t r iment  t o  system economics.. It is  a n t i c i p a t e d  

t h a t ,  i f  t he  s y s  tern w e r e  l o c a t e d  a t  hea t ing  dominated s i t e s -o f - app l i ca t i on ,  o r  

i f  (and when) n a t u r a l  gas  e s c a l a t e ,  t h e  system w i l l  approach t h e  t h r e s -  

hold of economic v i a b i l i t y .  



8.3.5 PLAN FOR HP-WHR SYSTEM PHASING - CONYERS, GEORGIA 

An HP-ICES w i l l  o p e r a t e  i n  i ts  community a s  a  form of p u b l i c  u t i l i t y  

which w i l l  provide a  needed and p o t e n t i a l l y  widespread ' . ( in  r e l a t i o n  t o  the  

o v e r a l l  community) s e r v i c e .  Serving i n  t h i s  capac i ty ,  t he  system i s  s u b j e c t  

t o  t he  need f o r  long-range planning i n  o rde r  t o  provide i t s  s e r v i c e  i n  a  

manner most b e n e f i c i a l ,  service-wise and cost-wise,  t o  t h e  end-user. The 

primary concern i s  t h a t  t h e  system be designed and cons t ruc ted  t o  f u l f i l l  

the  needs of t h e  e x i s t i n g  v i a b l e  s e r v i c e  a r e a s .  However, cons ide ra t ion  

must a l s o  be given t o  expanding t h e  system i n  the  most e f f i c i e n t  manner and 

a t  t h e  most advantageous time t o  accommodate f u t u r e  growth w i t h i n  the commu- 

n i t y .  Chaper 6 .0  - PROJECTED GROWTH d i s c u s s e s  methods of p r o j e c t i n g  growth 

wi th in  a  s p e c i f i c  community and addresses  cons t ruc t ion  phasing of c e n t r a l  

. p l a n t  f a c i l i t i e s  and the  d i s t r i b u t i o n  system f o r  ranges of growth r a t e  

s i t u a t i o n s .  The fo l lowing  paragraphs apply t h e  gene ra l  approaches ou t l i ned  

i n  t h e  e a r l i e r  chap te r  t o  t h e  Conyers demonstrat ion community s i t u a t i o n .  

The i n i t i a l  approach of t h e  Conyers - based HP-WHR system w i l l  be t o  

provide thermal u t i l i t y  s e r v i c e s  t o  a  compact a r e a  of r e s i d e n t i a l  subdiv is ions  

j u s t  o u t s i d e  the  co rpo ra t e  c i t y  l i m i t s  on Stanton Road. The f i r s ' t  candida te  

subd iv i s ion  is  loca t ed  ad jacen t  t o  t h e  Almand Branch sewage t reatment  f a c i l i t y  

i n  t h e  v i c i n i t y  of t h e  i n t e r s e c t i o n  of Stockbridge Highway 138 and Stanton 

Road. This  subd iv i s ion  i s  c u r r e n t l y  under development w i th  s e v e r a l  s t r u c t u r e s  

a l r eady  completed and an  u l t i m a t e  bui ld-out  p o t e n t i a l  of 40 t o  5.0 houses. A 

second subd iv i s ion  approximately one mi le  down Stanton Road from the  f i r s t  

' 

i s  a t  a comparable degree of development wi th  :6O t o  75 houses completed and 

a  bui ld-out  p o t e n t i a l  o f iOO. to i50houses .  Add i t i ona l ly ,  t h e r e  i s  a p a r c e l  

of land d i r e c t l y  between the  two subd iv i s ions  and roughly equ iva l en t  i n  land 

a r e a  t o  t h e  second which i s  considered a  l i k e l y  candida te  £o r  development i f  

t he  Conyers community c o n t i n u e s , i t s  t rend of . rap id  growth. Ultimate b u i l d - o u t ,  



p o t e n t i a l  of t h i s  p a r c e l  of l a n d ,  i f  developed, i s  approximately 150 houses.  

Account ing.for  t h e  t o t a l  bui ld-out  p o t e n t i a l  of ea'ch of t h e  t h r e e  a r e a s ,  t h i s  

compact r e s i d e n t i a l  community would show a v i a b l e  s e r v i c e  a r e a  of approximately 

120 houses w i th in  a  one and one h a l f  m i l e  c o r r i d o r  around t h e  sewage t r e a t -  

ment p l a n t .  Since t h e  c u r r e n t  b u i l d i n g  inventory  i s  .approximately 30% of 

u l t i m a t e  p o t e n t i a l ,  and s i n c e  i t  i s  es t imated  t h a t  t h e  a r e a ,  a t  i t s  p r e s e n t  

r a t e  of growth, w i l l  r each  i t s  bui ld-out  p o t e n t i a l  w i t h i n  f i v e  t o  t e n  y e a r s ,  
. . 

t h i s  community w i l l  o f f e r  o p p o r t u n i t i e s  f o r  phased system c o n s t r u c t i o n  and 

a  combination of r e s i d e n t i a l  r e t r o f i t s  and new home system i n s t a l l a t i o n .  

CENTRAL PLANT PHASING - I n  gene ra l ,  i t  i s  a d v i s a b l e  t o  p l an  and c o n s t r u c t  

c e n t r a l  p l a n t  f a c i l i t i e s  f o r  a  h igh  growth a r e a  (such a s  t h i s  r e s i d e n t i a l  

community) i n  s e v e r a l  s t a g e s  over  a  g iven  planning pe r iod  (u sua l ly  20 y e a r s ) .  

This  procedure avoids  committing l a r g e  sums of  money f o r  excess  capac i ty  a t  

t h e  c e n t r a l  p l a n t  which may n o t  be needed u n t i l  much l a t e r  i n  t h e  planning 

peri0.d. However, t h e  Conyers demonstrat ion community i s  an i n t e r e s t i n g  mix 

of a s p e c t s  of h igh  growth and low growth a r e a s .  The growth p o t e n t i a l  of t h e  

s u b j e c t  a r e a  can be shown t o  be approximately 200% of t h e  e x i s t i n g  number of 

s t r u c t u r e s  i n  t h e  a r e a  over  a  20 yea r  planning pe r iod .  The l i m i t e d  land  

a r e a  i n  t h e  community, however, puts a n e f f e c t i v e  c e i l i n g  on t h e  u l t i m a t e  

expansion i n  t h e  immed2ate a r e a .  The combination of t h e  above two f a c t o r s  

r e s u l t s  i n  t h e  e s t i m a t e  that '  t h e  a r e a  may reach  i t s  p o t e n t i a l  i n  f i v e  t o  t en  

yea r s .  Considering t h i s  e s t ima te  and cons ide r ing  t h e  f a c t  t h a t  c e n t r a l  

s t a t i o n  capac i ty  may be l i m i t e d  somewhat by t h e  r e l a t i v e l y  low capac i ty  of 

t h e  sewage t rea tment  p l a n t ,  i t  i s  deemed a d v i s a b l e  t o  p l an  f o r  i n s t a l l a t i o n  

of t h e . b u l k  o f . : c e n t r a l  s t a t i o n  c a p a c i t y  du r ing  t h e  i n i t i a l  cons t ruc t ion .  

A minor p l a n t  expansion would then be  planned t o  f i n a l i z e  c e n t r a l  s t a t i o n  

capac i ty  i n  approximately f i v e  yea r s .  The p ipe  l i n e s ;  sumps, and pumps which 

s e r v e  on the sewer t i c - i n  subsystem w i l l  be cons t ruc t ed  i n i t i a l l y  t o  handle  



100 t o  110% of t h e  u l t i m a t e  wastewater flow which could be  accommodated a t  

t h e  sewage t rea tment  f a c i l i t y .  .The major b u i l d i n g  s t r u c t u r e  w i l l  be con- 

s t r u c t e d  t o  accommodate a l l  equipment which would be necessary  t o  s e r v e  t h e  

u l t i m a t e  bui ld-out  p o t e n t i a l  of t h e  system. S ince  t h e  t o t a l  quant . i ty  of 

thermal energy a v a i l a b l e  from t h e  wastewater could reasonably be handled by 

one c e n t r a l  s t a t i o n  h e a t  pump, i t . i s  l i k e l y  t h a t  f u l l  c apac i ty  w i l l  be  i n s t a l l e d .  

I n s t a l l a t i o n  of t h e  a u x i l i a r y  equipment ( c i r c u l a t i n g  pumps, d i s t r i b u t i o n  

pumps, thermal  s t o r a g e ,  and cool ing  tower) w i l l  be based on es t imated  system 

requirements  du r ing  t h e  f i r s t  f i v e  yea r  per iod .  A t  t h e  t ime when additi.onal. 

c a p a c i t y  i s  r equ i r ed ,  a  minor p l a n t  expansion would involve '  t h e  i n s t a l l a t i o n  

of a n  a d d i t i o n a l  c i r c u l a t i n g  pump, d i s t r i b u t i o n  pump, cool ing  tower ce l l ,  

and i f  r e q u i r e d ,  thermal  s t o r a g e .  A l l  equipment i n s t a l l a t i o n  could be  handled 

w i t h  l i t t l e  o r  no major mod i f i ca t i on  t o  t h e  in -p lan t  p ip ing  system o r  s t r u c t u r e .  

Cos ts  f o r  system expansion w i t h i n  t h e  c e n t r a l  p l a n t  should t hus  be minimized. 

DISTRIBUTION SYSTEM PHASING - There a r e  s e v e r a l  c h a r a c t e r i s t i c s  of t h e  -- .-- - -.--.-. 

des ign  and c o n s t r u c t i o n  of high-volume water  d i s t r i b u t i o n  (and r e t u r n )  l i n e s  

which w i l l  i n f l u e n c e  t h e  manner i n  which such systems w i l l  be cons t ruc t ed  and 

expanded. F i r s t ,  water  and sewer and, i n  t h i s  case, thermal u t i l i t y  l i n e s  

have a  u s e f u l  l i f e  of approximately 50 y e a r s .  Secondly, a  major p o r t i o n  of 

t h e  c o s t  o f  c o n s t r u c t i n g  such l i n e s  i s  n o t  i n  m a t e r i a l  c o s t s  b u t  i n  manpower , 

and equipment 'expendi tures  f o r  t h e  c o n s t r u c t i o n  process .  Hence, t h e  most 

economical way t o  provide  a d d i t i o n a l  capac i ty  g e n e r a l l y  is  t o  c o n s t r u c t  a  

l a r g e r  l i n e  i n i t i a l l y  r a t h e r  than a  p a r a l l e l  l i n e  a t  a  l a t e r  d a t e .  

The f i r s t  phase of d i s t r i b u t i o n  system c o n s t r u c t i o n  w i l l  involve 

i n s t a l l a t i o n  of a  d i s t r i b u t i o n  t runk  l i n e  i n t o  th.e subd iv i s ion  ad j acen t  t o  

t h e  sewage t rea tment  f a c i l i t y  s i te .  Due t o  t h e  l ayou t  of t h e  subd iv i s ion  

and t o  housing c o n s t r u c t i o n  p a t t e r n s ,  c o n s t r u c t i o n  of t h e  d i s t r i b u t i o n  

system w i t h i n  t h i s  a r e a  can a l s o  be  phased. The main t runk  l i n e  would 

f i r s t  be cons t ruc t ed  a long  Morris  Drive and Cindy Drive,  w i th  t r i b u t a r y  



l i n e s  along Rodgers Drive and i n t o  t h e  a s  y e t  unnamed no r the rn  s e c t i o n  of 

t he  subd iv i s ion  t o  be i n s t a l l e d  a t  l a t e r  d a t e s .  I n  a l l  c a ses ,  l i n e  s i z i n g  

and cons t ruc t ion  would be based on es t imated  u l t ima te  requirements f o r  the  

a r e a  so t h a t  t he  expense and inconvenience of cons t ruc t ing  p a r a l l e l  l i n e s  

a t  d i f f e r e n t  s t a g e s  of development could be avoided. 

The second phase of d i s t r i b u t i o n  system cons t ruc t ion  would involve  

i n s t a l l a t i o n  of a s e p a r a t e  d i s t r i b u t i o n  t runk  l i n e  i n t o  t h e  second sub- 

d i v i s i o n  now under development. The main t runk  l i n e  of t h i s  l e g  would 

run i n  a  gene ra l ly  sou the r ly  d i r e c t i o n  from t h e  p l a n t ,  over  t o  Stanton 

Road, and i n t o  t h e  subd iv i s ion  along Almand Branch Road. Severa l  s t r u c t u r e s  

could be s e r v e d ' d i r e c t l y  from t h i s  main t runk  l i n e ,  and a s  t he  degree of 

development i n  t h e  a r e a  warran ts ,  t r i b u t a r y  l i n e s  could be cons t ruc ted  i n  a  

manner s i m i l a r  t o  t h e  f i r s t  pahse cons t ruc t ion .  It should be noted t h a t  

cons t ruc t ion  of d i s t r i b u t i o n  l i n e s  f o r  s e r v i c e  i n t o  t h i s  a r e a  would q u i t e  

l i k e l y  co inc ide  wi th  the  c e n t r a l  s t a t i o n  expansion d iscussed  i n  t h e  preceed- 

ing  s e c t i o n .  

The t h i r d  phase of cons t ruc t ion ,  involv ing  t h e  development of the  vacant  

p a r c e l  of land  betwee,n the  two subd iv i s ions ,  i s  very  t e n t a t i v e .  Discussion 

of t h i s  phase is only  t o  i d e n t i f y  t h e  p o t e n t i a l  of t h e  a r e a  i f  c u r r e n t  hous- 

i ng  and growth t r ends  cont inue.  There a r e  two op t ions  f o r  provid ing  s e r v i c e  

i n t o  , t h i s  a r ea .  Depending upon t h e  l ayou t  arid development p a t t e r n  of t h i s  

zone, a  main d i s t r i b u t i o n  t runk  could be cons t ruc ted  o f f  o'f t h e  bulk  t r ans -  

mission t runk  l i n e  loca t ed  along Stan ton  Road, o r  a  s e p a r a t e  t runk  l i n e  could 

be cons t ruc ted  from t h e  central s t a t i o n  f o r  s e r v i c e  t o  t h e  a r ea .  

Due t o  the  development p a t t e r n s  i n  t h e  t h r e e  r e l a t i v e l y  segregated 

zones i n  t he  community ad j acen t  t o  t h e  Conyers sewage t reatment  f a c i l i t y ,  i t  

is  apparent  t h a t  t h e r e  i s  ample oppor tuni ty  t o  demonstrate  t he  op t ions  f o r  

phased construct . ion of t h e  c e n t r a l  p l a n t ,  d i s t r i b u t i o n  system, and end-user 

systems i n  an HP-WHR system. 
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8.4 INSTITUTIONAL CONSIDERATIONS 

A s  w i t h  any undertaking t h a t  proposes t o  provide a pub l i c  s e r v i c e  i n  some 

form t o  t h e  members of a community, t h e  implementation of a Heat Pump Centered- 

I n t e g r a t e d  Community Energy System w i l l  encounter s i g n i f i c a n t  i n s t i t u t i o n a l  

. b a r r i e r s .  I n  o r d e r  t o  impose a p r i o r i t y  f o r  cons ide ra t i on ,  however, t he se  

b a r r i e r s  can be  c l a s s i f i e d  i n t o  t h r e e  f a i r l y  d e f i n i t i v e  c a t e g o r i e s . '  The f i r s t  

ca tegory  i nvo lves  t h e  i n s t i t u t i o n a l  cons ide ra t i ons  t y p i c a l  i n  t h e . i m p l a e n t a t i o n  

of any l a r g e  s c a l e  ven tu re  such as ownership, operation, and f i nanc ing  

a l t e r n a t i v e s .  Ca t ego r i e s  two and t h r e e  involve  cons ide ra t i on  of t h e  e f f e c t s  

upon implementation of t h e  e x i s t i n g  s t a t e  and l o c a l  laws, r e s p e c t i v e l y .  The 

fo l lowing  s e c t i o n s  of t h i s  chap te r  d i s c u s s  t h e s e  i n s t i t u t i o n a l  cons ide ra t i ons  

w i th  regard  t o  t h e i r  e f f e c t  upon t h e  implementation of t h e  HP-WHR concept.  

8 .4 .1  OWNERSHIP AND OPERATION OF A HEAT PUMP CENTERED-INTEGRATED COMMUNITY ENERGY SYSTEM 

(HP-ICES) 

There would be  s e v e r a l  a l t e r n a t i v e  approaches t o  t h e  ownership and 

ope ra t i on  of a H e a t  Pump Centered-Integrated Community Energy System. Such 

a system would be  ve ry  s i m i l a r  t o  a p u b l i c  u t i l i t y  t h a t  p rovides  water  supply, 

wastewater c o l l e c t i o n  and t rea tment ,  e l e c t r i c a l  power, o r  n a t u r a l  ga s .  Conse- 

'quent ly ,  . the a l t e r n a t i v e  methods f o r  ownership and ope ra t i on  would be s i m i l a r  

t o  t h e  types of i n s t i t u t i o n s  which provide t h e  pub l i c  u t i l i t i e s  j u s t  l i s t e d .  

  he' t h r e e  b a s i c  t y p e s o f  i n s t i t u t i o n s t h a t  could s e r v e  a s  t h e  owner and ope ra to r  

o£ a Heat Pump Centered-Integrated Community Energy System a r e  a s  fo l lows:  

1. A privately-owned pub l i c  u t i l i t y  company 

2 .  A municipal-owned pub l i c  u t i l i t y  

3 .  A s p e c i a l . p u r p o s e  a u t h o r i t y  



The privately-owned pub l i c  u t i l i t y  company would be s i m i l a r  t o  Georgia 

Power Company o r  t h e  A t l a n t a  Gas Light  Company. Such companies a r e  gene ra l l y  

p r o f i t  making co rpo ra t i ons  t h a t  a r e  owned by t h e  i n d i v i d u a l  s tockholders  who 

. .  . 
have inves t ed  i n  t h e  corpora t ion .  

An example of a  municipal-owned pub l i c  u t i l i t y  would be  a  c i t y  o r  county . 

water system which is  opera ted  a s  a  p a r t  of t h e  c i t y  or county government. 

Some. municipal  governments a l s o  ope ra t e  e l e c t r i c a l  d i s t r i b u t i o n  systems and 

n a t u r a l  ga s  d i s t r i b u t i o n  systems w i t h i n  t h e i r  j u r i s d i c t i o n s  a s  a  p a r t  of t h e  

u t i l i t i e s  provided by t h e  l o c a l  government. 

The t h i r d  type  of i n s t i t u t i o n  would be a  s p e c i a l  purpose a u t h o r i t y  c r ea t ed  

s o l e l y  f o r  t h e  purpose of owning and ope ra t i ng  a  Heat Pump Centered-Integrated 

Community Energy System. I n  Georgia such a u t h o r i t i e s  can be c r ea t ed  by an  

a c t  of t h e  S t a t e  L e g i s l a t u r e .  Such a u t h o r i t i e s  a r e  non-prof i t  organi-  

za t i ons  c r ea t ed  f o r  a  s i n g l e  purpose and .having  j u r i s d i c t i o n  over  a  l i m i t e d  

and c l e a r l y  def ined  a r e a .  The most common special-purpose a u t h o r i t i e s  

i n  Georgia a r e  water  a u t h o r i t i e s  whose j u r i s d i c t i o n  u s u a l l y  covers  a l l  o r  p a r t  

of a  county. S p e i c a l  purpose a u t h o r i t i e s  can b u i l d ,  own and ope ra t e  t h e  

s p e c i f i e d  f a c i l i t i e s  w i t h i n  t h e i r  j u r i s d i c t i o n .  Such a u t h o r i t i e s  can e n t e r  

i n t o  t h e  necessary  f i n a n c i a l  arrangements needed f o r  cons t ruc t ing  and ope ra t i ng  

t h e i r  f a c i l i t i e s .  However, t h e  revenues for the a u t h o r i t y  a r c  l i m i t e d  

s t r i c t l y  t o  those  revenues t h a t  can be genera ted  from t h e  ope ra t i on  of t h e  

f a c i l i t i e s  which t h e  a u t h o r i t y  has  cons t ruc t ed .  I n  most ca se s ,  t h e s e  revenues 

come from t h e  s e r v i c e  charges  b i l l e d  t o  i n d i v i d u a l  r e s i d e n t i a l  and commercial 

customers of t h e  system. The main d i f f e r e n c e  between a  special-purpose 

a u t h o r i t y  and a  municipal-owned pub l i c  u t i l i t y  is  found i n  t h e  a v a i l a b l e  means 

. of f i nanc ing .  A special-purpose a u t h o r i t y  i s  g e n e r a l l y  a  s e p a r a t e  e n t i t y  from 
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t h e  municipal  o r  county government, both f i n a n c i a l l y  and o rgan iza t iona l ly .  The 

a u t h o r i t y  is  g e n e r a l l y  independent and f i n a n c i a l l y  s e l f  -supporting from the  

municipal  o r  county government. However, a  municipal-owned pub l i c  u t i l i t y  

can  be  opera ted  a s  a  p a r t  of a  municipal  o r  county government and may not  be 

f i n a n c i a l l y  se l f - suppor t ing .  This  means t h a t  a  municipal-owned pub l i c  u t i l i t y '  

may be f inanced i n  p a r t  by gene ra l  o b l i g a t i o n  bonds, ad '.valorem t axes ,  o r  

o t h e r  sources  of revenue which t h e  municipal o r  county 'government may have. 

The r,evenues t h a t  a r e  de r ived  from t h e  ope ra t ion  of a  municipal-owned pub l i c  

u t i l i t y  do no t  have t o  provide t h e  t o t a l  f i nanc ing  f o r  t h e  ope ra t ion  and 

maintenance of t h e  u t i l i t y .  

The special-purpose a u t h o r i t y  is f u r t h e r  def ined  i n  t h e  ~ e o r ~ i a  Code a s  

fo l lows  : 

"The ' a u t h o r i t y  system of f i nance '  i s  a  system whereby the  

s t a t e  o r  a  mun ic ipa l i t y  can c a r r y  out  a  func t ion  of a  pub l i c  

o r  c h a r i t a b l e  n a t u r e  through an agency c rea t ed  by t h e  

l e g i s l a t u r e  and des igna ted  by t h e  c r e a t i n g  s t a t u t e  a s  an  

' a u t h o r i t y . '  Such an  a u t h o r i t y  has  t h e  power t o  borrow 

funds f o r  i t s  es tab l i shment  and e a r l y  ope ra t ion  through t h e  

i ssuance  of revenue bonds, which, f o r  t h e i r  r e t i r emen t  and 

f o r  t h e  payment of i n t e r e s t  thereon,  may only pledge funds 

a r i s i n g  from t h e  ope ra t ion  of t h e  au thor ized  p r o j e c t .  I n  

no event  may such bonds pledge t h e  c r e d i t  uf  the mun ic ipa l i t y ,  

c r e a t e  any l i e n  on pub l i c  proper ty ,  nor g ive  t h e  bondholder 

any r i g h t  t o  compel t he  exe rc i s ing  of t he  tax ing  power." 



FINANCING ALTERNATIVES FOR AN 'W-ICES - 

The a l t e r n a t i v e  means f o r  f inanc ing  a  Heat Pump Centered-Integrated 

Communtiy Energy System can be b.est descr ibed  by the  d i f f e r e n t  c a t e g o r i e s  of 

' !  ownership which have been previous ly  

. + A privately-owned pub l i c  u t i l i t y  company is  a  p r o f i t  making corpora t ion  

and .gene ra l ly  can use  t h e  same methods of f inanc ing  t h a t  a r e  a v a i l a b l e  t o  

o t h e r  corpora t ions  and bus inesses .  Short-term f inanc ing  can genera l ly  be 

obtained from banks and o the r  lending  i n s t i t u t i o n s  and long-term f inanc ing  

can be obtained by i s s u i n g  s tocks ,  bonds, o r  warran ts .  

A municipal-owned pub l i c  u t i l i t y  can usua l ly  ob ta in  short- term f inanc ing  

from banks o r  o the r  lending  i n s t i t u t i o n s .  Long-term f inanc ing  i s  gene ra l ly  

obtained by s e l l i n g  revenue bonds o r  gene ra l  o b l i g a t i o n  bonds t o  p r i v a t e  

i n v e s t o r s ,  banks, o r  o the r  f i n a n c i a l  i n s t i t u t i o n s .  Municipal-owned pub l i c  

u t i l i t i e s  i n  r e c e n t  yea r s  have been a b l e  t o  o b t a i n  s i g n i f i c a n t  money f o r  . . 

improvements o r  expansions through Federa l  o r  S t a t e  g ran t  o r  loan  programs. 

The Federa l  Environmental P ro t ec t ion  Agency has  a  s i g n i f i c a n t  g r a n t  program 

t o  a s s i s t  l o c a l  governments i n  t h e  cons t ruc t ion  of i n t e r c e p t o r  sewers and . 

wastewater t reatment  f a c i l 2 t i e s .  The Farmers Home Administrat ion w i t h i n  t h e  

Deparclurr~L ul: A g ~ l c u l L u ~ e  114s L3t l i  a l a a n  and grant program t o  ha lp  €mall  

communities i n  t h e  cons t ruc t ion  of water and sewer systems. The Department of 

Housing and Urban Development has provided s i g n i f i c a n t  sums of g r a n t  monies 

t o  urban a r e a s  f o r  t he  cons t ruc t ion  of water and sewer f a c i l i t i e s ,  i n  a d d i t i o n  

t o  o the r  publ ic  f a c i l i t i e s  t h a t  would not  be ca tegor ized  a s  u t i l i t i e s .  The 

~conomic  Development Administrat ion has  a l s o . p r o v i d e d  Federa l  g r a n t  funds t o  

c o n s t r u c t  o r  expand u t i l i t i e s  t o  s e rve  i n d u s t r i a l  growth a r e a s .  

A special-purpose a u t h o r i t y  could o b t a i n  short- term f inanc ing  from banks 



o r  o the r  l end ing  i n s t i t u t i o n s  i f  s u f f i c i e n t  c o l l a t e r a l  could be provided o r  

adequate  assurance  t h a t  t h e  loan  could repa id .  The p r i n c i p a l  means f o r  long- 

term f inanc ing  of a  special-purpose a u t h o r i t y  would be through t h e  s a l e  of 

revenue bonds which would be r epa id  from the  annual  revenues of t he  a u t h o r i t y .  

Therefore,  t h e  s t r e n g t h  and p o t e n t i a l  f o r  growth would determine the  r a t i n g  f o r  

the  revenue bonds and the  d i f f i c u l t y  t h a t  might be encoun te red , in  s e l l i n g  the  

revenue bonds. Special-purpose a u t h o r i t i e s  a r e  gene ra l ly  e l i g i b l e  f o r  Federa l  

and S t a t e  g ran t  l oan  funds a s  prev ious ly  descr ibed  f o r  municipal-owned pub l i c  

u t i l i t i e s .  

8 . 4 . 3  COMPARISON OF ALTERNATIVE METHODS OF OWNERSHIP, OPERATION AND FINANCING OF 

AN HP-ICES 
. . 

The two previous  s e c t i o n s  have d iscussed  t h e  a l t e r n a t i v e  methods a v a i l a b l e  

f o r  t h e  ownership, ope ra t ion  and f inanc ing  of a  Heat Pump Centered-Integrated 

Community Energy System. This  s e c t i o n  w i l l  provide a comparative d i scuss ion  

of t h e  a l t e r n a t i v e  means f o r  ownership, ope ra t ion  and f inanc ing  of a  Heat Pump 

Centered-Integrated Community Energy System. 

The a l t e r n a t i v e  of a  privately-owned pub l i c  u t i l i t y  company has two 

s i g n i f i c a n t  drawbacks. The f i r s t  drawback is  t h a t  such companies would no t  

gene ra l ly  d e s i r e  t o  t ake  on the  r e s p o n s i b i l i t y  f o r  such a  p r o j e c t  u n t i l  i t s  

f e a s i b i l i t y  and p r o f i t  p o t e n t i a l  had been f u l l y  e s t a b l i s h e d .  An except ion  

t o  t h i s  . might . be t h a t  i f  massive Federa l  g r a n t  funds were involved i n  the  
I .,, . . . *  8 

i n i t i a l  demonstrat ion and t h e r e  was l i t t l e  f i n a n c i a l  r i s k  t o  t he  u t i l i t y  
. . a  

company, then t h e  company might be w i l l i n g  t o  be involved.  The preceding 

s ta tements  assume t h a t  the pub l i c  u t i l i t y  company concerned was a l r eady  i n  

ex i s t ence  and providing o the r  s e r v i c e s  p r i o r  t o  being approached about involve- 

ment wi th  a  Heat Pump Centered-Integrated Community Energy System. A t  t h i s  



s t a g e  i n  t h e  development of t h e  HP-ICES concept ,  i t  would be  v i r t u a l l y  impossi- 

b l e  t o  cons ider  c r e a t i n g  a new pub l i c  u t i l i t y  company s o l e l y  f o r  t h e  purpose 

of owning and ope ra t i ng  t h e  HP-ICES. Because of t h e  u n c e r t a i n t i e s  involved 

wi th  t h e  i n i t i a l  c a p i t a l  c o s t ,  ope ra t i ng  ' cos t ,  and p r o f i t  p o t e n t i a l ,  i t  would 
: ! 

be  h ighly  u n l i k e l y  t h a t  such a company could s u c c e s s f u l l y  s e l l  t h e  necessary  
E 

s tock  t h a t  would be r equ i r ed  f o r  i n i t i a l  f i nanc ing  and ope ra t i on .  

The a l t e r n a t i v e  of a municipal-owned p u b l i c  u t i l i t y  o f f e r s  s e v e r a l  

advantages and d isadvantages .  One of t h e  main advantages,  a s  p rev ious ly  

mentioned, is  t h a t  a municipal-owned p u b l i c  ' u t i l i t y  has  s e v e r a l  a l t e r n a t i v e  

means of f i nanc ing  a v a i l a b l e  t o  i t .  Long-term f inanc ing  through t h e  s a l e  of 

municipal  bonds o f f e r s  an a t t r a c t i v e  means of f i nanc ing  c o n s t r u c t i o n  s i n c e  

t h e  i n t e r e s t  r a t e s  on municipal  bonds a r e  o f t e n  lower due t o  t h e  tax- f ree  

s t a t u s  which they o f f e r  i n v e s t o r s .  S ince  a municipal-owned pub l i c  u t i l i t y  

does no t  have t o  make a p r o f i t ,  t h e  u t i l i t y  r a t e s  which must be  charged t o  

customers a r e  g e n e r a l l y  lower than might be charged by privately-owned u t i l i t y  

companies. There a r e  s e v e r a l  d i sadvantages  which a r e  posed by municipal-owned 

pub l i c  u t i l i t e s .  One disadvantage i s  t h a t  municipal-owned p u b l i c  u t i l i t i e s  

u s u a l l y  t r y  t o  provide s e r v i c e  t o  t h e  e n t i r e  community o r  mun ic ipa l i t y .  

However, w i th  t h e  HP-ICES concept ,  i t ' m a y  be t h a t  on ly  a p o r t i o n  of t h e  

community can be se rved .  Another disadvantage t o  a municipal-owned p ~ b i i c  

u t i l i t y  is t h a t  i n  r e c e n t  yea r s  many smal l  t o  medium s i z e d  towns have come t o  

depend heav i ly  on Federa l  g r a n t  and loan  funds t o  improve and expand t h e i r  

pub l i c  u t i l i t i e s  (p r imar i l y  water  and sewer) .  Because oi? t h i s  t r end ,  l o c a l  

o f f i c i a l s  w i l l  o f t e n  postpone needed c o n s t r u c t i o n  o r  improvements u n t i l  

massive Fede ra l  g r a n t ' f u n d s  can be  ob ta ined  which w i l l  pay, i n  some c a s e s ,  100 

percent  of t h e  t o t a l  c o s t  involved.  Because of t h i s  t r end  and because of t h e  

215 



u n c e r t a i n t i e s  involved i n  t h e  i n i t i a l  cons t ruc t ion  of a  demonstration p r o j e c t  

f o r  a n  HP-ICES i t  i s  h ighly  u n l i k e l y  t h a t  a  munic ipa l i ty  would undertake such 

a system wi thout  s i g n i f i c a n t  Federa l  g r a n t  funds being involved i n  both the  

i n i t i a l  c o n s t r u c t i o n  and ope ra t ion  of t h e  system. 

The l a s t  a l t e r n a t i v e  is  the  c r e a t i o n  of a  special-purpose a u t h o r i t y .  An 

advantage t o  t h e  special-purpose a u t h o r i t y ' i s  t h a t  t h e  a r e a  covered by the  

a u t h o r i t y  could be l i m i t e d  s o l e l y  t o  t h e  a r e a  which would be served by the  

Heat Pump Centered-Integrated Community Energy System. Therefore,  l o c a l  

o f f i c i a l s  could n o t  be c r i t i c i z e d  f o r  ope ra t ing  a  municipal  u t i l i t y  .which 

served only a  l i m i t e d  p o r t i o n  of t h e  t o t a l  community. The main disadvantage 

t o  a special-purpose a u t h o r i t y  a r e  t h e  inhe ren t  l i m i t a t i o n s  i n  f i nanc ing  

cons t ruc t ion  wi th  l o c a l  funds. Special-purpose a u t h o r i t i e s  a r e  l i m i t e d  a lmost .  , 

t o t a l l y  t o  revenue bonds f o r  long-term f inanc ing .  It is  a l s o  d i f f i c u l t  t o  

i s s u e  revenue bonds f o r  new a u t h o r i t i e s  who do no t  have e s t ab l i shed  customers 

and a  p a s t  h i s t o r y  of revenue c o l l e c t i o n s .  For a new type of u t i l i t y  such 

a s  t h e  HP-ICES which has  n o t  been f u l l y  proven and demonstrated, i t  would be 

even m o r e ' d i f f i c u l t  t o  i s s u e  revenue bonds t o  f i nance  the  cons t ruc t ion  of such ' 

a  system. ~ o n s e q u e n t l ~ ,  a  special-purpose a u t h o r i t y  would a l s o  r e q u i r e  s ign i -  . 

f i c a n t  Federa l  g r a n t  funds t o  he lp  pay f o r  t h e  i n i t i a l  cons t rud t ion  and oper- 

a t i o n  of t h e  system. 

Of the  t h r e e  a l t e r n a t i v e  methods t h a t  have been considered f o r  ownership, 

ope ra t ion  and f inanc ing  of t h e  HP-ICES, only .two appear t o  be v i a b l e  a l t e r n a t i v e s .  

These a r e  t h e  municipal-owned pbb l i c  . u t i l i t y  and the  special-purpo'se a u t h o r i t y .  

The i n i t i a l  cons t ruc t ion  and ope ra t ion  of such a  system under e i t h e r  of these  ' 

. . 
a l t e r n a t i v e s  would d e f i n i t e l y  r e q u i r e  s i g n i f i c a n t  Federa l  g r a n t  funds and 

f u t u r e  a v a i l a b i l i t y . o f  Federa l  g r a n t  o r  low i n t e r e s t  l oan  funds. 



.0.+.4' STATE OF GEORGIA-REVIEW OF LEGAL AND REGULATORY FACTORS OF CONCERN I N  THE 

DEVELOPMENT OF AN HP-ICES 

I n  the  development and implementation of any new concept,  i t  i s . i m p o r t a n t  

t h a t  e x i s t i n g  laws and r e g u l a t i o n s  be reviewed t o  determine what l e g a l  con- 

s t r a i n t s  may impede ox a f f e c t  a c t u a l  implementation. I n  t h i s  regard ,  s t a t e  and 

l o c a l  laws, regulat io .ns ,  codes and ordinances have been reviewed t o  determine 

what. impact they might have on t h e  cons t ruc t ion  and ope ra t ion  of a Heat Pump 

Centered-Integrated Community Energy System. I n  order  f o r  t h i s  review t o  be 

a p p l i c a b l e  t o  t he  two a p p l i c a t i o n  communities, t h e  review has  been l imi t ed  t o  

laws and r e g u l a t i o n s  of t h e  S t a t e  of Georgia and t o  codes and ordinances f o r  

t h e  c i t i e s  of Corne l ia  and Conyers, Georgia. Ex i s t i ng  s t a t u t o r y  law f o r  t h e  

S t a t e  of Georgia was review i n  t h e  form of The Code of Georgia, Unannotated, 

1978 e d i t i o n .  S t a tu to ry  laws f o r  t h e  S t a t e  of Georgia a r e  organized and 

presented i n  t h i s  pub l i ca t ion  by s u b j e c t  mat te r  which inc lude  T i t l e s  1 through 

114. . A review of t hese  t i t l e s  i nd ica t ed  only t h r e e  t i t l e s  which might have 

a p p l i c a t i o n  t o  a Heat Pump Centered-Integrated Community Energy System. These 

t i t l e s  were " T i t l e  17,  Canals,  Waters and Navigat ions,"  ' !Title 88, Publ ic  

Health," and " T i t l e  92A, Pub l i c  Safety".  

I n  reviewing T i t l e  1 7 ,  Canals,  Waters and Navigation, one chapter  i n  

p a r t i c u l a r  was found t o  have a p o t e n t i a l  e f f e c t  on the  cons t ruc t ion  of a Heat 

Pump Centered-Integrated Community Energy System. This  was Chapter 17-5,. 

"The Georgia Water Qual i ty  Control  Act". This  chapter  e s t a b l i s h e s  c e r t a i n  

laws and r e g u l a t i o n s  concerning water q u a l i t y  of t h e  s t reams,  r i v e r s  and l a k e s  

w i th in  the  S t a t e  of Georgia. The chapter des igna te s  the  Environmental Protec-  

t i o n  Div is ion  of t h e  Georgia Department of Natura l  Resources a s  t h e  s t a t e  

agency wi th  t h e  r e s p o n s i b i l i t y  f o r  implementing and enforc ing  t h e  water q u a l i t y  



laws and r e g u l a t i o n s  of t he  s t a t e .  One of t h e  requirements of t h i s  chapter  

i s  t h a t  m u n i c i p a l i t i e s  and i n d u s t r i e s  must ob ta in  permi ts  from the  s t a t e  i n  

o rde r  t o  c o n s t r u c t  and ope ra t e  wastewater. t rea tment  f a c i l i t i e s .  These permits  

a r e  a l s o  r equ i r ed  f o r  expanding o r  modifying e x i s t i n g  wastewater t reatment  

f a c i l i t i e s .  The permi ts  which a r e  i ssued  by t h e  Environmental P ro t ec t ion  

Div is ion  c o n s t i t u t e  both a Federa l  and S t a t e  permit  under t h e  Federa l  Water 

p o l l u t i o n  Cont ro l  Act of 1972 and. t h e s e  permi ts  e s t a b l i s h  t reatment  requi re -  

ments and e f f luen t '  l i m i t a t i o n s  which must be achieved by the  wastewater t r c a t -  

ment f a c i l i t y .  Consequently, t h e  planning and design of a Heat Pump Centered- 

I n t e g r a t e d  Community Energy System must eva lua t e  what e f f e c t  t h e  opera t ion  of . 

such a system w i l l  have on t h e  municipal wastewater t reatment  p l a n t  and i t s  

a b i l i t y  t o  ope ra t e  w i t h i n  t h e  l i m i t s  e s t a b l i s h e d  by i t s  permit .  

Another chapter  which may have i n d i r e c t  imp l i ca t ion  is  Chapter 17-13, 

The Georgia Safe Drinking Water Act of 1977. This  chapter  c r e a t e s  t h e  necessary 

, l aws  and r e g u l a t i o n s  needed f o r  the  es tab l i shment  of a s a f e  dr inking  water 

program f o r  t h e  S t a t e  of Georgia.  One a spec t  of such a program is  t o  prevent  

improper connect ions being made between po tab le  water systems and non-potable 

water  sources o r  wastewater sources .  One of t h e  p o t e n t i a l  dangers of a Heat 

Pump Centered-Integrated Community Energy System i s  t h e  p o s s i b i l i t y  t h a t  some- 

one w i l l  mistakenly make a connection t o  t he  HP-ICES d i s t r i b u t i o n  system, 

th inking  t h a t  i t  is  a po tab le  water d i s t r i b u t i o n  main. For t h i s  reason,  i t  

w i l l  be important  t h a t  the  p ipe ,ne twork  i n  t h e  HP-ICES be adequately marked to. . . 

avoid improper c r o s s  connect ions wi th  potab le  water systems. 

T i t l e  88, Publ ic  Heal th,  a s s igns  s p e c i f i c  r e s p o n s i b i l i t i e s  t o  the 

Georgia Department of Human Resources and t o  County Boards of Heal th f o r  t he  

p r o t e c t i o n  of t h e  pub l i c  h e a l t h .  These r e s p o n s i b i l i t i e s  inc lude  p r o t e c t i o n  



t o  t h e  water q u a l i t y  pub l i c  water supp l i e s .  This  r e s p o n s i b i l i t y  'would inc lude  

the  r e s p o n s i b i l i t y  t o  prevent  and minimize t h e  p o t e n t i a l  f o r  c r o s s  connect ions 

between potab le  and non-potable water  supp l i e s .  

8.4.5 CITY OF CONYERS GEORGIA - REVIEW OF LOCAL ORDINANCES AND CODES 

The l o c a l  codes and ordinances of t he  Ci ty  of Conyers and Rockdale 

County were reviewed t o  determine what impacts o r  r e s t r i c t i o n s  they might 

impose.on the.development of a6Hea t  Pump Centered-Integrated Community Energy 

System. Th i s , r ev i ew ind ica t ed  t h a t  t h e r e  were s e v e r a l  l o c a l  bu i ld ing  codes 

which would r e q u i r e  a n  i n  depth review i n  conjunct ion wi th  t h e  design and con- 

s t r u c t i o n  of a Heat Pump Centered-Integrated Community Energy System. The 

l o c a l  bu i ld ing  codes which have been adopted f o r  t h e  Conyers-Rockdale County 

a r e a  a r e  a s  fol lows:  

1. Southern Standard Building Code - 1976 Edi t ion  

2. Southern Standard Plumbing Code - 1975 Ed i t i on  

3 .  Southern Standard Mechanical Code - 1976 Ed i t i on  With 

1978 Amendments 

4. Nat ional  E l e c t r i c a l  Code - 1978 Ed i t i on .  

l l le f i r s t  t h r ee  (3') a r e  publ ished by the  Southern ~ u i l d i n ~  Code Congress 

I n t e r n a t i o n a l ,  Inc. ,  1 o c a t e d . i n  Birmingham, Alabama. These bui ld ing  codes 

a r e  widely used by l o c a l  governments both i n  Georgia and o the r  p a r t s  of t h e  

United S t a t e s .  These codes e s t a b l i s h  minimum cons t ruc t ion  s tandards ,which  must 

be 'followed i n  t he  cons t ruc t ion  of r e s i d e n t i a l ,  commercial and i n d u s t r i a l  

bu i ld ing .  I n  reviewing t h e  codes noted above, t h e r e  were no t  requirements  o r  

s p e c i f i c a t i o n s  found t h a t  would seve r ly  r e s t r i c t . : t h e  development of an  HP-ICES. 

There were, however, s e v e r a l  a s p e c t s  of t he  codes which would need t o  be con- 

s ide red  in .  t he  planning and des ign  of t h e  system. 



Some of t h e  requ5rements of t h e  codes a r e  a s  fo l lows:  

1. P ipes  used f o r  t r a n s p o r t i n g  non-potable water  must be  

c l e a r l y  i d e n t i f i e d  t o  avokd a c c i d e n t i a l  t i e - i n s  o r  

connec t ions  t o  t h e  po t ab l e  water  system of a home o r  

commercial es tab l i shment .  

2 .  The plumbing code e s t a b l i s h e s  o t h e r  r e s t r i c t i o n s  t h a t  : 

a r e  needed t o  prevent  cross-connect ions and backflow 

from t h e  non-potable HP-ICES'piping t o  t h e  po t ab l e  

water  system. 

3 .  -The plumbing code a l s o  e s t a b 1 i s h . e ~  minimum c r i t e r i a  

and s p e c i f i c a t i o n s  f o r  p ip ing  m a t e r i a l s  and r e l a t e d  

appurtenances t o  be  used w i t h i n  r e s i d e n t i a l  and 

commercial bu i ld ings .  

4 .  The plumbing code may a l s o  i nc lude  a d d i t i o n a l  spec i -  

f i c a t i o n s  o r  requirements  f o r  th.e HP-ICES p ip ing  a s  

a r e s u l t  of t h e  h igher  p re s su re s  which may be involved 

w i t h  t h i s  p ip ing  a s  compared w i t h  normal water d i s t r i -  

bu t ion  systems. 

5. A t  t h e  p re sen t  t i m e  t h e r e  i s  only  l i m i t e d  r e f e r ence  t o  

h e a t  pump type hea t ing  systems w i t h i n  t h e  v a r i o u s  codes.  

However, a s  h e a t  pumps become more widely used,  f u t u r e  

r e v i s i o n s  of t h e  codes w i l l  probably c o n t a i n  more 

s p e c i f i c  p rov i s ions  and c r i t e r i a  r e l a t e d  t b  hea t  pump 

s p e c i f i c a t i o n s  and i n s t a l l a t i o n  requirements .  

There were no o t h e r  l o c a l  ordinances o r  codes t h a t  would a f f e c t  o r  r e s t r i c t  

t h e  c o n s t r u c t i o n  of a Heat Pump Centered-Integrated .Community Energy System 

w i t h i n  the  Conyers, Georgia-Rockdale County a r e a .  



9.0 SITE-SPECIFIC FEASIBILITY STUDY FOR CORNELIA, GEORGIA 

. 9.1 COMMUNITY DESCRIPTION - CORNELIA, GEORGIA 

The City 'of Cornelia is located in the southeastern corner of ~abersham . .. 

County, which lies in the Piedmont Plateau Region of northeast Georgia in the 
:. 

foothills of-' the Blue Ridge Mountains. Cornelia lies along U. S. Highway 441, 

a major north-south highway, which carries a high volume of tourist traffic. 

Cornelia is located 80 miles northeast of Atlanta, 27 miles northeast of 

Gainesville, 46 miles north of Athens and 84 miles west of Greenville, South 

Carolina. 

The topography of Cornelia ranges from fairly broad,level land along 

streams and branches to gently rolling hills in the higher elevations. 

Elevation ranges from,approximately 1,400 feet ,to 1,680 feet above sea 

level. 

9.1.1 POPULATION GROWTH 

. . According to published population data, Cornelia was the second fastest 

growing city in Habersham County for the decade 1950 - 1960, the slowest grow- 

ing city in the county for the decade 1960 - 1970, and grew at approximately 

the same rate as the other six towns in the county for the period 1970 - 1977. 
Population projections for Cornelia through 1995 are as shown in ~abie 

9-1. These projections, are based.on the assumption that growth in Cornelia 

will represent a.fixed.percentage of the estimated population increase of 

Habersham County:as included in the Georgia Mountains Future Land Use Plan, 

March 1973. 



TABLE 9-1 
POPULATION AND PROJECTIONS FOR CORNELIA (1970-1995) 

Pro jec ted  Percent  
yea r s  Populat ion Populat ion ' of Increase  

Source: Corne l ia  Community Development Concept P lan ,  Georgia Mountains 

Planning and Development Commission, 197.7. 
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9.1.2 ECONOMIC- CHARACTERISTICS 

'Accelerated growth is  g r e a t l y  changing t h e  economy of Cornel ia  and Haber- 

sham County. The r eg ion  is  i n  t r a n s i t i o n  from an ag r i cu l tu ra l -o r i en t ed  base 

t o  a rapidly-growing manufacturing base.  Cornel ia  has  i n  t h e  p a s t  rece ived  

most of i t s  economic b e n e f i t s  from a g r i c u l t u r a l  p roducts .  But i n  the p a s t  two 

decades t h e  c i t y  and county have rece ived  b e n e f i t s  from inc reas ing  i n d u s t r i a l  

development and commercial a c t i v i t y .  Cornel ia  p r e s e n t l y  has a somewhat 

balanced economy wi th  r e s p e c t  t o  i n d u s t r i a l  employment, a g r i c u l t u r a l  product ion 

and r e t a i l  s a l e s  v.olume. 

Due t o  Corne l i a ' s  s i z e ,  d a t a  conerning Corne l i a ' s  economy i s . n o t  a v a i l -  

a b l e  except  a s  ,a p a r t  of Habersham County. The.economy of Habersham County 

. i s  d i v e r s i f i e d  wi th  the  l a r g e s t  p a r t  of t h e  labor  f o r c e  employed i n  manufactur- 

ing ,  t r ade ,  f i nance ,  insurance ,  r e a l  e s t a t e ,  and s e r v i c e s .  Manufacturing, which 

accounts  f o r  t h e  l a r g e s t  number of jobs i n  t h e  county, comprises 43.7% of t h e  



county ' s  employment. Finance, insurance ,  r e a l  e s t a t e ,  and s e r v i c e s  comprise 

t h e  second l a r g e s t  ca tegory  of employment i n  t he  county wi th  26.1%. Jobs 

i n  wholesale  and r e t a i l  t r a d e  comprise another  16.3% of t h e  county work f o r c e .  

The balance of employemnt is  i n  t h e  a r e a s  of cons t ruc t i ,on  w i th  8.1%, a g r i c u l t u r e  

wi th  5.2%, o r  t r a n s p o r t a t i o n  and pub l i c  u t i l i t i e s  employment w i th  3 .5%'of  t h e  

work f o r c e .  

P r o j e c t i o n s  of economic growth i n  Georgia from 1975 t o  1985 have been 

made by t h e  Georgia Economic Forecas t ing  P r o j e c t  under t h e  d i r e c t i o n  of D r .  

John Legler  a t  t h e  Univers i ty  of Georgia.  Using t h e s e  p r o j e c t i o n s  a s  an  

i n d i c a t i o n  of Corne l i a ' s  economic growth f o r  t h e  next  t e n  y e a r s ,  t h e  town can 

expec t  per  c a p i t a  income t o  i n c r e a s e  f a s t e r  than consumer p r i c e s ,  ' t o t a l  

employment t o  i n c r e a s e  approximately two and one-half pe rcen t  annual ly ,  a  s teady 

i n c r e a s e  i n  manufacturing employment and ea rn ings ,  and a concomitant i n c r e a s e  

i n  t h e  d o l l a r  volume of r e t a i l  s a l e s .  

9.1.3 LAND USE . 

The Ci ty  of Corne l ia  encompasses 1,158 a c r e s  w i t h i n  i t s  c o r p o r a t e . l i m i t s .  

R e s i d e n t i a l  ac reage  accounts  f o r  t h e  bu lk  of t h e  land usage wi th  62.7% o r  726 

a c r e s .  A g r i c u l t u r a l  usage and open space  comprise t h e  second l a r g e s t  l and  

usage ' ca t ego ry  wi th  164 a c r e s  o r  14.2%. Commercial l and  usage is  a  comparable 

131  a c r e s  o r  11.3%. Publ ic  and semi-public land usage and i n d u s t r i a l  usage 

a r e  t h e  s m a l l e s t  c a t e g o r i e s  wi th  7.8% (90 a c r e s )  and 4% (47 a c r e s ) ,  r e s p e c t i v e l y .  

The average popula t ion  d e n s i t y  is  2.5 persons per  a c r e .  

The land  use p a t t e r n  i n  Corne l ia  i s  s i m i l a r  i n  most r e s p e c t s  t o  t h a t  found 

i n  c i t i e s  of the..same s i z e .  The core ,  t h e  o l d e s t  s e c t i o n  of t h e  c i t y ,  i s  

exc lus ive ly  i n  r e t a i l  s t o r e s ,  bus iness  e s t ab l i shmen t s ,  o f f i c e s ,  banks and 

s i m i l a r  uses .  Immediately surrounding t h e  co re  a r e a  and a long  both  s i d e s  of 



t h e  r a i l r o a d  t r a c k s  a r e  l oca t ed  commercial and wholesale  es tab l i shments  . inc lud  

hardware, gaso l ine  s t a t i o n s ,  r e s t a u r a n t s ,  farm s a l e s  and s e r v i c e s  and automobile 

d e a l e r s .  S l i g h t l y  t o  t h e  sou theas t  of t h e  co re ,  most of t h e  l o c a l  government 

func t ions  a r e  concent ra ted .  

Away from t h e  co re  a r e a  of Cornel ia  a r e  found o the r  commercial u ses .  Such 

bus inesses  a r e  mainly neighborhood o r i e n t e d  such a s  grocery s t o r e s ,  a u t o  r e p a i r .  

shops, s e r v i c e  s t a t i o n s ,  and r e s t a u r a n t s .  Most of the  highway o r i en t ed  

bus inesses  which c a t e r  t o  automobile s e r v i c e s  a r e  found along U .  S. Highway 

441, 23, and 123. 

The ma jo r i t y  of i n d u s t r i a l  development i n  Cornel ia  has occurred i n  t he  

southwest s e c t i o n  of t h e  c i t y ,  whi le  res ident ia1 ,development  has  occurred 

throughout wi th  concen t r a t ions  occurr ing  t o  t he  no r theas t  and sou theas t .  . 

The C i ty  of Corne l ia ,  i t s  a t t e n d i n g  municipal  wastewater t reatment  f a c i l i t y ,  

and the  c i t y ' s  cont iguous a r e a s  t o  be considered f o r  s e r v i c e  wi th  the  proposed 

HP-WHR system a r e  i l l u s t r a t e d  i n  F igure  9-1. 

9.1.4 CLIMATE 

The c l i m a t e  of Corne l ia  i s  r e l a t i v e l y  mild wi th  mild summers and moderate 

w in te r s .  The average annual  p r e c i p i t a t i o n  is  approximately 50 inches .  This  

p r e c i p i t a t i o n  i s  nea r ly  always i n  t he  form of r a i n  wi th  snow f a l l i n g  only 

occas iona l ly  i n  w in te r .  Temperature averages f o r  summer months range from 70 

t0:8O degrees wh i l e  averages f o r  w in te r  months range from 40 t o  45 degrees 

Fahrenhei t .  Pe r iod ic  b l a s t s  of win t ry  A r c t i c  a i r  a r e  f e l t  by the Ci ty  wi th  the  

average number of f r eez ing  days being 45 t o  60. The f r o s t - f r e e  season is  

long and usua l ly  averages around 215 days. F r o s t s  can occur i n  l a t e  October 

and the  danger of f r o s t s  normally passes  by mid o r  l a t e  Apr i l .  
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9.1.5 PROPOSED SERVICE AREA 

The community a rea  proposed f o r  se rv ice  by the  Cornelia Heat Pump - Waste- 

water Heat Recovery System is r e s t r i c t e d  t o  a f a i r l y  c lose  group of commercial 

establishments,  an  i n d u s t r i a l  p lan t  and the  c e n t r a l  business d i s t r i c t .  This 

somewhat l imi ted  s e r v i c e  group was chosen a f t e r  considerat ion of the  po in t s  

presented i n  the  following paragraphs. 

The i n i t i a l  considera t ion when determining t h e  Cornelia se rv ice  a r e a  was 

proximity of thermal loads to  t h e  energy source. A s  is  the  case with many waste 

treatment f a c i l i t i e s ,  Cornelia 's  is  located  remote from the  town core and is 

s i g n i f i c a n t l y  removed from most r e s i d e n t i a l  groupings. Resident ia l  growth has 

tended to  move away from the  treatment p l a n t  area due t o  more favorable access 

t o  Gainesvil le ,  Georgia ( the  nea res t  town of s i g n i f i c a n t  s i z e )  and because of 

t h e  unpleasant s i d e  e f f e c t s  of t h e  treatment p l a n t  i t s e l f  - i .e.  odors from 

incomplete waste treatment. For t h i s  reason, the  newer, l a r g e r  residences 

o f fe r ing  t h e  g r e a t e s t  p o t e n t i a l  f o r  using t h e  thermal media provided by the  

system a r e  f u r t h e s t  from the thermal source. Those residences neares t  the  

treatment p l a n t  a r e  30 t o  40 years  o ld ,  small  and genera l ly  i n  need of weather- 

i za t ion .  These o lde r  houses a r e  typ ica l ly  heated with n a t u r a l  gas and a r e  not  

air conditioned. 

Another s i g n i f i c a n t  f a c t o r  influencing the  decis ion not  t o  dea l  s p e c i f i c a l l y  

wi th  r e s i d e n t i a l  s e r v i c e  is a lack  of predic table  r e s i d e n t i a l  growth. Communi- 

t y  development s t u d i e s  f o r  Cornelia p red ic t  small population increases over 

t h e  next 2d years with no trends which would ind ica te  housing growth i n  a 

p a r t i c u l a r  a r e a  convenient t o  serve  from the HP-WHR system. Accordingly, i t  

was determined t h a t  Cornelia 's  r e s i d e n t i a l  sec to r  d i d  not  o f f e r  an a t t r ac tgyg  

market f o r  thermal energy se rv ices  from a c e n t r a l  wastewater heat  recovery plant .  



The commercial sector  of Cornelia is primarily "Highway-oriented" or 

located i n  the  cen t ra l  business d i s t r i c t  i n  the hear t  of town. This group would 

appear t o  o f f e r  the highest po ten t ia l  f o r  thermal energy use i n  the shopping 
*Y!, - 

Lt .& , 7 

center area located w e s t  of town along the  R t .  441 Cornelia Bypass and i n  2 h e  ' 

cent ra l  bllrslness d i s t r i c t .  Factors 'favoring the  use of thermal energy through 

heat pump r e t r o f i t  are: heavy use of space a i r  conditioning, trend toward 

remodeling some of the  cen t ra l  business d i s t r i c t  shops, and a s ign i f ican t  

number of commercial shops using e l e c t r i c  res is tance heating. 

The only s ign i f ican t  i ndus t r i a l  customer present withiin the  service  area is 

the Fieldale  Poultry Processing Plant. This plant  is a l s o  the  suppl ier  of most 

of the thermal e f f luen t  contained i n  the wastewater stream. It is envisioned 

t h a t  a nearly continuous supply of 70 - 8 0 ' ~  water could be u t i l i z e d  by . 

Fieldale f o r  t h e i r  ice-making and process re f r igera t ion  requirements, thus 

eliminating t h e i r  need f o r  evaporative coolers. This arrangement would a l so  

benefit  the  system performance since the  addi t ional  heat  input during winter 

operation could be used by other buildings. 

9.1.6 BUILDING CONSTRUCTION 

As  shown i n  Figure 9-2, three  zones, categorized by loca l i t y  and building 

type, were iden t i f i ed  within the proposed service  area.  

Zone C-1 is  the  cen t r a l  business d i s t r i c t  located i n  the  hear t  of the  

City of Cornelia. It is an extremely dense building area f o r  t h i s  s i z e  town 

with an inventoried 73 commercial s t ructures ,  composed of one and two s tory 

br ick buildings, most of which have adjoining walls. I n  most cases the  building 

s h e l l s  a r e  30 to  40 years old. Many buildings have had in t e r io r  remodeling 

to  serve the  current occupants. A s  is  typical  of older commercial s t ruc tures ,  

l i t t l e  or no insulat ion is present except where added during remodeling. There 



a r e  a l s o  some newer s t ruc tu r e s  ranging i n  age from 3 t o  20 years. Most build- 

ings i n  t h i s  zone a r e  heated and cooled with forced a i r  systems. The heating 

requirements are provided by na tura l  gas furnaces o r  e l e c t r i c  res i s tance  heaters.  

Cooling is accomplished by d i r e c t  re f r igeran t  expansion systems using air cooled 

condensers. 

Zone C-2 is a new s t r i p  shopping center located on the  Highway 441 Bypass, 

When ult imate build-out po ten t ia l  is  reached, an estimated 10 commercial 

s t ruc tures  w i l l  be located on t h i s  s i t e .  The center  is typ ica l  of current  

commercial construction and cons i s t s  of masonry w a l l s ,  g lass  s to re f ron t  and a 

m e t a l  deck, insu la t ing  board and b u i l t  up roof assembly. Insula t ion is included 

i n  t he  ce i l i ngs  and walls. The s t o r e s  wi thin  the  shopping center w i l l  be 

heated by e l e c t r i c  res i s tance  heat  and cooled by roof mounted packaged a i r  

conditioning un i t s .  Each s t o r e  has its own individual  HVAC system. 

Zone C-3 is  an ex i s t ing  s t r i p  type shopping center  located on the Highway 

441 Bypass. An  estimated 8 commercial establishments w i l l  be located a t  t h i s  

site, upon completion. The center  is approximately three  years old and is 

constructed with masonry w a l l s ,  g lass  s to re f ron t  and a m e t a l  deck, insula t ing 

board and built-up roof assembly. Typically, only t he  roof is  thermally insu- 

l a ted .  The s to r e s  wi thin  the  shopping center are heated and cooled by roof 

mounted packaged air  conditioning un i t s  which u t i l i z e  e l e c t r i c  res is tance heat. 

Each s t o r e  has its own individual  HVAC system. 

Total  commercial s t r uc tu r e  square footage i n  the  three  proposed service  

zones is eqtimated a t  434, 709. The estimate is based upon ac tua l  inventories 

of the  ex i s t ing  s t ruc tures  i n  the  cen t r a l  business d i s t r i c t  (Zone C-1) and upon 

estimates of the  completed square footage of the  commercial establishments fq 

be located i n  the  two shopping centers  (Zones C-2 and C-3). 
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9.1.7 HEATING AND COOLING LOADS 

Monthly Loads 

Heating and cooling loads f o r  t h e  Cornelia study a rea  were estimated on 

a monthly b a s i s  f o r  those bui ld ing s t r u c t u r e s  served wi th in  t h e  projected 

service area. The primary emphasis i n  load development w a s  placed on monthly 

f i g u r e s  s i n c e  no g r e a t e r  degree of d e t a i l  could be j u s t i f i e d  i n  a preliminary 

study of t h i s  type. Peak loads were a l s o  developed using design condit ions 

from the  1977 Fundamentals volume of . ASHRAE Handbook and Product Directory. 5 0 

The es t imat ion of monthly heating and cooling requirements was ca lcula ted  

by t h e  computer program discussed previously i n  Chapter 8.0 of t h i s  repor t .  

The input  t o  t h e  ca lcu la t ion  procedure takes i n t o  account building area  served 

and u n i t  bui ld ing energy requirements determined by t h e  program use r  f o r  build- 

ing  type and c l imatological  zone. 

The s e r v i c e  a r e a  under considerat ion f o r  Cornelia contains only commercial 

establishments and an  i n d u s t r i a l  p lan t  located c lose  Lo t h e  proposed c e n t r a l  

heat  recovery p lan t .  Building count and a rea  were estimated from f i e l d  surveys 

and da ta  excerpt  from t h e  Cornelia Community Development plan5' prepared by the  

Georgia Mountains,Area Planning and Development Commission. Experience with 

commercial bui ld ing energy use  p a t t e r n s  i n  the  southeast  ind ica tes  t h a t  annual 

2 
hea t  losses  w i l l  t o t a l  approximately 50 MBtulft and t h a t  cooling requirements 

2 w i l l  be i n  t h e  range of 32 MBtu/ft f o r  t h e  type bui ld ings  found i n  the  Cornelia 

s e r v i c e  area .  

Monthly heat ing and cooling loads w e r e  determined by apportioning the  

annual requirement according t o  t h e  percentage of heating or  cooling degree 

days occurring i n  a p a r t i c u l a r  month. Heating and cooling degree days were 



. . 

/ taken from "Monthly Normals of Heating and Cooling ,Degree Days 1941 ' -  1970", 

publ ished by t h e  National  Cl imat ic  Center,. Ashevi l le ,  ~ o r t h  ' ~ a r o l i n a .  55 Table 

9-2 is  a summary of t he  percentage f i g u r e s  u t i l i z e d  i n  appor t ion ing  t h e  annual  

load e s t ima te s .  

TABLE 9-2 
Annual Heating and Cooling Degree Days 

Cornel ia ,  Georgia 

Heating Coo 1 i n g  

Month Degree Days % Tota l  m e e  Days % Tota l  

Jan.  

Feb . 
March 

A p r i l  

May - 

June ' 10 0.3 244 20.3 

J u l y  

' August 

Sep t . 
Oct. 

Nov . 
Dec . 

I n d u s t r i a l  energy requirements a r e  s i g n i f i c a n t l y  more d i f f i c u l t  t o  e s t i -  

mate without  a d e t a i l e d  a n a l y s i s  of process  and environmental c o n s t r a i n t s .  

However, t o  account' f o r  a p o t e n t i a l  energy c r e d i t  from the  i n d u s t r i a l  concern 

included i n  t h e  s e r v i c e  a r e a ,  a cons t an t  monthly cool ing  requirement of 230 

MBtu/month was allowed. This cool ing  requirement r ep re seu t s  a cons tan t  demand 



at the subject plant for condenser water service for ice-making equipment. 

Table 9-3 presents a month-by-month summary of the total projected thermal 

load on the HP-WHR system. The results of the computerized load calculations 

and p,eak load determinations are presented in Appendix D. 

TABLE 9-3 
CORNELIA HP-WHR SYSTEM LOADS 

PERIOD 
HEATING 
ETU x 109 

COOLING 
BTU x ioy 

Jan. . . 4.564 0.0002 

Feb: 3.760 0.0002 

March 3.065 0.139 

May 

June 

July 

August 

Sept. 

Oct. 

Nov . 
Dec. 

Peak Heating Load .- 

4.. 456. 

21.736 x 10' BTU 

2.826 

3.730 

3.574 

0.922 

0.374 

0.0002 

0.0002 

13.053 x lo9 BTU 

As mentioned above, peak loads were estimated using the procedures and 

design conditions from the ASHRAE  andb book.^' The degree day formula, with 

terms rearranged to solve for the peak load, P, was utilized as shown below: 



P = 
(E) X .(TD). 
(DD) x (24) 

Where : . . 

P: - Design heating load per hour 

E = Heat energy required 
. . 

TD = Design,temperature difference 

DD = Heating degree days 

For. this estimate: 

9 E = 4.564 x 10 Btu - from the computer load estimate for ~anuir~ 

TD = 70' - 17' = 53'~ - desired inside temperature minus the 99% design 
temperature for Cornelia. 

DD = 732 - from Table 9-2. * 

Thus 

Peak Cooling Load. 

Utillzlng the design figures' of an average 350 square feet per peak ton 

of refrigeration for commercial structures, the peak cooling load for the pro- 

posed Cornelia service area was estimated as follows: 

2 
Peak Cooling Load = 

434,709 ft (building area served) 
350 ftz/ton 

= 1242 Tons 



9.1.8 THERMAL ENERGY RESOURCES 

? 

As noted in earlier chapters of this report, the low-grade heat in a 

community's wastewater will be utilized as the thermal energy source in an 

HP-WHR based HP-ICES. Also as explained earlier, many,site-specific variables 

affect the amounts and availability.of thermal energy from this source at any 

particular point of application. To determine the quantities of thermal energy 

available at a specific demonstration community necessarily involves examin- 

ation and analysis of the community's wasrewaLer.collectinn and treatment 

facilities along with any appropriate documentation of operating conditions, 

performance, etc. The following sections examine the wastewater facilities 

of the Cornelia, Georgia community and develop estimates of the thermal energy 

available to an HP-WHR installation at a proposed location in Cornelia. 

CITY OF CORNELIA. GEORGIA WASTEWATER FACILITIES 

The City of Cornelia cdmpleted in July 1977 a comprehensive review of its 

wastewater collection and.treatment facilities in the form of a 201 Facilities 

60 
Plan under E.P.A. Project i/ C130585-01-0. Pertinent data and descriptions 

from this report will be adopted as the basis for the evaluation of thermal 

energy availability at 'the Cornelia community. 

The layout of the wastewater system, detailing location of lines, sizes, 

manholes, pump stations, and force mains, is depicted on Figure 9-3, reproduced 

from the 201 Plan. Also shown .on this layout are..the major division lines 

between the flow metering areas employed for the 201 Study Analysis. Sections 



of the  system vary i n  age from one year t o  65 years. The older port ion of the 

system is composed of concrete pipes with concrete j o in t s  and is  located 

pr incipal ly  i n  the downtown area ,  located i n  flow metering area  3 and the 

western port ion of a rea  4. The most recent ly  constructed sewers a r e  located 

i n  flow metering areas  2 and 6, and the  ou t sk i r t s  of area  7. Sewer construction 

i n  these areas  incorporates t e r r a  co t t a  pipe with rubber O-ring sealed jo in t s .  

The general condition of the e n t i r e  sewer system is good r e l a t i v e  to  deter iora t ion 
, 

of ex i s t ing  pipes and manholes. 

The o r ig ina l  Cornelia Treatment Plant  was b u i l t  a t  i ts  present locat ion 

i n  1963. The or ig ina l  p lant  consisted of coarse screening, g r i t  removal, f i n e  

screening (1/411), primary c l a r i f i c a t i on ,  low r a t e  t r i ck l i ng  f i l t e r ,  polishing 

pond, anaerobic sludge digest ion (uncovered),and sanddrying beds. The f a c i l i t y  

was expanded i n  1967 with the  following addit ions:  a second primary c l a r i f i e r ,  

a l a rge  high rate t r i ck l i ng  f i l t e r ,  a secondary c l a r i f i e r ,  and a second 

anaerobic sludge digestor  (uncovered). More recent ly ,  and i n  response t o  the  

NPDES permit requirements f o r  f e c a l  coliform removal and post-treatment aera t ion,  

a chlorine feed system and contact basin with cascading o u t f a l l  were added t o  

the  process. The chlor inat ion system and cascading o u t f a l l  became operational  

i n  mid-July 1976. The p lan t  as i t  e x i s t s  today is shown i n  Figure 9-4. 

FLOW AND TEMPERATURE DATA - CORNELIA, GEORCIA 

As discussed i n  Chapter 10.0 - COMPONENT TESTING, s i t e - spec i f ic  temperature 

and flow measurements a r e  the  necessary f i r s t  s t ep  i n  developing a da ta  base 

fo r  determining the  thermal energy avai lable  a t  any pa r t i cu l a r  s i t e  of appli-  

cation. Measurement of these parameters a t  t he  Cornelia sewage treatment 

f a c i l i t y  were performed during the  period 10/13/78 t o  10/20/78. Temperature 

measurement was with a Simpson Type 23103 por table  s t r ip-char t  recorder with 
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a type R-22, 3-SE100-120 r e s i s t a n c e  temperature device (RTD). Measurements 

were made a t  two-points i n  t h e  sewage treatment p lant :  1.) p l a n t  i n f l u e n t  

a t  t h e  head of t h e  g r i t  chamber, and 2.) a t  t h e  secondary c l a r i f i e r  ( e s s e n t i a l l y  

t h e  last point  i n  t h e  treatment process before discharge).  Flow measurement 

was taken from e x i s t i n g  p l a n t  instrumentation. Results  a r e  presented graphical ly 

(Flow vs.  Time and Temperature vs.  Time) i n  Figure 9-5 and summarized i n  Table 

F ~ Q W  was found t o  be on a d a i l y  cycle,  as expected, with s i g n i f i c a n t  peaks 

a t  mid-morning (9:30 - 1l:OOam) and mid-afternoon (1:30 - 3:UUpm) during tha 

weekdays (no doubt due t o  t h e  Monday through Friday operat ion of t h e  F ie lda le  

poul t ry  processing p l a n t  which produces approximately 72% of t h e  wastewater 

processed a t  t h e  Cornelia p lan t ) .  Flow was noticed t o  be f a i r l y  constant  and 

a t  a low l e v e l  on t h e  weekend wi th  Saturday flows a t  a r e l a t i v e l y  higher l e v e l  

(and with severa l  s i g n i f i c a n t  peaks) than on Sunday. Average Daily Flow (ADF) 

during t h e  weekdays was 1,640,000 gal lons  per  day (1.65 MGD). ADF during the  

weekend w a s  350,000 ga l lons  per day (.35 MGD). Weighted ADF over the  e n t i r e  

week is 1.25 MGD. 

Plant  i n f l u e n t  temperature on the  weekdays seemed t o  follow with the  

l e v e l  of flow (again l i k e l y  contingent on F ie lda le ' s  discharge) with high tem- 

pera tures  ranging from 9 5 O ~  t o  10g°F, peaking usua l ly  i n  l a t e  afternoon (4:OOpm 

o r  l a t e r )  o r  i n t o  t h e  evening hours. High temperatures on t h e  weekend ranged 

from 820F t o  900F. Low temperatures on p l a n t  i n f l u e n t  occurred usual ly  during 

t h e  e a r l y  morning hours (7:0d - 9:OOam) and ranged from 7 0 O ~  t o  820F. 

Temperatures a t  the  secondary c l a r i f i e r  remained r e l a t i v e l y  constant  a t  

a l l  times during t h e  day and week, ranging from 680F t o  82OF. S l igh t ly  highsr  

temperattires seemed t o  p r e v a i l  i n  the  c l a r i f i e r  during t h e  weekend (perhaps due 
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t o  t h e  extended r e t e n t i o n  ' t i m e  - up t o  15  hours - made necessary  by t h e  low 

weekend f low l e v e i s )  . 
It is expected t h a t ,  f o r  t h e  Cornel ia  wastewater system, sewage flows w i l l  

cont inue  t o  show a d a i l y  p a t t e r n  of high flows during normal.working hours due 

t o  t h e  cont inuing  presence of t h e  F i e l d a l e  p l a n t ,  and lower flows during evening 

and e a r l y  morning hours .  The weekend p a t t e r n  of p ropor t iona te ly  lower flows 

w i l l  a l s o  l i k e l y  cont inue .  

It is a l s o  expected t h a t  t h e  temperature of t h e  p l a n t  i n f l u e n t  w i l l  

cont inue  t o  e x h i b i t  d a i l y  peaks of approximately 104OY diiring the l a t c  a f  ter- 

noon hours of t h e  weekdays, due t o  t h e  r e l a t i v e l y  cons t an t  temperature d ischarge  

of F i e l d a l e ' s  p rocesses .  Temperatures a t  t he  secondary c l a r i f i e r  w i l l  cont inue 

on t h e i r  r e l a t i v e l y  cons t an t  t r end .  Extreme seasonal  i n f luences  may reduce t h e  

ope ra t ing  temperatures  somewhat, bu t  w i l l  no t  s i g n i f i c a n t l y  a f f e c t  t he  a v a i l -  

a b i l i t y  of t h e  thermal energy a t  t h i s  source.  

From t h e  above c h a r a c t e r i z a t i o n  of t he  Cornel ia  wastewater condi t ions  i t  

i s  apparent  t h a t  s i g n f i c a n t  amounts of thermal energy a r e  a v a i l a b l e  f o r  rec la im 

wi th  an HP-WHR system. The next  r e p o r t  s e c t i o n  w i l l  d i s c u s s  b r i e f l y  t h e  f a c t o r s  

p e r t i n e n t  t o  t h e  wastewater system which w i l l  a f f e c t  t h e  l o c a t i o n  of the HP-WHR 

c e n t r a l  s t a t i o n  and w i l l  develop e s t ima te s  of t he  q u a n t i t i e s  of thermal energy 

a v a i l a b l e  a t  t h e  proposed l o c a t i o n .  

CENTRAL PLANT LOCATION & THERMAL ENJIRGY ESTIMATE 
' I .  

A s  bxbiained i n  t h e  d i scuss ion  of t he  proposed s e r v i c e  a r e a ,  p r imar i ly  
. . 

commercial customers w i l l  be served from the  i n i t i a l  system. The most 

a t t r a c t i v e  s e r v i c e  a r e a s ,  t he re fo re ,  w i l l  be t he  c e n t r a l  bus iness  d i s t r i c t  and 

t h e  two shopping c e n t e r s  developing along the  newly cons t ruc ted  Cornel ia  By-pass. 

In spec t ion  of t h e  sewer system l ayou t  r e v e a l s  t h a t  a c e n t r a l  s t a t i o n  s i t e d  i n  



TABLE 9-4 
CORNELIA, GA. WASTEWATER SYSTEM 
SEWAGE TREATMENT PLANT DATA . . 

TEMPERATURES . 

Day 
FRI 10113 
SAT 10/14 
SUN a0115 
MON 101.16 
TUE 10117 
WED 10/18 
TMUR 10/19 
FRI 10/2C1 

PLANT INFLUENT 

LOW ('OCIOF) High (OC/OF) 

28/82 36/97 
241 75 321 90 
25/77 281 82 
211 70 35/95 
23/73 391102 
25/77 401104 
26/79 431109 
26/79 401104 . 

FLOW 

Low : 4167 5 (3 0.1 MGD) SUN 10115 5 :00pm 

High : 154,167 5, (= 3.7 MGD) MON 10116 12 : 15pm 

weekday A V ~  : 1,~40,0oo GPD* 

. .  ,. . Weekend Avg: 350,000 GPD* 

SECONDARY CL4RIFIER 

Low (OCI0F) High (OCI0F) 

28/82 30186 
28/82 ' 28/82 ' 

20168 23/73 
19/66 23/73 

. 22/72 25/77 
241 75 25/77 
24/75 . ' 241 75 
----- ----- 

* FRGN E.P .A. 201 FACILITIES PLAN 60 



t h e  vacan t  a r e a  bordered by Fos t e r  S t r e e t ,  Wayside S t r e e t ,  and Level Grove 

Road would have a c c e s s  t o  t h e  p a r a l l e l  sewer mains which c a r r y  t h e  bu lk  of t he  

community wastewater e f f l u e n t ,  i nc lud ing  t h e  d i s cha rge  from t h e  F i e l d a l e  p l a n t ,  . , . . 

t o  t h e  sewage t rea tment  p l a n t .  Thus, t h e  wastewater f lows from flow meter ing 

a r e a s  IA-C, 2, 3 ,  4, 5,  and F i e l d a l e  would be  a v a i l a b l e  f o r  h e a t  r ec l a im  a t  t h e  

c e n t r a l  s t a t i o n .  A s t a t i o n  s i t e d a t  t h i s  l o c a t i o n  would a l s o  be c e n t r a l  t o  a  

d i s t r i b u t i o n  system s e r v i n g  t h e  two main s e r v i c e  a r e a s ,  being approximately 

mid-way on a l i n e  between the  c e n t r a l  bus iness  d i s t r i c t  and t h e  new shopping 

c e n t e r s .  

From Chapter 2.0 - POTENTIAL APPLICATIONS, t h e  t o t a l  amount of h e a t  a v a i l -  

a b l e  from t h e  thermal  supply (wastewater) can be  c a l c u l a t e d  from equat ion  (2-2) 

shown below: 

Q = W C (AT) 

Where : 

Q = t o t a l  hea t ,  Btu 
W = flow of wastewater ,  lbm 
C = s p e c i f i c  h e a t  o f  wastewater (assumed t o  be  1 .0  ~tul lbm-OF) 

AT = change i n  temperature  :of supply medium a c r o s s  t h e  c e n t r a l  s t a t i o n  
equipment h e a t  exchanger,  OF 

For t h e  purpose of making nat ionwide p r o j e c t i o n s  on a v a i l a b l e  thermal 

energy from wastewater ,  f low was def ined  a s  a  f u n c t i o n  of n a t i o n a l  popula t ion ,  

and i n d u s t r i a l  wastewater d i s cha rges  ( a  s i g n i f i c a n t  source  of r e j e c t  thermal 

energy) were ignored due t o  i n s u f f i c i e n t  d a t a .  However, due t o  t h e  a v a i l a b i l i t y  

I * 
of t h e  201 F a c i l i t i e s  Plan f o r  t h e  Corne l ia  community and sewage system, a c t u a l  

f low d a t a  f o r  t h e  v a r i o u s  flow meter ing a r e a s  i n  t h e  community w i l l  be used 

a s  t h e  b a s i s  f o r  t h e  estimates f o r  a v a i l a b l e  thermal energy. It should be noted 

t h a t  t he se  f i g u r e s  a l s o  i nc lude  i n d u s t r i a l  d i s cha rges .  

Flow d a t a  from t h e  201 s tudy  i s  presen ted  i n  t abu la r  form a s  Table 9-5, 

242 



TABLE 9-5 
CORNELIA, GA. WASTEWATER SYSTEM 
GENERAL FLOW METERING AREA DATA . . . 

. . .  
. . 

BLOW SEWER AVERAGE 
METERING LINEAR FT. . DIAMETER DAILY FLOW 

AREA OF SEWER (INCHES) (GPD) 

10 3 3,300 i4, ooo 

7(W/O FIELDALE) 38,600 18 93,000 

F I ELDALE 920,000 

TOTAL , 141,900 FT. 1,271,600 GPD 



and schemat ica l ly  a s  F igure  9-6. Figure 9-6 a l s o  d i s p l a y s  schemat ica l ly  t he  

proposed l o c a t i o n  of t h e  HP-WHR c e n t r a l  s t a t i o n  f i a c i l i t y  i n  r e l a t i o n  t o  the  

o v e r a l l  sewer system. Thus, t h e  c e n t r a l  s t a t i o n ,  i n s t a l l e d  a t  t h i s  proposed 

l o c a t i o n  wi th  t h e  necessary  s t o r a g e  c a p a c i t i e s  t o  absorb t h e  d i u r n a l  f l u c t u -  

a t i o n s  i n  f low and t ake  advantage of ttie f u l l  a v a i l a b l e  wastewater flow,.would 

have access .  t o  a n  average f low (ADF) of 1,095,600 ga l lons  per  day (1.096.MGD - .  

t h e  sum of f lows from meter ing a r e a s  l A ,  l B ,  l C ,  2, 3 ,  4 ,  5 ,  and F i e l d a l e ) .  

Note t h a t  t h i s  f i g u r e  i s  a  weighted d a i l y  average of flows over a  one week 

per iod .  Weekend f lows may be s i g n i f i c a n t l y  l e s s  than t h i s  weighted average, 

t hus  t h e  n e c e s s i t y  of i nco rpora t ing  some form of s t o r a g e  capac i ty  i n t o  the  

c e n t r a l  s t a t i o n  des ign .  

Temperature d a t a  from the  sewage t rea tment  f a c i l i t y , w i l l  a i s o  be u t i l i z e d  

i n  developing e s t i m a t e s  of a v a i l a b l e  thermal energy. It is  duly noted t h a t  

t h e  cond i t i ons  documented h e r e i n  are from a  somewhat a r b i t r a r i l y  s e l e c t e d  one- 

week period which may o r  may no t  have been r e p r e s e n t a t i v e  of cond i t i ons  t o  be 

expected over a n  annual  cyc l e .  However, i n spec t ion  of t h e  seven-day flow 

c y c l e  r e v e a l s  no c h a r a c t e r i s t i c s  which would i n d i c a t e  i t  t o  be a t y p i c a l .  

Fur ther ,  s i n c e  t h e  flow p a t t e r n  documented i n  t h i s  e f f o r t  co inc ides  q u i t e  

a c c u r a t e l y  wi th  t h a t  found dur ing  the  E.P.A. 201 F a c i l i t i e s  Plan a n a l y s i s ,  i t  

i s  a n t i c i p a t e d  t h a t  t h e  clocumented weekly flow cyc le  can indeed be taken a s  

t y p i c a l .  The temperatures  of t h e  wastewater,  on t h e  o the r  hand, . w i l l  . l i k e l y  

e x h i b i t  more s i g n i f i c a n t  v a r i a t i o n s  due t o  s easona l  i n f luences .  However, due 

t o  the f a k t  t h a t  t he  major c o n t r o l l i n g  f a c t o r  on wastewater temperature ( a t  

l e a s t  d u r i n g  the  f i v e  weekdays) is t h e  temperature of F i e l d a l e ' s  p rocess . -d is -  

charge, i t  is  a n t i c i p a t e d  t h a t  t h e  a f f e c t  of ambient temperature changes on 

t h e  wastewater temperature w i l l  b e  moderated somewhat. The temperature and 





f low d a t a  presen ted  h e r e  and u t i l i z e d  i n  t h e  fo l lowing  e s t ima te  of a v a i l a b l e  

thermal  energy a r e  presen ted  p r imar i l y  t o  provide a f i r m  base  f o r  t h i s  "bal lpark" 

e s t ima te .  F igure  9-7 i s  a Temperature v s .  Durat ion curve f o r  p l a n t  i n f l u e n t  ' 

I 

temperature  dur ing  t h e  pe r iod  10113178 through 10120178, developed from t h e  

s t r i p - c h a r t  temperature  p l o t .  A weighted average of t h e  d a t a  shows t h e  average 

temperature  t o  be  8 6 O ~ .  
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. A  t h i r d  cond i t i on  t o  be def ined  f o r  the  thermal energy est imate.  is  t h e  

change i n  temperature of t h e  hea t  supply medium, AT i n  equat ion  (2-2), which 

could be achieved ac ros s  t h e  c e n t r a l  s t a t i o n  equipment h e a t  exchanger. Essen- 

t i a l l y  t h i s  would r ep re sen t  the  h e a t  t r a n s f e r r e d  out  of t he  wastewater flow. 

.Theore t ica l ly ,  h e a t  could be removed from a water source  down t o  approximately 

. 320F. However, due t o  equipment ope ra t ing  c h a r a c t e r i s t i c s ,  a p r a c t i c a l  l i m i t  

of 30°F can be  s e t  f o r  AT. 

Inspec t ion  of equat ion  (2-2) r e v e a l s  thaL t h e  g r e a t e s t  q u a n t i t y  of h e a t  

would be reclaimed wi th  t h e  l a r g e s t  AT poss ib l e ,  i n  t h i s  case  AT = 30%. 

General HVAC system des ign  p r a c t i c e  d i c t a t e s  a AT 2 10°F. However, i n  t h i s  

p a r t i c u l a r  a p p l i c a t i o n ,  l a r g e r  AT's may be necessary o r  d e s i r a b l e .  Therefore,  

i n  order  t o  b racke t  the  ope ra t ing  cond i t i ons  which may be  i n  e f f e c t  a t  t h e  

c e n t r a l  s t a t i o n ,  AT's of 10oF, 20°F, and 30°F w i l l  be considered.  Est imates  

of the  thermal energy a v a i l a b l e  f o r  rec la im from Corne l i a ' s  wastewater can now 

be ca l cu la t ed  . 
. A s  a n  example, and u t i l i z i n g  equat ion  (2-2), the  energy reclaimed from 

community 'wastewater would be c a l c u l a t e d  thus ly  : 

AVG. DAILY FLOW - 1,095,600 ga l lons  

l b x  Btu 
QDAILY 

= 1,095,600 gg x (8.33 -) x (1.0 lbm-oF ) x (30°F) 
day g a l  

Btu = 273,790,440 - 
day 

Derived through t h i s  e s t ima t ive  metho'dology, Table 9-6 summarizes t he  

q u a n t i t i e s  of thermal energy p o t e n t i a l l y  a v a i l a b l e ,  on a d a i l y  b a s i s ,  

t o  an  HP-WHR system i n s t a l l e d , a t  t he  proposed l o c a t i o n  i n  Corne l ia  and ope ra t ing  

a t  t he  va r ious  cond i t i ons  d iscussed  i n  t h e  foregoing paragraphs. 



TABLE 9-6 ' 

HEAT AVAILABLE FROM WASTEWATER 
CORNELIA, GEORGIA 

QDAILY 
WASTEWATER C~NDITIONS . AVG. DAILY 

AT('F) IN (OF) OUT (OF) HEAT RECOVERY 
(B tu l  day) 

An important  c o n s i d e r a t i o n  i n  t h e  a p p l i c a t i o n  of an HP-WHR system t o  a 

community i s  t h e  ba lance  between t h e  p o r t i o n s  of t h e  community served by the  

wastewater c o l l e c t i o n  and t rea tment  system and the  p o r t i o n  of t h e  community 

proposed f o r  s e r v i c e  by t h e  h e a t  pump system. Based upon t h e  above e s t ima te  

of thermal energy a v a i l a b l e  a t  t h e  Corne l ia  HP-WHR c e n t r a l  p l a n t  and upon t h e  

assessment  of t h e  proposed s e r v i c e  a r e a s ,  t he  space cond i t i on ing  requirements  

of t h e  73 commercial s t r u c t u r e s  i n  t h e  c e n t r a l  bus iness  d i s t r i c t  and of t he  

approximate 18  s t r u c t u r e s  which w i l l  u l t i m a t e l y  be cons t ruc t ed  i n  t h e  two. 

shopping c e n t e r s ,  and a ' p o r t i o n  of F i e l d a l e ' s  p rocess  requirements  can be 

se rved  under t h i s  system a p p l i c a t i o n .  Examination of t h e  wastewater c o l l e c t i o n  

system l ayou t  and of e x i s t i n g  l and  use  p a t t e r n s  and bu i ld ing  l o c a t i o n s  r e v e a l s  

t h a t ,  due t o  t h e  proposed l o c a t i o n  of t h e  HP-WHR c e n t r a l  p l a n t  and i t s  

a t t e n d a n t  take-off from t h e  sewer t runk  l i n e s ,  on ly  a  p o r t i o n  of t h e  community 

w i l l  s e r v e  t o  supply wastewater l thermal  energy t o  t h e  h e a t  pump system. A 

f i e l d  inventory  of Corne l ia  and cont iguous a r e a s  performed f o r  t h e  Corne l ia  

5 7 
Community Development Concept P l an  i n d i c a t e s  t h a t  868 r e s i d e n t i a l  s t r u c t u r e s ,  

194 commercial and p u b l i c  s t r u c t u r e s ,  and 11 i n d u s t r i a l  s t r u c t u r e s  a r e  served 

by the  wastewater c o l l e c t i o n  system p r i o r  t o  ' the HP-WHR system t i e - i n .  Of 



primary consequence i s  t h e  f a c t  t h a t  t h e  wastewater e f f l u e n t  from F i e l d a l e ,  

which comprises approximately 72% of t he  t o t a l  average d a i l y  wastewater flow 

from .the community, is  a v a i l a b l e  a t  the  proposed c e n t r a l  p l a n t  l o c a t i o n .  

Obviously, w i th  t h i s  composite s e r v i c e  a r e a  ( r e s i d e n t i a l ' ,  comniercial, and 

i n d u s t r i a l  d i s cha rges )  on t h e  wastewater system, a conc ise  balance r a t i o  cannot 

be draivl~ as cuuld be  f o r  t h e  pure ly  r e s i d e n t i a l  s e r v i c e  ~ o n y e r s  system. However, 

t h e  above f i g u r e s  d e t a i l i n g  t h e  r e s p e c t i v e  s e r v i c e  a r e a s  of t h e  wastewater and 

h e a t  pump systems should s e r v e  t o  i l l u s t r a t e  t h e  ba lance  between t h e  two. 



9.2 CORNELIA SYSTEM DESCRIPTION 

The wastewater h e a t  recovery system f o r  t h e  Corne l ia  community w i l l  

i n t e r c e p t  w a r m  sewage e f f l u e n t  from community i n d u s t r i e s  and t h e  major i ty  

of community r e s i d e n t i a l  bu i ld ings  and e x t r a c t  h e a t  u l t i m a t e l y  t o  be used by 

s e l e c t e d  commercial and i n d u s t r i a l  customers.  The Cornel ia  system concept,  

wh i l e  not  d i f f e r e n t  from t h e  concept of e x t r a c t i n g  low-grade h e a t  from sewage, 

d i f f e r s  from the  o r i g i n a l  Heat Pump-Wastewater Heat Recovery System concept 

of rascaded hea t  pumps i n  s e v e r a l  a r e a s .  These aEsas a r e  b r i e f l y  ou t l i ned  i n  

fo l lowing  d i scuss ions .  

The r e l a t i v e l y  high temperature of the sewage e f f l u e n t  encountered i n  

0 
t h e  Cornel ia  community wastewater c o l l e c t i o n  system (86 F) sugges ts  t h a t  a  

/ 

water-to-water h e a t  exchanger might be more p r a c t i c a l  f o r  e x t r a c t i n g  the  

waste hea t  contained i n  the  sewage e f f l u e n t  than us ing  a  c e n t r i f u g a l  hea t  pump. 

With t h i s  system modif ica t ion ,  d i s t r i b u t i o n  system water t'emperatures of 

approximately 7 0 ' ~  should be ob ta inab le  f o r  u se  by end-user hea t  pump systems 

throughout the  community. I n  t he  event  t h a t  wastewater temperatures  were 

lowered due t o  d i l u t i o n  o r  unforeseen cu r t a i lmen t  of thermal d ischarges  i n t o  

t h e  sewer system, t h e  h e a t  exchanger component could be. e a s i l y  rep laced  wi th  

a  c e n t r a l  h e a t  pump of t h e  type  envisioned f o r  t he  b a s i c  HP-WHR System. 

Another v a r i a t i o n  from t h e  original'Heat,Pump-Wastewater Heat Recovery 

System concept i s  the  use of an  evapora t ive  cool ing  tower t o  d i s s i p a t e  bui ld-  
, 

ing  hea t  i n  t h e  summer r a t h e r  than  d i r e c t  hea t  r e j e c t i o n  t o  t h e  wastewater 

stream. A s  demonstrated i n  t he  e a r l i e r  concepts ,  t h e  evapora t ive  coolillg 

component o f f e r s  a  s i g n i f i c a n t  energy conserva t ion  p o t e n t i a l  e s p e c i a l l y  when 

one cons iders  t h e  high temperature of the  wastewater s t ream i n t o  which the  

c e n t r a l  h e a t  pump would have t o  r e j e c t  bu i ld ing  h e a t . .  F igure  9-8 is  a s i n g l e  
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l i n e  schematic  diagram f o r  t he  Corne l ia  HP-WHR system. 

The end-users se rved  by t h e  Heat Pump-Wastewater   eat Recovery s y s t e m  

w i l l  be  a  s u b s e t  of t h e  Corne l ia  community composed of s e l e c t e d  i n d u s t r i a l  

and commercial e s t ab l i shmen t s  and t h e  c e n t r a l  bus ines s  d i s t r i c t .  This  subse t  

was chosen because of i t s  proximity t o  t h e  thermal energy source ,  i t s  high 

dependence on e l e c t r i c  r e s i s t a n c e  hea t ing  a s  a  c u r r e n t  energy source ,  and t h e  . 

pe rcep t ion  t h a t  t h e s e  segments of t h e  community would b e t t e r  be a b l e  t o  r e t r o f i t  

t h e i r  b u j l d i n g s  and e s t ab l i shmen t s  t o  use  rhe reeovcred h e a t  than  would t he  

t y p i c a l  r e s i d e n t i a l  consumer i n  t h e  C i ty  of Corne l ia .  

The HP-WHR c e n t r a l  s t a t i o n  w i l l  be s i t e d  on a  p a r c e l  of l and  c e n t r a l l y  

l o c a t e d  and i n  c l o s e  proximity t o  t h e  fou r  proposed s e r v i c e  zones. . In te r -  

connect ion w i t h  t h e  ex i s t i ng .was t ewa te r  col l .ect ion system w i l l  be. a t  a  po in t  

on t he  main t runk  l i n e  c ros s ing  t h e  s e l e c t e d  c e n t r a l  p l a n t  s i te .  The c e n t r a l  

p l a n t  l ayou t  and p ip ing  in t e r connec t ion  w i l l  be  a s  i l l u s t r a t e d  i n  F igure  9-9: 

The warm water  d i s t r i b u t i o n  system f o r  t h e  s e l e c t e d  s e r v i c e  a r e a s  w i l l  be 

designed and rou ted  a s  i l l u s t r a t e d  i n  F igure  9-10. ' 

The HP-WHR system a p p l i c a t i o n  i n  t h e  Corne l ia  community o f f e r s  t h e  unique 

oppor tun i ty  t o  e v a l u a t e  h e a t  recovery from wastewater e f f l u e n t  through d i r e c t  

h e a t  exchange techniques ,  thermal  energy d i s t r i b u t i o n  t o  end-users,  and t h e  

u l t i m a t e  u se  of t h a t  low-grade thermal energy by commercial and i n d u s t r i a l  

consumers. 1 t . i ~  f e l t  t h a t  t h e  proposed system concept o f f e r s  t h e  g r e a t e s t  

p o t e n t i a l  f o r  implementation by the Cornel ia  community. 

9 .2 .1  SYSTEM DESIGN CALCULATIONS 

The major components comprising t h e  HP-WHR system which a r e  t o  be s p e c i - ,  

f i e d  i n  a system development s tudy  inc lude  t h e  c e n t r a l  hea t  pump, t he  thermal 

s t o r a g e  v e s s e l ,  t h e  cool ing  tower, a u x i l i a r y  pumps, and end-user h e a t  pumps. 





TO SEWAGE 
TREATMENT FACILITY 

\ 
SERVICE AREA AND DISTRIBUTION PIP"'" 

\ FIGURE 9-10 



However, s i n c e  f o r  any system t h e  end-user hea t  pump s p e c i f i c a t i o n  w i l l  be 

. neces sa r i l y  s t r u c t u r e - s p e c i f i c ,  s i z i n g  of those components w i l l  no t  be addressed 

i n  t h i s  r e p o r t  . s e c t i o n .  The remafnder of t h e  major component des ign  calcu-  

. . 
l a t i o n s  a r e  presen ted  i n  t h e  fo l lowing  paragraphs.  

Cen t r a l  Heat Exchanger . . .. . . . 

The c e n t r a l  h e a t  exchanger w i l l  s e r v e  i n  l i e u  of a  c e n t r a l  hea t  pump t o  ' 

' 

t r a n s f e r  t h e  low-grade ' thermal  energy i n  Corne l i a ' s  wastewater t o  t h e  HP-WHR 

system t r a n s p o r t  media, Due t o  t he  f a c t  t h a t  t h e  c e n t r a l  s t a t i o n  i s  loca t ed  

on a  s i t e  away from t h e  sewage t rea tment  f a c i l i t y ,  t h e  p o t e n t i a l  f o r  warm 

wastewater s t o r a g e  i n  t h e  f a c i l i t i e s  c l a r i f i e r s  w i l l  n o t  be a v a i l a b l e .  Thus 

t h e  c e n t r a l  h e a t  exchanger must be of s u f f i c i e n t  s i z e  t o  t ake  advantage of t h e  

. p e a k  wastewater f lows dur ing  a  d a i l y  cyc le .  Peak flow dur ing  t h e  documented 

per iod  was 154,167 g a l l h r .  The hea t  exchanger w i l l  be s i z e d  t o  handle  approxi- 

mately 80% of t h i ~ ' ~ e a k  flow, o r  2100 GPM. An e n t e r i n g  wastewater temperature  

0 '  0 
of 80 F w i l 1 , b e  assumed wi th  a  AT drop of 20 F a c r o s s  th.e hea t  exchanger.  

0 
( 8 0 ' ~  i s  assumed r a t h e r  than  the  documented 86 F i n o r d e r  t o  p r o d u c e a n  

, 

approp r i a t e ly  conserva t ive  ddsign.)  The c i r c u l a t i n g  water  system between t h e  

h e a t  exchanger and thermal s t o r a g e  w i l l  consequent ly  be designed t o  accommo- 

d a t e  a f low r a t e  of 4200 GPM e n t e r i n g  a t  5 5 ' ~  and l eav ing  a t  6 5 ' ~  ( the  1 0 ' ~  

AT rise which w i l l  be necessary  f o r  thermal  cncrgy d i s t r iLuLion  i n t o  t h e  

community). Operat ion w i l l  be on a  24 hour b a s i s .  

Based on t h e  above noted ope ra t i ng  cond i t i ons ,  t h e  Log Mean Temperature 

U i f  f e r ence  ac ros s  t h e  c e n t r a l  hea t  exchanger would be: 



LMTD = 
(60-55)- (80-65) 

L:.:. [ (60-55) 
n 80-65 

Assuming an o v e r a l l  h e a t  t r a n s f e r  c o e f f i c i e n t , '  
uo' of 250 Fitu/hr-f t2-OF 

t y p i c a l  i n  h e a t  exchangers of t h i s  type59, t h e  hea t  exchanger a r e a  requi red  

i s  determined a s  fo l lows:  

'.LBM M I N  
GPM x (8.33 =)(60 -) x AT 

'A = HR .- 

(Uo) x LMTD 

The e x t e r n a l  dimensions of a  h e a t  exchanger w i th  t h i s  amount of h e a t  

t r a n s f e r  s u r f a c e  w i l l  be  approximately 26' l eng th  by 8 '  diameter .  

The a p p l i c a b i l i t y  of t he  c e n t r a l  hea t  exchanger i s  v e r i f i e d  when the 

e f f e c t i v e  load  on t h e  c e n t r a l  s t a t i o n  is  compared t o  i t s  p o t e n t i a l  performance. 

Since the thermal s t o r a g e  component w i l l  a l low the  system t o  moderate some- 

what the  peak thermal demand, t he  quan t i t y  of hea t  which must be ex t r ac t ed  

from the  wastewater flow dur ing  an average day of t h e  peak hea t ing  month 

of January can be used a s  t h e  b a s i s  of t he  comparison. The average d a i l y  

h e a t  requirement i s  c a l c u l a t e d  a s  fol lows:  

1. 
= Qheat  r eq 'd  (1- -- 

?wa.scewa t e r  C.O.P. end-user . 1 
DAYS I N  PERIOD 



For comparison, t h e  p o t e n t i a l  f o r  hea t  r ec l a im  a t  t h e  cen t r a l .  hea t  

exchanger can be c a l c u l a t e d ,  based on t h e  a v a i l a b l e  wastewater flow a t  t h e  

c e n t r a l  s t a t i o n  s i te .  In spec t ion  of t h e  flow vs .  time p l o t s  from s e c t i o n  

9.1.8 r e v e a l s  t h a t  t h e  a b s o l u t e  peak . flow . a t  t h e  sewage t rea tment  f a c i l i t y  

exceeds the  speciEied flow capac i ty  of t he  c e n t r a l  hea t  exchanger 3.02 MGD 

(2100 GPN x  60 x  24) - f o r  j u s t  2  hours  of the  144 hour t e s t  per iod .  There- 

f o r e ,  s i n c e  no i n o r d i n a t e  amount of t he  d a i l y  flow i s  rece ived  a t  r a t e s  

exceeding t h e  hea t  exchanger capac i ty ,  t h e  average d a i l y  flow f i g u r e s  f o r  

t h e  c ' en t ra l  s t a t i o n  s i t e  can be u t i l i z e d  a s  t he  b a s i s  f o r  t h e  h e a t  a v a i l a b l e  

c a l c u l a t i o n .  Thus: 

Gal 
= 1,095,600 - lbm 

x  (8.33 -) x (1.0 
Btu 

Q a v a i l a b l e  day g a l  lbm-OF 
) x (20 '~)  

6  Btu 
= 182.53 x  1 0  - 

day 

The s p e c i f i e d  capac i ty  of t h e  c e n t r a l  hea t  exchanger i s  thus  compatible 

w i th  t h e  flow and temperature  cond i t i ons  t o  be expected on the  Corne l ia  waste- 

water  system and provides  adequate  capac i ty  f o r  s e r v i n g  t h e  .p ro jec ted  loads  

on t h e  HI?-WHR system. 

Thermal: Storage 

In spec t ion  of t h e  wastewater f low cyc l e  a t  t he  Corne l ia  t rea tment  p l a n t  

(presen ted  i n  s e c t i b n  9.1.8) r e v e a l s  t h a t  t h e  c h a r a c t e r i s t i c  low flow pe r iod  

dur ing  t h e  seven-day flow c y c l e  had an approximate 60 hour du ra t i on .  In 0rdp.r 

t o  yxuv lde  adequate  thermal energy supply capac i ty  f o r  t he  s y s t e m  dur ing  

t h e s e  low flow pe r iods ,  t he  thermal  s t o r a g e  :component w i l l  be  s i z e d  f o r  a  

nominal 72 hour per iod  (making a n  allowance f o r  a + 2 0 %  va r i ance  i n  d u r a t i o n  



from t h e  flow c y c l e  documented i n  s e c t i o n  8.2.8)  under January hea t ing  demand 

cond i t i ons .  The nominal 72 hour capac i ty  w i l l  a l s o  provide  an  adequate down- 

t i m e  "window" f o r  t h e  c e n t r a l  h e a t  exchanger f o r  necessary  scheduled maintenance 

such a s  tube c lean ing .  

Allowable temperature  pulldown w i t h i n  t h e  v e s s e l  w i ' l l  be  designed a t  25 '~ .  

A s  i n  t h e  Conyers system des ign ,  t h e  primary cons ide ra t i on  i n  de f in ing  t h i s  

range  i s  the  e f f e c t  on end-user h e a t  pump performance. According t o  t h e  equip- 

nien' assessment of Reference 7, t he  p e r f o r ~ ~ a a c e  of t h e  s e l e c t e d  hydronic  hea t  

0 
pump a t  t h e  upper des ign  temperature  of 65 F is  very  c l o s e  t o  rlie nominal 

C.O.P. of 2.91. Heat ing C.O.P. d e t e r i o r a t e s  t o  2.79, however, a s  t h e  lower 

0 
l i m i t  of 40 F is  reached.  This  lower temperature  a l s o  approaches what i s  

gene ra l l y  cons idered  t o  be t h e  lower accep tab l e  l i m i t  on e n t e r i n g  water  

temperature  f o r  hydronic  u n i t s .  

The p h y s i c a l  c a p a c i t y  of t h e  thermal  s t o r a g e  component i s  computed a s  

fo l lows  : 

- - L .  7 

'thermal s t o r a g e  744 h r s  

6 
= 289.40 x 1 0  Btu 

6 
- - 289.40 x 10  Btu 

Mwater s t o r a g e  ~ t u  
(2s°F) (1.0 LBM-OF 1 

= 11,576,009 LBM 

= 1,389,677 GALLONS 

' 3 
= 185,811 FT 

This  necessary capac i ty  w i l l  be provided i n  t h e  form of two r ec t angu la r  

t anks  w i th  dimensions of 50'  x 60' x 35' (depth) .  The v e s s e l s  w i l l  be f i e l d  



cons t ruc ted  of s t e e l  r e in fo rced  concre te .  I n s t a l l a t i o n  w T l l  be  p a r t i a l l y  

below grade w i th  the  exposed v e r t i c a l  s u r f a c e s  being e a r t h  bermed f o r  improved 

hea t  r e t e n t i o n .  

Cooling Tower 

The cool ing  tower component of t h e  Conyers HP-WHR system w i l l  be  s p e c i f i e d  

t o  d i s s i p a t e  t he  average d a i l y  hea t  g a i n  on t h e  system du r ing  t h e  peak cool ing  
. . 

month of J u l y ,  a s  determined below: 

1 
%onthly 

( 1  + - 
- - C.O.P. 1 

'avg c l g  load  
end-user cool ing  

DAYS I N  MONTH 

*heat ing C.O.P. of s u b j e c t  
hydronic  u n i t  = 2.91, 
cool ing  C.O.P. = 2 . 5 3 ;  
from Reference 7 .  

The r equ i r ed  hea t  r e j e c t i o n  r a t e  w i l l  be .de te rmined  on t h e  b a s i s  of 1 8  

hours ope ra t i on  per  day a t  nominal f u l l  l oad ,  thus:  

168.45 x 10 6 
HRR = 18 

0 
System ope ra t i ng  parameters  d i c t a t e  a  10 F temperature  drop i n  t h e  c i r cu -  

l a t i n g  water .  ~ e ~ u i r e d  coo l ing  tower f low is  then determined as: 
Btu . b - 

- - - 9 . 3 6  x 10 h r  
Mcooling t o w e r  m i n  o Btu ( 8 . 3 3  *) (60 -1 (10 F) (1.0 -- 0 

g a l  h r  Lbm- F 

= 1873 GPM 



A modular, p re -cons t ruc ted  tower wi th  a  nominal flow r a t i n g  of 2000 GPM 

0 
a t  t h e  r equ i r ed  10  F TD w i l l  be  s e l e c t e d .  Fan horsepowe'r w i l l  be  50 HP. 

Aux i l i a ry  Pumps 

The t h r e e  pump f u n c t i o n s  on t h e  HP-WHR system w i l l  be  s p e c i f i e d  a s  

d i s cus sed  below: 

Wastewater pumps w i l l  be  v a r i a b l e  speed types ,  each capable  of d e l i v e r i n g  . -  - 

213 of r equ i r ed  flow a t  des ign  p re s su re  drop. The flow r a t c  r equ i r ed  f o r  each 

pump i s  1400 GPM a t  an  es t imated  dynamic head of 50 f t .  of water .  This head 

r a t i n g  makes adequate  allowance f o r  p ip ing  and c e n t r a l  h e a t  exchanger p re s su re  

drops.  

Circulati 'ng pumps w i l l  each be s i z e d  f o r  one h a l f  of the  t o t a l  requi red  

f low of 4200 GPM. Pump head r equ i r ed  w i l l  be  approximately 80 f t .  of water .  

D i s t r i b u t i o n  pumps w i l l  each be  s i z e d  f o r  one h a l f  of t h e  t o t a l  r equ i r ed  

f low t o  t h e  end-users.  One pump w i l l  be  a  v a r i a b l e  speed type.  The t o t a l  

f low through t h e  d i s t r i b u t i o n  system w i l l  he based on se rv ing  t h e  h e a t  d i s s i -  

0 
p a t i o n  requirements  a t  peak cond i t i ons  w i th  a  1 0  F temperature  rise. Based on . 

a nominal hea t  r e j e c t i o n  requirement  of 16,.740 Btu per  ton  of a i r  condi t ion ing ,  

t h e  r equ i r ed  f low r a t e  f o r  a  1250 ton  peak load i s . 4 1 8 7  GPM. (Heating season 

peak flow requirement  i s  approximately 2400 GPM.) T o t a l  pumping head a t  peak 

f low w i l l  be 325 . f t .  of water .  This  head inc ludes  al lowances f o r  end-user 

system and d i s t r i b u t i o n  system p ip ing  p re s su re  drops .  

DISTRIBUTION PIPING 

The r equ i r ed  c i r c u l a t i n g  water flow r a t e s  a t  peak load w i l l  determine 

d i s t r i b u t i o n  p i p e l i n e  s i z i n g .  Peak hea t ing  and cool ing  loads  f o r  each zone 



a r e  f i r s t  determined through t h e  procedures  o u t l i n e d  i n  s e c t i o n  9.1.7 and 

u t i l i z i n g  t h e  app rop r i a t e  zona l  d a t a  from t h e  computer a n a l y s i s .  The r equ i r ed  

flow r a t e s ' p e r  zone a r e  then c a l c u l a t e d  and p ip ing  s i z e s  a r e  s e l e c t e d  t o  y i e l d  

proper  l i n e  v e l o c i t i e s  and accep tab l e  , pressuye drops .  

ZONE C-1  

9 1 L(3.488 x 10  ) (1- _?9)1.(53) 
PEAK HEATING LOAD = 

(732) (24) 

6 
= 6.89 x 1 0  Btu 

PEAK COOLING LOAD = 
(332,208 f t L )  (16,740 Btulhr*) 

350 ~ ~ Z / P E A K  A-C t on  

6 
= 15.89 x 10  Btu 

*Heat R ~ J  e c t i o n  Rate based 
on t h e  2.53 cool ing  C.O.P. 
of t h e  s u b j e c t  hydronic 
u n i t  . 

= 1378 GPM 

= 3178 GPM 

ZONE C-2 

9 1 
[ (0.3675 x 1 0  ) (1- m) 1 (53) 

.PEAK. HEATING LOAD , = 
(732) ' (24  

6 
= 0.73 x 10 Btu 

PEAK COOLING LOAD = 
(35,000)(16,740) 

(350) . 

6 
= 1.67 x 10 Btu 



= 146 GPM 

= 334 GPM 

ZONE C-3 

6 
= 1 . 4 0 ~  10 Btu 

PEAK. COOLING LOAD . = 
(67,500) (16,7840) 

350 

6 
= 3.23 x 1 0  Btu 

= 280 GPM 

= 646 GPM 

ZONE 1-4 

PEAK HEATING LOAD = 0.0 

9 
PEAK COOLING LOAD = 230.0 x 1 0  Btu 

= 150 GPM 
Mcooling 

Obviously, t h e  c i r c u l a t i n g  water flow r a t e s  i n t o  each 'zone during the  

cool ing  mode w i l l . b e  t he  governing c r i t e r i a  i n  d i s t r i b u t i o n  p ipe  s i z e  

s e l e c t i o n .  P ipe  s i z e s  and t h e  corresponding flow r a t e s ,  v e l o c i t i e s ,  and 



p r e s s u r e  d r o p s  f o r  e a c h  d i s t r i b u t i o n  system p i p i n g  segment are p r e s e n t e d  i n  

Table  9-7. 

TABLE 9-7 
DISTRIBUTION PIPING SPECIFICATIONS 

LOCATION FLOW RATE PIPE SIZE VELOCITY PRESSURE DROP 
(GPM) (INCHES) FP S (PSI/100 FT) 

Trunk Line  4309 

Zone C-1 
Trunk 

Zones C-2 & C-3 980 
Trunk 

Zone C-3 
Feeder 

Zone C-2 
Feeder  

Znne 1-4 
Feeder  

9.2.2 SYSTEM COMPONENT DESCRIPTIONS 

The components used i n  t h e  Heat Pump Wastewater Heat Recovery Scheme f o r  

C o r n e l i a  a r e  e s s e n t i a l l y  i d e n t i c a l  t o  t h o s e  used i n  t h e  Conyers sys tem.  S i z i n g  

and c a p a c i t y  have of c o u r s e  been a d j u s t e d  f o r  t h e  C o r n e l i a  a p p l i c a t i o n .  One 

n o t a b l e  e x c e p t i o n  i s  the s u b s t i t u l i u n  of a h e a t  exchanger f o r  t h e  c e n t r a l  h e a t  

pump. The c e n t r a l  h e a t  exchanger  w i l l  b e  a s i n g l e  she l l -and- tube  type  u n i t .  

Water box c o v e r s  shou ld  be  o f  t h e  "marine" type  s o  t h a t  t u b e  c l e a n i n g  and 

replacement  w i l l  b e  less d i f f i c u l t .  The t u b e s . s h o u l d  b e  seamless copper  and 

individually r e p l a c a b l e .  The h e a t  exchanger shou ld  b e  c o n s t r u c t e d  i n  accor -  

dance w i t h  t h e  A;S.M.E. Code f o r  Unf i red  P r e s s u r e  V e s s e l s .  



9.2.3 EXPECTED PERFORMANCE 

A performance a n a l y s i s  on t h e  Corne l ia  HP-WHR system was performed follow- 

. i n g  t h e  same procedures  and u t i l i z i n g  t h e  same b a s i c  assumptions (with one excep- 

t i o n ,  a s  noted below) a s . f o r  t h e  prev ious  Conyers system a n a l y s i s  (presen ted  

i n  s e c t i o n  8.3.3).  A l l  energy i n p u t s  t o  t he  system were t a l l i e d ,  i nc lud ing  

pump work, coo l ing  tower f a n  work, system a u x i l i a r i e s  power, and end-user hea t  

pump power. That t o t a l  ( i n  3 t u  equ iva l en t s )  .was then compared t o  t h e  net ,  heat-  

. i n g  o r  cool ing  e f f e c t  provided co Llie s t r u c t u r e s  w i t h i n  t h e  system s e r v i c e  a r e a .  

Est imat ing t h e  monthly performance i n  t h i s  manner revea led  sysLem performance 

i n  t h e  peak hea t ing ,  peak cool ing ,  and s imultaneous hea t ing  and cool ing  modes. . 

Since t h e  Corne l ia  system, when ope ra t i ng  i n  t h e  hea t ing  mode, u t i l i z e s  

a  c e n t r a l  h e a t  exchanger r a t h e r  than a  c e n t r a l  hea t  pump t o  e x t r a c t  h e a t  from 

t h e  wastewater s t ream, t h e r e  w i l l  n e c e s s a r i l y  be  a  change i n  t h e  c i r c u l a t i n g  

water  cond i t i ons  du r ing  t h e  hea t ing  season.  Cooling mode condi t ions  w i l l  be 

s i m i l a r  t o  those  i n  e f f e c t  on t h e  Conyers system. Condit ions a r e  a s  noted 

below: 

D i s t r i b u t i o n  Media Temperatures 

HEATING MODE COOLING MODE 

supply 6 5 ' ~  80°F 

Return 5 5 ' ~  90°F 

The r e s u l t s  of t h e  monthly performance a n a l y s i s  a r e  summarized i n  Table 

9-8 below. The f u l l  a n a l y s i s  and c a l c u l a t i o n a l  procedures  a r e . p r e s e n t e d  i n  

Appendix D. 



TABLE 9-8 . 

CORNELIA HP-WHR SYSTEM PERFORMANCE 

Heating Btu Coo l i~ lg  Btu Cen t r a l  P l a n t  End-User 
Delivered t o  Space Delivered t o  Space Energy Input  Energy Input  System 

x 109 x 109 KWH KWH --.- C.O.P. 

FEB . 3.8 
I 

MARCH 3 .1  .14 . 14,512 319,171 2,. 845 

MAY .37 1.30 25,374 188,494 2.287 

JUNE .06 2.80 57,721 334,017 2.139 

JULY 0 3.70 77,660 433,636 2.120 

AUG . 0 3.60 102,621 421,916 2 . 6 i i  

SEPT . .17 

OCT . 1.20 

NOV . 2.90 

DEC . 4.50 

TOTAL 21.9 . . 

A s  Table 9-8 i n d i c a t e s ,  hea t ing  season per f  oknance (C .O. P . ) i s  b e t t e r  

. than would be expected wi th  a i r - t o - a i r  hea t  pumps, and cool ing  system per for -  
, . 

. mance i s  comparable t o  a i r - t o - a i r  h e a t  pumps o r  s t anda rd  e l e c t r i c  a i r - cond i t i on -  

i n g  systems. 

With t h c  monthly s y s t e ~ u  per1urmance thus  de t ined  f o r  each month dur ing  

the  annual  cyc le ,  t hc .ove ra l1  systelu C.O.P. can be e a s i l y  der ived .  Consider- 

i n g  t h e  system a s s a  "black-box," i t s  performance can be  determined by t h e  

express ion  



C.O.P. = 
Qout 

'in 
x 3413 

where 

Qout 
= h e a t i n g  o r  cool ing  e f f e c t  provided by t h e  system, Btu 

'in 
=,  work i n p u t  t o  t h e  system, KWH 

Thus, s u b s t i t u t i n g  from Table 8-6: 

9 
C.O.P. = 

(21.9 x l o9  + 13.06 x 10 ) 
(396,1174 + 3 , 6 6 9 , & 9 3 )  x 3413 

COMPONENT ENERGY USE ' 

I n  o rde r  t o  i d e n t i f y  t h e  a r e a s  of energy usage on t h e  HP-WHR system 

which would b e n e f i t  syStem performance t h e  most through decreased consumption, 

t h e  performance a n a l y s i s  a l s o  included a breakdown of i n d i v i d u a l  component 

energy consumption. Ove ra l l  c e n t r a l  p l a n t  power consumption was f i r s t  analyzed 

and p l o t t e d  a s  i l l u s t r a t e d  i n  Table 9-9 and F igure  9-11. Power u se  w i t h i n  

t h e  cen t r a l .  p l a n t  was then  f u r t h e r  d i saggrega ted  accord ing  t o  i n d i v i d u a l  

components, a s  summarized i n  Table 9-10. 

A s  w i t h  t h e  Conyers system, t h e  l a r g e s t  ene.rgy use r  on t h e  system i s  the  

c o l l e c t i v e  end-user h e a t  pump ... Therefore ,  hydronic  u n i t s  w i th  improved C.O.P.'s', 

s e v e r a l  of which a r e  under development, o f f e r  t he  prospec t  of s i g n i f i c a n t l y  

reduced energy consumption i n  t h i s  a r e a  of system performance improvement. 
6 .  

~ e n e £ . i t s .  s i m i l a r  t o  those  i d e n t i f i e d  f o r  t h e  Conyers system can a l s o  be 

gained through t h e  j ud i c ious  s e l e c t i o n  of energy e f f i c i e n t  pumps and motors and 

through t h e  development of innovat ive ,  energy .conscious ope ra t i ng  procedures .  



TABLE 9-9 
E:LEC'I'I.;:[CI~l'Y IJSAGE RNA1:LSIS 

.FOR CO::tNf:LIA I.11:'-I(::E:S 
I N  CC!OF'FRAl':[ON W I ' f I . 4  'I't.IE TECI~lb1i')LClGY 'DEVL:I..C)I::'MEN'Y I-AF 
I;EORGIA 'I'ECI..I ECJC;INEE:RTNG EXF"L::RIMCI:NI' S'I'ATI(:jN 
ATLANTA I GErORGIA 30.332 

' FI l . .L l 'Nt i  S'ERTOII 

JANUARY r 1 9 7 9  
FEBKUARY*1979 
tlARCt.lr 1 7 7 9  
A F ' R l L r 1 9 7 9  
i lAY r 1 9 7 9  
.JUNE r 1.97'9 
JIJLY r 197s'  
AIJGUS'I' r 1 9 7 Y  
!;t.:P'r:nPEI:; 1.777 
O(:'I'C)SER, 1 ~ 7 7  
bIOVIIklI3ER 9.1979 
D€:Cl~MBERr 1 9 7 9  

I N P U T  1 : I A ' I . A  

B I L L I H G  PERIOD 
. - - - -- - - - - -. - - - - 

JANUARY 
FEBRUARY 
MARCH 
A P R I L  
HAY 
.JI.JN E 
JULY 
AUGU3'T 

'SEPTEMBER ' 

OC:l'OBER , 

NOVEMPER 
IlECEMPER 

B I L L I N G  AMOUNT 
- -. - -- - - -- - .- - -- - - - 
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FIG. 9-11 
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TABLE 9-10 
CORNELIA HP-WHR SYSTEM 

ANNUAL COMPONENT ENERGY USE 

Percent  Of Percent  Of 
I t e m  Enerpy Use Cen t r a l  P l a n t  ' System 

KWH 

D i s t r i b u t i o n  Pumps 149,540 37.7 3.7 

. Ci rcu l a t i ng  Pumps 141,239 35.6 3.5 
\ 

Sewage Pumps 25,192 6.4 0.6 

Cooling Tower 70,903 17 .0  1 .7  

Misc. E l e c t r i c a l  

Centr'al P l a n t  T o t a l  396,474 100.0 ' 

End-Use Heat Pumps 3,669,493 

System To ta l  4,065,967 100.0 

ENERGY CONSERVATION POTENTEL 

The Heat Pump-Wastewater'Heat Recovery System shows the  p o t e n t i a l  t o  

favorab ly  a l t e r  t h e  e x i s t i n g  energy use p a t t e r n s  w i t h i n  a community and t o  

. . pron~uL,e t h e  o v e r a l l  conserva t ion  of primary energy sources .  I n  t h e  ca se  of 

t h e  Corne l ia  community;the e x i s t i n g  energy use  p a t t e r n  shows a r e l i a n c e  on 

e l e c t r i c .  energy f o r  cool ing  and n a t u r a l  gas  and e l e c t r i c  energy f o r '  hea t ing .  

The energy consumed on - s i t e  by t h e  convcntiorial  space  condi t ion ing  systems 

i n  meeting t h e  h e a t i n g  and cool ing  requirements  p ro j ec t ed  by t h e  computerized 

load  e s t i m a t e  was f i r s t  c a l c u l a t e d .  The assumptions were t h a t  hea t ing  r equ i r e -  

ments were met w i th  n a t u r a l  gas  f i r e d  furnaces  ope ra t i ng  a t  a 65% thermal  



e f f i c i e n c y  o r  w i t h  e l e c t r i c  r e s i s t a n c e  h e a t e r s  and t h a t  cool ing  requirements  

were m e t  w i th  e l e c t r i c a l l y  d r i v e n  a i r - cond i t i on ing  u n i t s  wi th  C.O.P.'s of 2.2. 

Each commercial s e r v i c e  zone was' t r e a t e d  independent ly  s i n c e  t h e i r  source  of 

energy f o r  h e a t i n g  d i f f e r s .  Zone C-1  employs approximately 60 pe rcen t  n a t u r a l  

gas  h e a t i n g  and 40 pe rcen t  e l e c t r i c  r e s i s t a n c e  hea t ing .  Zones C-2 and C-3 

u t i l i z e  e l e c t r i c  r e s i s t a n c e  type  h e a t e r s .  Zone 1-4, t h e  i n d u s t r i a l  a p p l i c a t i o n ,  . 

i s  assumed t o  r e q u i r e  t h e  same q u a n t i t y  of energy under e i t h e r  t h e  convent ional  

s y s  tem sclleme o r  t h e  HP-WHR scheme. 

Based on t h e  above assumptions and observa t ions ,  t h e  convent ional  systems'  

consume annual ly  t h e  fo l lowing  amount of energy: 

Cooling Heating 

Zone C - I  1,331,000 KWH 2,490,000 KWH 
+ 130,769 THERMS 

Zone C-2 146,498 KWH 527,395 KWH 

Zone C-3 266,361 KWH 996,191 KWH 

Zone 1-4 35,000 KWH ------- 

TOTAL 1,778,859 KWH 4,913,586 KWH 
+ 130,769 THERMS 

The t o t a l  HP-WHR system energy requirement of 4,065,967 KWH (from Table 

9-10) compares f avo rab ly  w i t h  t h e  above t o t a l  of 4,792,445 KWH p l u s  130,769 

therms f o r  convent iona l  system on - s i t e  consumption. It  i s  noted t h a t  t he  

comparison ' r e f l e c t s  a 15% reduc t ion  i n  e l e c t r i c  energy consum~t ion  p l u s  100% 

reduc t ion  i n  n a t u r a l  gas  consumption. These r educ t ions  a r e  a t t r i b u t a b l e  t o  
> .  

t h e  e f f e c t i v e  displacement  of e l e c t r i c  r e s i s t a n c e  hea t ing  and n a t u r a l  gas 

hea t ing  by t h e  h e a t  pump system. 

I n  order  t o  compare t h e  p ro j ec t ed  primary energy r e sou rce  consumption of 



the HP-WHR system to that of the coriventional space conditioning systems, the 

procedures for determining annual fuel and resource energy utilization, as 

outlined in ASHRAE Standard 90-75, ENERGY CONSERVATION IN NEW BUILDING DESIGN, 
58 

were followed. As can be seen from the results of this assessment as illus- 

trated on the following pages, the primary effect of HP-WHR system operation 

would be to conserve approximately 84% of the natural gas which would have 

beenlutilized in the Cornelia service area. Due to the reduction, in overall 
i . . 

electric energy requirements, an across-the-board reduction in the consumption 

of coal, crude oil, nuclear, and hydro power will also be noticed. A secondary, 

but desirable, effect would be to free the additional quantities of natural 

gas for use in satisfying,other, less flexible energy requirements. 



ANNUAL FUEL A N D  ENERGY CALCULATION FORM 12-11 
Buildin~/Project I 1 

[_ 13 1 Total Carry Fwd. to Form 12-2 1'3,077 

CORNELIA- CONVENTIONAL SYSTEMS 

Annual Fuel and Energy 
Calculation Form 12-2 

Supplied to Site 

A N N U A L  F U E L  A N  

I C.O. 1 R U F  
Total 

Tables 
Line 13 

14 1 Fuel Oil, Light I I 
I S  Fuel Oil. Heavy 

I Other 1 1 
21 (Other) 

22 Total Resour1 

I ENERGY C A L C U L A T I O N  F O R M  12-2 

SHRAE STANDARD 90-75 



CORNELIA- HP-WHR SYSTEM 
ANNUAL FUEL AND ENERGY CALCULATION FORM 12-2 

21 I (Other) 

22 Tnlal Resourccs1079.9 3137 2208.7 1 5 , 6 1 4  230.9 

ASHRAE STANDARD 90-75 
I 



SECOND LAW PERFORMANCE ANALYSIS 

A second law performance analysis was performed for. the Cornelia b-WHR 

system during the peak heating season, peak cooling season and a period when - . 

both heating and cooling was required. The analysis was conducted on a monthly 

basis. 

The same set of assumptions used in the Conyers study are applied to the 

Cornelia analysis. The results of the analysis are tabulated below. 

CORNELIA HP-WHR SYSTEM 
SECOND LAW ANALYSIS 

HP-ICES CONVENTIONAL 

AVAILABILITY OF AVAILABILITY OF SECOND AVAILABILITY OF SECOND 
HEATING COOLING HEATING & COOLING ENERGY SUPPLIED LAW ENERGY SUPPLIED LAW 

SUPPLIED SEASON SUPPLIED SUPPLIED TO SYSTEM EFFICIENCY TO SYSTEM EFFICIENCY 

9 
January 4.6 x 1 0  -0- 1.832 x 1 0  

8 
4.646 x 1 0  

9 .03944 7.07 x 1 0  9 .02591 
(Heat ing)  

July  
(Cool ing)  -0- 3.7 x . l p 9  . 7 . 0 9 2 ~ 1 0  

7 
4.484 x 1 0  

9 .01581 5;09. x 1 0  
9 

.01393 

7 
1 .66  x 1 0  

9 
.0331 2.355 x 10  

9 
October  1 . 2  x 1 0  . 3 7 x 1 0  5 . 4 8 9 . x l O  .0233 
(Mixed) 



. EXPECTED ECONOMICS 

T h i s s e c t i o n e v a l u a t e s  t he  expected economic performance of t h e  HP-WHR 

s y s  t e n 1  as compared t o  convent ional  Ilea t i n g  and cool ing  sys  terns i n  t h e  Cornel ia  

a r ea .  F i r s t  c o s t s ,  ope ra t i ng  c o s t s  and maintenance c o s t s  f o r  each of t h e  
[ I > .  

compared systems a r e  es t imated  i n  o rde r  t o  determine annual ize4  c o s t s  t o  con- 
, . 

sumers. A n e t  p r e sen t  va lue  comparison f o r  t h e  system i s  a l s o  made. 

. . Gystem'design and performance has  been presen ted  i n  prev ious  s e c t i o n s  of 

t h i s  r e p o r t .  For t h e  purposes of t h i s  a n a l y s i s  i t  i s  assumed t h a t  some form 

of government e n t i t y  w i l l .  own and ope ra t e  t h e  c e n t r a l  u t i l i t y  and d i s t r i b u t i o n  

system. End-users w i l l  own and o p e r a t e  t h e i r  own hea t  pump systems and pur- 

chase thermal energy from t h e  c e n t r a l  p l a n t .  The purchase p r i c e  f o r  t h e  thermal 

energy w i l l  be  determined by t h e  c o s t  t o  produce and d e l i v e r  t h e  energy p l u s  

maintenance c o s t s ,  personnel  c o s t s ,  a d m i n i s t r a t i v e  c o s t s ,  and debt  s e r v i c e .  

It i s  a n t i c i p a t e d  t h a t  t h e  thermal u t i l i t y  would provide d i s t r i b u t i o n  and 

meter ing equipment t o  t h e  proper ty  l i n e  o f  t h e  customer. P ip ing  and equipment 

i n s t a l l e d  on t h e  u s e r ' s  p roper ty  would be  pa id  f o r  and become t h e  proper ty  of 

t h a t  u se r .  

Debt s e r v i c e  f o r  t h e  c e n t r a l  p l a n t  was based on a  7 pe rcen t  per  year  

i n t e r e s t  r a t e  w i th  payments. over  a  25 year  per iod .  This i n t e r e s t  r a t e  appeared 

t o  be iu Llle high-end of a  range t h a t  would be  expected f o r  Corne l ia .  

The fo l lowing  c o s t  a n a l y s i s  i s  broken i n t o  t h r e e  p a r t s :  f i r s t  c o s t s ,  

ope ra t i hg  c o s t s ,  l i f e  cyc l e  c o s t s .  A summary of . r e s u l t s  .is pr.esent.e.d i n  the  

l a t t e r  p a r t  of t h e  s e c t i o n .  

FIRST COSTS . 

F i r ~ t  c o s t s  a r e  ca tegor ized  a s  c o s t s  i ncu r r ed  by t h e  c e n t r a l  u t i l i t y  o r  

c o s t s  i ncu r r ed  by t h e  end-users.  I n  C o r n e l i a ' s  c a se ,  i t  i s  a n t i c i p a t e d  t h a t  

275 



t h e  c e n t r a l  u t i l i t y ' s  c o s t s .  w i l l  be  those  a s s o c i a t e d  w i t h  t h e  c e n t r a l  p l a n t ,  

d i s t r i b u t i o n  system and meter ing.  End-users w i l l  be  r e spons ib l e  f o r  t h e  r e t r o -  

f i t  of t h e i r  own HVAC system and f o r  p ip ing  from t h e i r  h e a t  pump u n i t  t o  t h e  

meter connect ion.  

Cen t r a l  p l a n t  f i r s t  c o s t s  were based on t h e  equipment s i z e s  and types 

presen ted  i n  t h e  system des ign  s e c t i o n .  A d e t a i l e d  c o s t  breakdown is  presented 

i n  Appendix D.  A summary of t h e s e  c o s t s  fo l lows:  

CenLcal P l a n t  $ 848,283 

D i s t r i b u t i o n  System $ 275,020 

Metering Equipment 
(100 - 2" meters, in -  
c lud ing  i n s t a l l a t i o n )  $ 30,000 

T o t a l  $1,153,303 

End-user system c o s t s  were computed o n ' t h e  b a s i s  of 100 f t .  of 2" p ipe  

per  end-user t o  connect t o  t h e  d i s t r i b u t i o n  system and $800 pe r  i n s t a l l e d  ton  

of a i r  cond i t i on ing  capac i ty .  The $800 per  ton  is  assumed t o  i nc lude  any 

sa lvage  va lue  of equipment removed from t h e  end-user b u i l d i n g s .  For Cornel ia  

t h e  r e t r o f i t  c o s t  is  approximately: 

1450 tons  i n s t a l l e d  x $800 

T o t a l  c o s t  of r e t r o f i t  - - $1,160,000 

Piping:  100 u s e r s  x  100 f t .  
x $4.00 ( i n s t a l l e d )  - - . $ 40,000 

T o t a l  r e t r o f i t  c o s t  - - $1,200,000 

The r e t r o f i t  c o s t s  a r e  based on t h e  i n d i v i d u a l  p r i c e s  each end-user 
. . 

would be r equ i r ed  t o  pay i f  t h e  work were con t r ac t ed  on an i n d i v i d u a l  b a s i s .  .. 

OPERATING COSTS 

Operat ing c o s t s  were based on the  r e s u l t s  of t h e  performance a n a l y s i s  



presented in section 9.2.3. The cost of electric power for the central plant 

was computed from Georgia Power Company's PL-1 rate schedule. Power for end- 

user systems was assumed to cost 5.75cIKWI-I. The cost of thermal energy delivered 

to end-users by the HP-WHR system will be discussed in a subsequent section. 
, 

. From Table 9-9 of the. performance' analysis, the annualized cost for power to " 

the central plant will be approximately $21,050. End-users on the HP-WHR 

system will use approximately 3,669,500 KWH per year. This electricity will 

cost approximately $210,996 under individual billings. 

Maintenance costs for the HP-WIIR central station are estimated at 5 per- 

cent per year of the cost of the station .and 0..5 percent per year for the 

distribution system. These maintenance costs are: 

I tem 

Central Station Equipment 

Distribution System & Meters 

Annual 
Maintenance Cost 

Total $43,861 

End-user maintenance costs were assumed to be $10 higher per installed 

ton of air conditioning capacity than would comparable.system maintenance on 

. conventional'systems. This figure includes a provision for replacement costs 

of units in order to perpetuate t h e  systcxn. 

1450 x $10 - $14,500 per year 

HP-WHR SYSTEM OPERATION AS A THERMAL UTILITY 

In order to compare the HP-WHR scheme to conventional utility schemes, 

it is necessary to perform an analysis from the gnd-user's viewpoint. To 

account for thermal energy distributed 'from the central pla'nt, it is anticipa- 

ted that the system kill be operated as a thermal utility. The. charges to the 



end-users w i l l  be based on meter readings  and w i l l  be s u f f i c i e n t  t o  coyer the  

c e n t r a l  p l an t  ' s o p e r a t i n g  and maintenance c o s t s ,  debt  s e r v i c e ,  and administra-  

t i v e  c o s t s  a s s o c i a t e d  wi th  ope ra t ion  of t h e  system. 

The cos t  f i g u r e s  cdntained i n  t h i s  r e p o r t  were generated f o r  t h e  Cornel ia  

system using t h e  s t a t e d  e l e c t r i c  energy c o s t s ,  a n  admin i s t r a t i ve  c o s t  of 10 

percent  o f , t o t a l  owning and ope ra t ing  c o s t s ,  a n d , d e b t  s e r v i c e  based on an  

i n t e r e s t  r a t e  of 7  percent  per  year  over 25 yea r s .  It i s  recognized t h a t  the  

seven perccnt  i n t e r e s t  r a t e  i s  somewhat a r b i c r a i y  and wi31 vary  wi th  the  type 

of f inanc ing  arrangements a c t u a l l y  implemented; however, i t  was s e l e c ~ e d  nc 

a compromise between t y p i c a l  1977 y i e l d s  f o r  Municipal Class  A bonds and 

U t i l i t y  bonds i ssued  by p r i v a t e  companies. 

The t o t a l  annual  c o s t  t o  t he  end-users f o r  thermal s e r v i c e  was computed 

a s  follows: 

CORNELIA - HP-WHR SYSTEM 
THERMAL UTILITY CHARGES 

(COMPONENT COSTS I N  1979 DOLLARS) 

Energy Cost $ 21,050 

Maintenance on Cen t r a l  
P l a n t  and D i s t r i b u t i o n  
System 

Debt Serv ice  on To ta l  
System Cost (7%, 25 yea r s )  
($1,153,303 x ,0858) 

Sub t o t a l  $163,865 

10% Adminis t ra t ive  f e e  
( inc luding  Insurance and 

: Contingencies) 

To ta l  

Based on the  above t o t a l ,  the  necessary cash flow f o r  the  system w i l l  be 

a s  pro jec ted  i n  Table 9-11. 





LIFE CYCLE COSTS 

A l i f e  c y c l e  c o s t  a n a l y s i s  was prepared f o r  t h e  Corne l ia  HP-WHR system 

and t h e  e x i s t i n g  convent iona l  systems. The a n a l y s i s  was performed from t h e  

end-user p o i n t  of view, s. ince t h e  consumer w i l l  u l i t m a t e l y  pay a l l  c o s t s  

. a s soc i a t ed  wi'th each system. I n  t h e  c a s e  of thermal  energy d i s t r i b u t e d  by t h e  

HP-WHR system, c e n t r a l  p l a n t  c a p i t a l  and energy c o s t s  a r e  embedded i n  t h e  c o s t  

of s e r v i c e  t o  t h e  end-user. 

The p r e s e n t  v a l u e  of t h e  cas11'flow f o r  each a l t e r n a t i v e  was determined f o r  

a  twenty-five year  per iod  a t  t he  s t a t e d  d i scount  f a c t o r .  Thc follnwing gene ra l  
. . 

formula was used: 

Where : 

PVi = Presen t  va lue  of t h e  ith a l t e r n a t i v e  

FCi = F i r s t  c o s t  of t h e  ith a l t e r n a t i v e  

f ( j , y )  = The p r e s e n t  worth f a c t o r  a t  j pe rcen t  i n t e r e s t  f o r  y  yea r s  

ADCi = Annual ope ra t i ng  c o s t s  of t h e  ith a l t e r n a t i v e  

AMCi = Annual maintenance c o s t s  of t h e  ith a l t e r n a t i v e  

The r e s u l t s  of t h e  l i f e  cyc l e  c o s t  a n a l y s i s  a r e  presen ted  i n  Table 9-12 

f o r  the  convent iona l  systems a s  t he  base ca se  and Table 9-13 f o r  t h e  HP-WHR 

system a l t e r n a t i v e .  The p re sen t  va lue  f i g u r e  is given a s  a  p o s i t i v e  number; 
\ 

however, i n  a c t u a l i t y  i t  should be r e a l i z e d  t h a t  t he  number i s  a p re sen t  va lue  

of p r e sen t  and f u t u r e  c o s t s .  



TABLE 9-12 
CORNELIA CONVENTIONAL SYSTEMS (BASE CASE) 

LIFE CYCLE COST ANALYSIS 

DEBT SEWICE BASE UTILITY COSTS TOT& DISCOUNT DISCOUNTED 
YR . - OR COST MAINTENANCE N .GAS ELECT. COSTS FACTOR COSTS 

TOTALS -,.7,473,626. 42,298,847. 49,772,473. - 10,927,544. 

ASSUMPTIONS: 

1) Natural Gas Cost Escalation - 13% 
2) Electric Cost Escalation - 11% 
3) Discount Rate - 10% 



TABLE 9-13 
CORNELIA KP-WHR SYSTEM 

LIFE CYCLE COST ANALYSIS 

TOTALS 

DEBT SERVICE 
OR COST 

$.I, 200 ,000.  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0. 
0 .  
0 .  
0 .  
0 .  
0. 
0 .  
0. 
0 .  
0 .  
0 .  
0 .  
0 .  
0. 
0 .  
0 .  
0 ;  
0 .  - 
0 .  

ADDITIONAL 
MAINTENANCE 

0.  
15 ,660 .  
16 ,913 .  
18 ,266 .  
19 ,727 .  
21 ,305.  
23,010.  
24 ,850.  
26 ,838.  
28 ,986.  
31 ,304.  
33 ,809.  
36 ,513.  
39 ,435.  
42,589.  
45 ,996.  
46 ,676.  
53 ,650.  
57 ,942.  
62 ,578.  
67 ,584.  
72,991.  
78 ,830.  
85 ,136.  
91 ,947.  
99,303.  

UTILITY COSTS TOTAL 
ELECT. THERMAL COSTS 

0 .  0 .  . 0 .  
234,206.  186 ,658 .  436,524.  
259,968.  193 ,654 .  470,535.  
288 565.  201,294.  508 ,125  , 
320,307.  209,640.  545,674.  
355,541.  218,757.  592,603.  
394,650.. 228,720.  646,  3.30. 
438,061.  239,609 702,520.  
486,248.  251,512.  764,598.  
539,736.  264,526.  833,248.  
599,106.  278,757.  909,167.  
665,008.  294,322.  993,139.  
738,159..  311 ,349.  1 ,085,C21.  
819,357.  329,979.  1 , 1 8 9 , 7 7 1 .  
909,486.  350,367.  1 , 3 0 4 , r 4 2 .  

1 ,009 ,529 .  372,682.  1 , 4 2 8 , 2 0 7 .  
1 ,120 ,577 .  . 397,112.  1 ,567 ,365 .  
1 ,243 ,841 .  423,862.  1 ,721 ,353 .  
1 ,380 ,663 .  453,158.  1 , 8 5 1 , 7 6 3 .  
1 , 5 3 2 , 5 3 6 .  485,249.  2 ,060,363.  
1 , 7 0 1 , 1 1 5 .  520 ,406 .  2 ,289 ,105 .  
.1 ,888,238.  558  ,'931. 2 ,520 ,160 .  
2 ,095,944.  601,154.  2 ,775 ,928 .  
2 ,326,498.  647,438.  3 ,059,072.  
2 ,582 ,413 .  698,185.  3 ,372 ,545 .  
2 ,866,479.  753,833.  3 ,719,615.  

26 ,796,231.  9 ,471 ,154 .  37 ,412 ,223 .  

DISCOUNT 
FACTOR 

1.000 
.909 
.826 
. 7 5 1  
,683  
. 6 2 1  
.564 
, 5 1 3  
.467 
.424 
.386 
.350 
.319 
.290 
.263 
.239 
.218 
. I 9 8  
. I 8 0  
. I 6 4  
.149 
.135 
.123 
. lli 
. l o 2  
.092 

DISCOUNTED. 
COSTS 

$1,200,000.  
396,800.  
388,662.  
381,602.  
375,427.  
369,869.  
264,558.  
360,393.  
357,067.. 
353 ,297.  
350,938.  
347 ,599 .  
346,441.  
344,744.  
342,542.  
341,341.  
341,686.  
340,828.  . 

340,517.  
341,180.  
341,077.  
340,222.  
341,43'9. 
342 ,'616. 
344,000.  
342,205.  

10 ,037 ,049 .  

ASSUMPTIONS: 

1 )  Ma in tenance  and Replacement  C o s t  E s c a l a t i o n  - 8% 
2) E l e c t r i c  C o s t  E s c a l a t i o n  - 11% (3% Over Base  I n f l a t i o n  R a t e )  
3 )  Thermal  U t i l i t y  Charge E s c a l a t i o n  - 11% (From T a b l e  9-11) 
4 )  D i s c o u n t  R a t e  - 10% 



SUMMARY OF EXPECTED ECONOMICS 

The r e s u l t s  of t he  l i f e  cycle.  economic a n a l y s i s  i n d i c a t e  t h a t  t he  HP-WHR 

system a s  proposed f o r  t h e  Corne l ia  community is c o s t  compet i t ive  i n  t he  

immediate market w i th  t h e  convent iona l  space , cond i t i on ing  . . syst'ems a l t e r n a t i v e .  

Indeed, on t h e  b a s i s  of t h e  r e s u l t s  p resen ted  i n  Tables 9-12 and . " 13,  implemen- . . 
t a t i o n  of t h e  HP-WHR system would r e s u l t  i n  a  n e t  b e n e f i t  t o  t h e  end-users of 

$890,405. This  f avo rab l e  comparison r e s u l t s  i n  p a r t  from the  d e f i n i t i o n  of t h e  
% 

system s e r v i c e  a r e a  and i n  p a r t  from t h e  s i t e - s p e c i f i c  wastewater cond i t i ons  

i n  t h e  community. By l i m i t i n g  the  scope of t h e  proposed s e r v i c e  a r e a  t o  

commercial i n s t a l l a t i o n s ,  t h e  type of convent iona l  space  condi t ion ing  systems 

which w i l l  be  d i sp l aced  by t h e  HP-WHR system a r e  l i m i t e d .  S p e c i f i c a l l y ,  i n  

t h e  Corne l ia  s e r v i c e  zones a  h igh  percentage  of t h e  hea t ing  u n i t s  which w i l l  

be d i sp laced  a r e  e l e c t r i c  r e s i s t a n c e  types .  With t h e  HP-WHR system o f f e r i n g  

hea t ing  C.O.P.'s of approximately 2.8, t h e  energy expendi tures  a r e  g r e a t l y  

reduced whi le  d e l i v e r i n g  a  comparable thermal l o a d .  The r e l a t i v e l y  h igh  

wastewater temperatures  experienced on t h e  Corne l ia  sewage system a l s o  a f f e c t  

system economics by a l lowing  t h e  use of a  d i r e c t  h e a t  exchanger dur ing  t h e  

hea t ing  season i n  l i e u  of a  c e n t r a l  hea t  pump. Energy expendi tures  f o r  c e n t r a l  

p l a n t  power a r e  thus reduced, and correspondingly system performance and 

economics a r e  improved. It should be noted t h a t  t h i s  system, a s  was t he  

Conyers HP-WHR system, is  e s s e n t i a l l y  coo l ing  dominated. It is  a n t i c i p a t e d  

t h a t ,  i f  t h e  system concept  were adapted f o r  use  i n  t h e  co lde r  climes, system 

economics would be  even f u r t h e r  improved. 



9.2.5 PLAN FOR HP-WHR SYSTEM PHASING - CORNELIA, GEORGIA 

An HP-ICES w i l l  o p e r a t e  i n  i ts 'community a s  a  form of pub l i c  u t i l i t y  

which w i l l  p ro ivde  a  needed and p o t e n t i a l l y  widespread ' , ( in  r e l a t i o n  t o  t he  

o v e r a l l  community) s e r v i c e .  Serving i n  t h i s  capac i ty ,  t h e  system i s  sub jec t  

t o  t h e  need f o r  long-range planning i n  o rde r  t o  provide i t s  s e r v i c e  i n  

a  manner most b e n e f i c i a l ,  service-wise and cost-wise t o  t he  end-user. The 

primary concern is  t h a t  t he  system be designed and cons t ruc ted  t o  f u l f i l l  

t h e  needs of t h e  e x i s t i n g  v i a b l e  s e r v i c e  a r e a s . .  However, cons ide ra t ion  

must 81su Le given t o  expanding t h e  system i n  t h e  most e f f i c i e n t  manner 

and a t  the  most advantageous time t o  accommodate f u t u r e  growth withill  the 

community; Chaper 6.0 - PROJECTED GROWTH d i scusses  methods of p ro j ec t ing  

growth w i t h i n  a  s p e c i f i c  community and addresses '  cons t ruc t ion  phasing of 

c e n t r a l  p l a n t  f a c i l i t i e s  and the  d i s t r i b u t i o n  system f o r  ranges of growth' 

r a t e  s i t u a t i o n s .  The fo l lowing  paragraphs apply t h e  genera l  approaches 

o u t l i n e d  i n  the  e a r l i e r  chapter  t o  t he  Corne l ia  demonstration community 

s i t u a t i o n .  

The i n i t i a l  approach of t h e  Corne l ia  - based HP-WHR sys tem.wi l1  be t o  

provide thermal u t i l i t y  s e r v i c e s  t o  a  f a i r l y  compact a r e a  of commercial 

es tab l i shments  (two shopping c e n t e r s :  one e x i s t i n g ,  one under cons t ruc t ion)  

along t h e  newly cons t ruc ted  Corne l ia  bypass, an  i n d u s t r i a l  p l a n t  i n  t he  

same genera l  sect0.r  o f . . t ~ w n  : ( s ~ u t h w e s t ) ,  and t h e  c e n t r a l  bus iness  d i s t r i c t .  
. . . . 

The c e n t r a l  bus ines s  d i s t r i c t  has  r e a l i z e d  i t s  u l t i m a t e  b u i l d  o u t  p o t e n t i a l  

(with regard  t o  space a v a i l a b i l i t y  and r e s t r i c t i o n s )  and t h e r e  now e x i s t s  

a  t rend towa'rd renovat ing  o r  remodeling downtown a r e a  shops. The c i t y ' s  

major i n d u s t r i a l  i n s  t a l l a t i o n ,  t he  F i e l d a l e  pou l t ry  process ing  p l a n t ,  i s  

w e l l  e s t a b l i s h e d  i n  t h e i r  p rocess  needs wi th  no major p l a n t  r e v i s i o n s  o r  

expansions planned i n  t he  fo re seeab le  f u t u r e .  The e x i s t i n g  shopping cen te r  

a t  t h e  i n t e r s e c t i o n , o f  Level Grove Road and the  Cornel ia  bypass a l r eady  

accommodates t h r e e  t enan t s ,  two r e s t a u r a n t s  and one l a r g e  grocery s t o r e ,  
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and e x h i b i t s  p o t e n t i a l  f o r  more commercial growth i n  t h e  immediate 

f u t u r e .  . 

CENTRAL PLANT PHASING - I n  gene ra l ,  a c e n t r a l  p l a n t  i n s t a l l a t i o n  f o r  - 
a community (or  s e r v i c e  a r e a )  which expec ts  a moderate r a t e  of growth, 

20 t o  50%, dur ing  t h e  planning per iod  ( t h e  category i n t o  which Corne l ia  

f i t s )  can  be handled wi th  i n i t i a l  cons t ruc t ion  of t h e  major po r t ions  of 
. . 

p l a n t  capac i ty ,  then minor expansions t o  t h e  c e n t r a l  f a c i l i t i e s  a t  appro- 

p r i a t e  t imes i n  b e  planning per iod .  Minor expansions inc lude  i n s t a l l i n g  

l a r g e r  pump motors, changing pump impe l l e r s ,  adding new hea t  exchangers, 

o r  adding new equipment i n  space a l r eady  provided i n  t h e  i n i t i a l  con- 

s t r u c t i o n .  The proposed c e n t r a l  p l a n t  l ayou t  f o r  t he  Cbrnel ia  system 

is  based on t h e  above mentioned approach. The major bu i ld ing  s t r u c t u r e  

w i l l ' b e  cons t ruc ted  t o  accommodate a l l  @.quipmcntwhich would be necessary  

t o  s e rve  t h e  u l t i m a t e  bu i ld  ou t  p o t e n t i a l  of t h e  system. The l i n e s ,  sumps 

and pumps which se rve  on the  sewer t i e - i n  subsystem w i l l  be cons t ruc ted  

i n i t i a l l y  t o  handle 100 t o  110% of t h e  u l t i m a t e  flow which cou ld .be  

expected through the  a c c e s s i b l e  s e c t i o n  of t h e  sewer mains by t h e  end 

of t he  p r o j e c t i o n  per iod .  I n i t i a l  equipment i n s t a l l a t i o n  (circulat 'dng 

pumps, d i s t r i b u t i o n  pumps, thermal s t o r a g e  tanks,  and cool ing  tower) w i l l  

provide adequate , sys tem capac i ty  t o  s e r v e  t h e  needs of t h e  e x i s t i n g  s e r v i c e  

a r e a s  p lus  any growth pro jec ted  t o  occur In these  a r e a s  over t he  next  

f i v e  t o  t e n  years .  A t  t hc  time when a d d i t i o n a l  capac i ty  i s  r equ i r ed ,  a 

minor p l a n t  expansion would involve  the  i n s t a l l a t i o n  of an  a d d i t i o n a l  

c i r c u l a t i n g  pump, d i s t r i b u t i o n  pump, cool ing  tower c e l l ,  and if requi red ,  

~ l ~ r r m a l  s t o r a g e  capac i ty .  A l l  equipment a d d i t i o n s  could be handled wi th  

l i t t l e  o r  no major modi f ica t ion  t o  t he  in-p lan t  p ip ing  systems o r  s t r u c t u r e .  

Costs f o r  system expansion wi th in  t h e  c e n t r a l  p l a n t  should t h u s  be minimized. 

DISTRIBUTION SYSTEM PHASING - There a r e  s e v e r a l  c h a r a c t e r i s t i c s  of 
. , 

the  d e s i g n  and cons t ruc t ion  of high-volume water d i s t r i b u t i o n  (and r e t u r n )  



l i n e s  which w i l l  i n f l u e n c e  . the  manner i n  which such systems w i l l  be  

cons t ruc t ed  and expanded. F i r s t ,  water and sewer and,  i n  t h i s  ca se ,  

thermal  u t i l i t y  l i n e s  have a  u s e f u l  l i f e  of approximatqly 50 yea r s .  

Secondly, a  major p o r t i o n  of t h e  c o s t  of cons t ruc t ing  such l i n e s  i s  n o t  

i n  m a t e r i a l  c o s t s  b u t  i n  manpower and equipment expendi tures  f o r  t he  

c o n s t r u c t i o n  process .  Hence, t h e  most economical way t o  provide a d d i t i o n a l  

c a p a c i t y  g e n e r a l l y  i s  . t o  c o n s t r u c t  a  l a r g e r  l i n e  i n i t i a l l y  r a t h e r  than 

a p a r a l l e l  l i n e  a t  a  l a t e r  d a t e .  

FOT t h e  cen t r - a l  bus ines s  district, a d i s t r i b u t i o n  l e g  w i l l  be  con- 

s t r u c t e d  i n i t i a l l y  w i t h  adequate  c a p a c i t y  t o  s e r v e  a l l  p u t e n t i s l  c1.1stomers 

i n  t h i s  s e r v i c e  a r e a .  Due t o  t h e  degree of development of t h i s  a r e a  of 

t h e  community, no ex t r ao rd ina ry  expansion of t h i s  commercial d i s t r i c t  is  

a n t i c i p a t e d  which could n o t  be accommodated by simply al lowing a d d i t i o n a l  

hook-ups t o  t h e  system. 

For t h e  F i e l d a l e  i n d u s t r i a l  p rocess ,  whose needs a r e  w e l l  e s t a b l i s h e d  

and wi th  l i t t l e  p rospec t  of  expansion i n  t h e  near  f u t u r e ,  a  s e p a r a t e  

d i s t r i b u t i o n  l e g  w i l l  be cons t ruc t ed  w i t h  adequate  i n i t i a l  c apac i ty  t o  

provide t h e i r  t o t a l  requirements .  

For t h e  newly developing commercial d i s t r i c t  a long  t h e  bypass,  i t  

is  a n t i c i p a t e d  t h a t  f a i r l y  a c c u r a t e  p r o j e c t i o n s  of t h e  u l t i m a t e  bui ld-out  

p o t e n t i a l  of t h e  a r e a  can be made. A major cons ide ra t i on  i s  t h a t  t h e  some- 

what l i m i t e d  a v a i l a b i l i t y  of a c c e s s i b l e  acreage  w i l l  restrict  t h e  commercial 

growth o f  t h e  a r e a  t o  t h e  u~odera te  range.  

s i n &  i t  is  l i k e l y  t h a t  t h e  u l t i m a t e  p o t e n t i a l  would d f c t a t e  on1y .a  

smal l  incrementa l  i n c r e a s e  ' in system capac i ty  over  what would be cons t ruc ted  

t o  s e r v e  on ly  t h e  p ro j ec t ed  mid-range requirements ,  i t  i s ' p r o b a b l e  t h a t  a  

f u l l  c a p a c i t y  d i s t r i b u t i o n  l e g  would be cons t ruc t ed  f o r  t h i s  a r e a  a l s o .  

There are s e v e r a l  r e s i d e n t i a l  a r e a s  p e r i p h e r a l  t o  t h e  p o t e n t i a l  

commercial and i n d u s t r i a l  s e r v i c e  a r e a s  which a r e  n o t  addressed i n  t h e  
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i n i t i a l  development.of t h e  Corne l ia  HP-WHR system. I f  indeed these  a r e a s  

prove s e r v i c e a b l e  a f t e r  t hc  i n i t i a l  system i s  cons t ruc t ed  and under 

development, they can be included i n  f u t u r e  system expansions,  t o  t he  

e x t e n t  t h a t  thermal energy i s  s t i l l  a v a i l a b l e  from t h e  community 

wastewater,  w i t h  t h e  c o n s t r u c t i o n  of  d i s t r i b u t i o n  t runk  l i n e s  from t h e  

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



' 9.3 INSTITUTIONAL CONSIDERATIONS 

9.3.1 CITY OF CORNELIA, GEORGIA REVIEW OF LOCAL ORDINANCES AND,CODES 

The l o c a l  cddes and ordinances of t h e  C i ty  of Cornel ia  were reviewed t o  

determine what impacts o r  r e s t r i c t i o n s  they might impose on the  devel.opment 

of a Heat Pump Centered-Integrated Community Energy System. This  review ind ica t ed  

t h a t  t h e r e  were s e v e r a l  l o c a l  bu i ld ing  codes which would need t o  be reviewed 

i n  depth i n  conjunct ion  wi th  the  des ign  and cons t ruc t ion  of an  HP-ICES. The 

l o c a l  bu i ld ing  codes which have becn adnpted f o r  t h e  Ci ty  of Cornel ia  a r e  as 

fo l lows  : i 

1. Southern Standard Building Code - 1970 Edi t ion .  

2 .  Southern Standard Plumbing Code - 1971 Edi t ion .  

Since t h e s e  codes a r e  some of t h e  same codes used i n  t h e  Conyers and 

Rockdale County a r e a  the  same comments and d i scuss ion  f o r  Conyers would apply 

t o  Corne l ia .  

There were' no o t h e r  l o c a l  ordinances o r  codes t h a t  would a f f e c t  o r  r e s t r i c t  

t h e  cons t ruc t ion  of a Heat Pump Centered-Integrated Community Energy System 

w i t h i n  t h e  Ci ty  of Corne l ia .  



10.0  COMPONENT TESTING 

10- 1 ' '  INTRODUCTION -- 

The equipment t o  be u t i l i z e d  i n  t h i s  HP-ICES scheme w i l l ,  f o r  t h e  

most p a r t ,  be s tandard ,  "off- the-shelf"  components t h a t  a r e  r e a d i l y  a v a i l -  

a b l e  from the  major HVAC equipment manufacturers .  However, due t o  t he  

novel  a p p l i c a t i o n  of t h i s  equipment, i t  i s  expected t h a t  Appl ica t ion  

Rat ings w i l l  n o t  be  a v a i l a b l e  f o r  t h e  range of ope ra t i ng  cond i t i ons  t h a t  

w i l l  be i n  e f f e c t  f o r  t h i s  system. S ince  i t  i s  t h e  i n t e n t i o n  of t h i s  

p roposa l  t o  provide  a .  system t h a t  o f f e r s  improved performa.nce over  s tan-  

dard Heat Pump systems, performance d a t a ' s p e c i f i c  t o  t h i s  a p p l i c a t i o n  

w i l l  be ,deve loped  through component t e s t i n g .  Three a r e a s  w i l l  be con- 

s ide red :  1 . )  b a s e l i n e  d a t a  on t h e  thermal  energy s o u r c e ( s ) ,  2 . )  Cen t r a l  

S t a t i o n  hea t  pump equipment performance, and 3 . )  end-user hea t  pump 

equipment performance. With t h i s  s p e c i f i c  performance d a t a  i n  hand, t h e  

d e t a i l  des ign  of t h e  system can be  optimized accord ing  t o  energy supply 

and demand. 

10.. 2 THERMAL ENERGY SOURCE(S) - BASELINE DATA 

Each a p p l i c a t i o n  of t h i s  scheme may u t i l i z e  one o r  more of s e v e r a l  

p o t e n t i a l  thermal energy sources .  Obviously, each w i l l  r e q u i r e  hea t  
- 

rec la im equipment pabtir.iil.ar t o  the  suurce. However, t h e  low grade  

energy t h a t  i s  a v a i l a b l e  from a community's wastewater e f f l u e n t  w i l l ,  

i n  a l l  p r o b a b i l i t y ,  be t h e  most widely a c c e s s i b l e  source .  Therefore ,  

t h e  focus  of t h i s  s e c t i o n  w i l l  b e  t o  determine t h e  b a s e l i n e  d a t a ,  c o n -  

s i d e r i n g  wastewater e f f l u e n t  a s  t h e  primary energy source ,  t h a t  t h e  HP-WHR 

system performance w i l l  depend upon. The parameters t h a t  w i l l  be con- 

s i d e r e d  a r e  temperature  and flow. Discussions of t h e  approach t o  be  

taken i n  ob t a in ing  t h e s e  d a t a  fo l low.  



10 .2 .1  TEMPERATURE , 

One assumption t h a t  t h e  performance of  t h i s  HP-ICES scheme i s  

based upon i s  t h a t  community wastewater e f f l u e n t  temperature  w i l l  be 

g r e a t e r  than o r  equa l  t o  ground temperature .  S e v e r a l , f a c t o r s ,  such a s  

s o i l  type and thermal  d i f f u s i v i t y ,  and f a c t o r s  p a r t i c u l a r  t o  t h e  des ign  

and ope ra t i on  of i n d i v i d u a l  wastewater c o l l e c t i o n  and t rea tment  systems,  

w i l l  a f f e c t  t h e  e f f l u e n t  temperature .  However, t h i s  base assumption 

appears  t o  be  g e n e r a l l y  v a l i d .  

A cursory  l ook  a t  es t imated  ope ra t i ng  temperatures  can be found 

i n  a  t a b u l a t i o n  of ground temperatures  conta ined  i n  Technical  Guidel ines  

f o r  Energy conse rva t ion .  46 Also, p red iCt ions  of es t imated  ope ra t i ng  temper- 

a t u r e s  ( i . e .  e a r t h  temperatures)  can be  der ived  from t h e  procedures  

developed by Kusuda and ~chenback ."  I n  gene ra l ,  t h i s  type  survey and 

e s t ima te  w i l l  be  a  s u i t a b l e  f i r s t  s t e p  i n  determining a p p l i c a b i l i t y  t o  a  

s p e c i f i c  r eg ion  o r  l o c a t i o n .  However, t o  o b t a i n  a  d a t a  base  from which 

an  o v e r a l l  system C o e f f i c i e n t  of Performance (C.O.P.) can be der ived ,  

s p e c i f i c  d a t a  must be ga thered  a t  t h e  p o i n t  of a p p l i c a t i o n .  Temperature 
. . 

measurements should be  taken  a t  t he  a p p r o p r i a t e  p o i n t s  i n  t h e  sewage t r e a t -  

ment p l a n t s  s e rv ing  the  demonstrat ion communities inc lud ing  raw sewage 

i n f l u e n t ,  p l a n t  e f f l u e n t ,  proposed supply t i e - i n  p o i n t ( s )  ( i f  d i f f e r e n t  

from p l a n t  e f f l u e n t s ) ,  and ground temperature .  Measurements should be 

made on an  hour ly  b a s i s  f o r  a  per iod  of one week ( i 6 8  hours)  dur ing  each 

of t he  fo l lowing  months: January,  A p r i l ,  J u l y ,  and October. The pre- 

f e r r e d  method of d a t a  tak ing  would be temperature  t ransducers  ( i . e .  thermo- 

couples  o r  r e s i s t a n c e  temperature  dev ices )  i n  conjunc t ion  wi th  a  mul t i -  

p o i n t  s t r i p  c h a r t  r eco rde r .  Add i t i ona l ly ,  a v a i l a b l e  p l a n t  ope ra t i ng  ' ' 



records  should be surveyed t o  v e r i f y  the c o r r e l a t i o n  between the  empir ica l  

da t a  and t y p i c a l  condi t ions .  

10.2.2 FLOW RATES 

The amount of thermal energy a v a i l a b l e  a t  the  sewage t reatment  p l a n t  

w i l l  a l s o  depend upon t h e  mass flow r a t e  of the  energy supply medium 

(p l an t  i n f l u e n t / e f f l u e n t ) .  Flow r a t e s  may be a v a i l a b l e  i n  t he  form of 
I . .  

p l a n t  i n f l u e n t  flow record ings  and/or E.P.A. 201 F a c i l i t i e s  P lans .  How- 

ever ,  t he  mass flow r a t e  a v a i l a b l e  a s  a  thermal energy source  may, depend- 

i ng  on t h e  des ign  and/or  ope ra t ion  of each p a r t i c u l a r  sewage t reatment  

p l a n t ,  d i f f e r  from t h e  r a t e s  documented i n  a v a i l a b l e  r e p o r t s  o r  records.  

Therefore,  t he  fol lowing flow measurements a r e  recommended: r a w  sewage 

i n f l u e n t  (poss ib ly  a v a i l a b l e  from e x i s t i n g  in s t rumen ta t ion ) ,  p l a n t  

e f f l u e n t ,  and flow at: t h e  proposed supply. t i e - i n  p o i n t ( s )  ( i f  d i f f e r e n t  

from p l a n t  e f f l u e n t ) .  Again, measurements should be made on an hourly 

b a s i s  f o r  a period of one week (168 hours) during t h e  months'of January,  

Apr i l ,  Ju ly ,  and October. Flow d a t a  c o l l e c t i o n  perio'ds should correspond 

wi th  t h e  per iods  of temperature d a t a  c o l l e c t i o n  mentioned i n  s e c t i o n  10 .2 ; l .  

Ex i s t i ng  automatic  flow monitoring ins t rumenta t ion  should b e  u t i l i z e d  

where poss ib le . ,  Two p r i n c i p a l  types of flow measurement ins t rumenta t ion ,  

'the Kennison Flow Nozzle-type i n s t a l l a t i o n ,  and t h e  P a r s h a l l  Flume i n s t a l -  

l a t i o n ,  a r e  i n  widespread u s e  i n  modern sewage t reatment  p l a n t s  and w i l l  

y i e l d ' f l o w  r a t e  information of s u f f i c i e n t  accuracy f o r  t h i s  s tudy .  

The Kennison Nozzle i n s t a l l a t i o n ,  p i c tu red  i n  F igure  10-1, makes use  

of t h e  Venturi  p r i n c i p l e  b u t  t y p i c a l l y  employs a nozxlr , inseead of t h e  

Venturi  tube,  i n s e r t e d  i n  (o r  a t  the end o f )  a pipe .  The t h r o a t  of t h e  

nozzle  i s  cons iderably  l a r g e r  i n  diameter than t h e  t h r o a t  of a Venturi  

tube s i z e d  f o r  t h e  same range of flow, and t h e  r e s u l t i n g  t o t a l  l o s s  of 

head is  approximately t h e  same. These nozzles  can he used on p ipes  



varying in size from 6 to 36 inches in diameter and can be used for 

metering flows up to 18 million gallons per day (MGD) .21 

Rate idicatcu qzl 

Kennim flow nozzle Installatkn [from BIFJ. 

SOURCE: Wastewater Engineering, Metcalf and Eddy, Inc. 
21 
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Schematic of Parshal flume metering installation [from Fischer & Porter]. 

SOURCE: Wastewater Engineering, Metcalf and Eddy, Inc. 21 
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The Parshall Flume installation, pictured in Figure 10-2, utilizes the.. 

Venturi principle for the measurement of water flow in open channels. 

Because the throat width of the flume is constant, the discharge can be 

obtained from a single upstream measurement of depth .21 

Temporary flow measurement methods can be utilized where necessary. 

A simple and accurate method of flow measurement in open channels is the 

use of one of several weir configurations: rectangular, triangular (or 

V-notched), or trapezoidal. The rate of discharge over a weir can be 

directly related to the head of the discharge over the weir by the general 

equation : 

Where 

Ql = free discharge, cfs 

c = constant, defined for each weir configuration 
h = measured head, ft. 

. . n = exponent, defined for each particular weir 

For the widely used triangular (V-notch) weir the equation is defined 

. . 
as follows: 

. . 

SOURCE: Wastewater Engineering, Metcalf and Eddy, Inc. 21 

A preferred method of flow measurement in closed pipes is the use of 

an orifice plaLe and the attendant differential pressure instrumentation. 

In accordance with Torricelli's theorem that the velocity of flow through 

an orifice is equal to the velocity acquired by a freely falling body in 

a space corresponding to the head over the,orifice, the discharge through 

an orifice is. : 

Q = cAV = CAW 



Where 

Q = discharge, cfs 
c = coxis tant , depending on orif ice configuration 
A ,  = orifice area, sq. ft. 
V = velocity, fps . 

. . 2 .  
g = acceleration due to gravity, ft/sec 
H = heat, ft. 

L I  SOURCE: ' :Wastewater'Engineering, Metcalf and Eddy, Inc. 

An acceptable alternative method to orifice plates would be the.use 

of an Annubar-type device which also relates flow to the differential 

pressure across the d~vir.e. 

Depending on the specific point of application, the above mentioned 

methods may be impractical or impossible, in which case reasonable estimates 

may be developed through computation. This method involves applying 

standard flow formulas to field-measured data such as depth of flow and 

slope of discharge pipes. In addition, a coefficient of roughness must 

be selected. The method is, at best, an approximation dependent upon the 

21 
steadiness of flow at the time of observation.   evert he less, this method 

may serve in place of, or as a "ballpark" verification of, more sophisti- ' . 

cated methods. 

10.2.3 SUMMARY 

With the above mentioned data in hand, a.detailed estimate of the quan- 

tities of thermal energy available at the system-to-treatment plant inter- 

face can be developed. This data will also form the basis for the per- 

formancc evaluation of the overall HP-ICES scheme. 

10.3 CENTRAL STATION HEAT PUMP EQUIPMENT 

Once a data base is established for the conditions and amounts of 

thermal egergy 'that are available at the source(s), a comprehensive per- 

formance analysis of the EIP-WHR scheme can be undertaken. Obviously, 



t he  key component i n  t h i s  scheme i s  t h e  Cent ra l  S t a t i o n  Heat Pump 

Equipment and i t s  performance a s  t h e  i n t e r f a c e  between t h e  energy source(s )  

and the  d i s t r i b u t i o n  medium. Since performance d a t a  f o r  t he .Cen t r a1  Sta- 

t i o n  equipment w i l l  l i k e l y  no t  be a v a i l a b l e  f o r  t h e  s ,pec i f i c  range of 

condi t ions  of the  thermal energy source,  a  s i g n i f i c a n t  e f f o r t  should be  

d i r e c t e d  toward developing t h i s  d a t a  t o  be  used i n  t he  d e t a i l e d  performance 

ana lys i s .  

10.3.1 PERFORMANCE TESTING 

Tes t  procedures f o r  Cen t r i fuga l  Water-Chilling Packages a r e  ou t l i ned  

i n  A R I  Standard 550-77 (Air Conditioning and Ref r ige ra t ion  ~ n s t i t u t e ? ~ a n d  

w i l l  be adopted f o r  t h e  performance t e s t i n g  t o  be done i n  conjunct ion wi th  

t h i s  ana lys i s .  

Tes t ing  should be performed i n  a l abo ra to ry  environment, s i m i l a r  t o  

. , t h a t  u t i l i z e d  foy indus t ry  r a t i n g  t e s t s ,  where a l l  v a r i a b l e s  may be con t ro l l ed  

t o  t he  to l e rances  s e t  f o r t h  i n  t he  A R I  550-77 s tandard .  It may be d e s i r a b l e  

t o  c o n t r a c t  an  o u t s i d e  agency . to  perform t h e  a c t u a l  t e s t i n g .  

A t  l e a s t  fou r  s e t s  of performance t e s t s  should be  performed; each 

s e t  t o  r e f l e c t  the s p e c i f i c  i n i t i a l  cond i t i ons  documented i n  one of t he  

four  b a s e l i n e  d a t a  t e s t s .  The fol lowing t e s t  d a t a ,  r e l e v a n t  t o  t h e  per- 

formance of t he  u n i t ,  w i l l  be  taken: 

A. Temperature of water  e n t e r i n g  coo le r ,  OF 

B. Temperature of water  leav ing  coo le r ,  OF 

C. Chi l led  water  flow r a t e ,  GPM o r  l b .  per  h r .  

D. ~ e m ~ e r a t u r c  s f  eaLering condenser water, OF 

E. . Temperature leav ing  cvlidenser water ,  OF 

F. Condenser water flow r a t e ,  GPM o r  l b .  per  h r .  

G. ' Power inpu t  t o  compressor motor, KW 

From t h i g  d a t a ,  a h e a t  balance will  be performed ( t o  t h e  prescr ibed  



c l o s u r e  of 7.5 per  c e n t )  t o  s u b s t a n t i a t e  t h e  r e s u l t s  of t h e  t e s t .  With 

v a l i d a t e d  t e s t  r e s u l t s ,  an  accura te '  C.O.P. can be der ived  , for  each s e t  of 

b a s e l i n e  and ope ra t ing  cond i t i ons .  Likewise, a c t u a l  capac i ty  i n  tons  can 

be der ived .  General formulas f o r  t he  hea t  ba lance ,  C.O.P., and capac i ty  

a r e  included i n  Appendix D. 

10.3.2 WATER QUALITY 

A s i g n i f i c a n t  f a c t o r  t h a t  w i l l  a f f e c t  t h e  performance of t h e  Cent ra l  

S t a t i o n  equipment is  t h e  q u a l i t y  of water  a v a i l a b l e  from a sewage t reatment  

system t o  be  u ~ i l i z e d  aE t h e  thermal energy source.  Due t o  : the  presence 

of suspended s o l i d s  i n  the  form of BOD (or decampocable nrganic  ma t t e r )  i n  

raw sewage, t h e r e  i s  t h e  p o s s i b i l i t y  of methane gas genera t ion  and r e t e n t i o n  

i n  some segments of t h e  HP-WHR system. The most s i g n i f i c a n t  problem involved 

i n  u t i l i z i n g  sewage a s  t he  thermal energy source ,  though, i s  t h a t  of an in- 

creased fou l ing  f a c t o r  on t h e  h e a t  exchanger su r f aces .  

Methane gas gene ra t ion  occurs  i n  a sewage t reatment  system when the  

organic  suspended s o l i d s  (BOD), s e t t l e d  and c o l l e c t e d  a t  va r ious  p o i n t s  

i n  t h e  system, a r e  reduced by biochemical d i g e s t i o n  ( t y p i c a l l y  i n  a covered, 

anaerobic s ludge  d i g e s t o r ) .  Such s ludge  d i g e s t o r s  may u t i l P z e  po r t ions  of 

t h e  methane gas f o r  temperature r e g u l a t i o n  w i t h i n  the  d i g e s t o r ,  whi le  

o t h e r  des igns  may simply d ispose  of t he  excess  gas wi th  an open-flame 

f l a r e .  I n  o rde r  t o  avoid unnecessary methane genera t ion  i n  t he  Cent ra l  

S ta t ion .equipment  and i t s  a s soc i a t ed  p ip ing ,  t h e  organic  suspended s o l i d  

content  i n  t he  p o r t i o n  of t he  wastewater c i r c u l a t e d  through t h e  Cent ra l  

S t a t i o n  equipment h e a t  exchanger will be m i ~ ~ i m i z s d  by e x t r a c t i n g  i t  from 

the  sewage t rea tment  system a t  p o i n t s  fol lowing s ludge removal (providing 

t h a t  t he  wastewater a t  t hese  p o i n t s  is of s u f f i c i e n t  temperature) .  It i s  

expected t h a t  t he  remaining organic  suspended s o l i d s  w i l l  be  minimal and 



. . t h a t  any apprec i ab le  build-up i n  t h e  h e a t  exchanger can be avoided by 

opt imizing the  wastewater flow r a t e  through t h e  Cen t r a l  S t a t i o n  equipment. 

The des ign  of most t rea tment  p l a n t s  w i l l  a l low e x i s t i n g ,  open-type 

c l a r i f i e r s  t o  s e r v e  a s  accumulators f o r  t he  thermal supply medium. Thus, 

the need f o r  an  enclosed,  thermal supply.medium s t o r a g e  v e s s e l ,  a long wi th  

t h e  p o t e n t i a l  ' for  methane gas g e n e r a t i o d r e t e n t i o n  i n  t h e  HP-WHR s y s  tern, 

i s  avoided. I f ,  i n  f a c t ,  such a  v e s s e l  is  requi red  by t h e  design of a  

p a r t i c u l a r  sewage t rea tment  system, p rov i s ions  f o r  methane d i s p o s a l  may 

be included i n  t he  design i n  accordance wi th  s tandard  wastewater engineer- 

ing  p r a c t i c e .  I n  regard t o  c l a r i f i e r  performance as u t i l i z e d  i n  t h e  HP-WHR 

scheme, s tandard  manufacturers d a t a  is  a v a i l a b l e  i n  r e f e rence  t o  s t o r a g e  

capac i ty  (volume), s u r f a c e  a r e a ,  s u r f a c e  s e t t l i n g  r a t e s ,  maximum and mini- 

mum r e t e n t i o n  times., e t c .  Temperature and flow d a t a  w i l l  be developed a t  

t he  c l a r i f i e r  a s  explained i n  s e c t i o n s  10.2.1 and 10.2.2 i f  i t ,  i n  f a c t ,  proves 

t o  be t h e  most advantageous t i e - i n  p o i n t  f o r  t he  Cent ra l  S t a t i o n  equipment. 

Increased fou l ing  f a c t o r s  on t h e  Cen t r a l  S t a t i o n  equipment h e a t  ex- 

changer s u r f a c e s  w i l l  prove t o  be t h e  most troublesome problem as soc i -  

a ted  ~ 5 t h  water q u a l i t y  i n  t h e  HP-WHR system. The A R I  s tandard  f o r  water- 

c h i l l e r  t e s t i n g  assumes a f l u i d  wi th  a  fou l ing  f a c t o r  of .0005 ( a l s o  

widely used a s  t he  rule-of-thumb i n  ind i i s t ry) .  Ilswever, water  q u a l i t y  

d a t a  surveyed from va r ious  sewage trca,tment p l a n t s  i n d i c a t e s  t h a t  fou l ing  

f a c t o r s  may range t o  s e v e r a l  t imes t h a t  f i g u r e .  The fou l ing  f a c t o r  f o r  

water  samples taken from t h e  Chicago San i t a ry  Canal has  been q u a n t i f i e d  

a t  .006 to .008. (a  t a b l e  of t y p i c a l  fou l ing  f a c t o r s  from Reference 7 i s  

reproduced i n  Appendix L) a s  Table D-1.) 

The f i r s t  s t e p  i n  de f in ing  a  f o u l i n g  f a c t o r  f o r  t h e  q u a l i t y  of waste- 

water t o  be  c i r c u l a t e d  through t h e  Cen t r a l  S t a t i o n  equipment h e a t  exchangers 



should be c o l l e c t i n g  wastewater samples, r e p r e s e n t a t i v e  of t h e  water  t h a t  

w i l l  be  c i r c u l a t e d ,  a t  t h e  p o i n t  i n  t h e  sewage t reatment  process  where t h e  

thermal energy supply medium w i l l  be  e x t r a c t e d .  A f u l l  water  q u a l i t y  

a n a l y s i s  should be performed by a q u a l i f i e d  t e s t i n g  agency o r  l abo ra to ry ,  

and the  a n a l y s i s  compared t o  t y p i c a l  ana lyses  f o r  t h e  ty.pes of f l u i d s  f o r  

which a  fou l ing  f a c t o r  has,  been def ined .  This comparison should g ive  a 

"bal l -park f igu re"  f o r  t he  expected f o u l i n g  f a c t o r s .  

In  o rde r  t o  o b t a i n  b e t t e r . d e f i n e d  d a t a ,  though, more t e s t i n g  would be 

requi red .  An addiLiona1 pcrformanr.e tes t  may be d e s i r a b l e  i n  which the  

average b a s e l i n e  cond i t i ons  a r e  dup l i ca t ed  and the  water  supply t o  t h e  

evaporator  s imu la t e s  t h e  water  q u a l i t y  of t h e  thermal energy source.  Such 

a  t e s t  would r e v e a l  t h e  immediate d i s c e r n a b l e  e f f e c t s  ( i f  any) of water  

q u a l i t y  on C.O.P. and g ive  an i n d i r e c t  i n d i c a t i o n  of t h e  fou l ing  f a c t o r .  
. . 

(The decrease  i n  performance r e s u l t i n g  from a h igher  fou l ing  f a c t o r  is  

roughly equ iva l en t  t o  r a i s i n g  t h e  l eav ing  condenser water  temperature Z°F 

f o r  every .0005 i n c r e a s e  i n  t he  f o u l i n g  f a c t o r . )  Figure 10-3 shows t h e  

es t imated  percentage reduct ion  of t h e  nominal C.O.P. a t  fou l ing  f a c t o r s  

ranging from .0005 t o  .0025 f o r  e i t h e r  t h e  evaporator  o r  condenser.  

Continued t e s t i n g  under t h e  above s p e c i f i e d  condi t ions  w i l l  quan t i fy  t he  

long term e f f e c t s  on the  Cen t r a l  s t a t i o n  equipment C.O.P. and al low calcu- 

l a t i o n  of t h e  a c t u a l  fou l ing  f a c t o r .  (Formulas and d e f i n i t i o n s  concerning 

fou l ing  f a c t o r s  a r e  included i n  Appendix D.)  Moderately high fou l ing  

f a c t o r s  (.0005 t o  .0025) may d i c t a t e  simply t h a t  a  l a r g e r  evaporator  h e a t  

exchanger be s p e c i f i e d  f o r  t h e  Cen t r a l  S t a t i o n  equipment. Very high foul-  

i ng  f a c t o r s  (over .0025) may r e q u i r e  t h a t  a  mechanical c leaning  system 

f o r  the  hea t  exchanger be  s p e c i f i e d .  Severa l  methods a r e  acceptab le ,  

ranging . . .  from manual i n spec t ion  and f lu sh ing ,  t o  reverse-flow a c t i v a t e d  



brush scrubbers, to a continuous cycle, spherical rubber scrubber system 

such as an Amertap. 

Once a range of values for the expected fouling factor of the waste- 

water is determined, a final equipment test (or set of tests), incorporat- 

ing the appropriate mechanical cleaning system(s), is recommended to develop 

the baseline information necessary to evaluate the performance 'of these !. . 

systems in this particular application. From this performance evaluation, 

general 'guidelines for design specifications and operating procedures in 

the HP-WHR system application can be developed. 

COP = 105. - 9000 ( FF ) 

85 - 

. . .001 .0015 .002 .0025 

FOULING FACTOR ( h r  f f 2  OF /B lu )  

REDUCTION OF PACKAGE CHILLER C.O.P. 
AS A FUNCTION OF FOULING FACTOR 

SOURCE: Central Cooling - Compressive Chillers, christian5 

FIGURE 10-3 

10.. 4 END-USER HEAT PUMP EQUIPMENT 

The ultimate community acceptance of this HP-ICES scheme will depend 

on the energy efficiency of the heat' pump equipment in use in homes and 

places of businis.&. This scheme offers the initial advantage of utilizing 

in the end-user segment water source or hydronic heat pumps. However, it 

is expected that the performance of the end-user equipment will be even 



more improved by t h e  e f f e c t  of cascading the  h e a t  ga in  of t h e  hydronic 

h e a t  pump wi th  t h a t  of t h e  Cent ra l  S t a t i o n  equipment. Obviously, t h e ' p e r -  

formance of t h e  end-user equipment w i l l  depend upon t h e  condi t ions  i n  t h e  

d i s t r i b u t i o n  medium suppl ied  by t h e  Cent ra l  S t a t i o n  equipment. Again i t  

is  expected t h a t  a p p l i c a t i o n  r a t i n g s  f o r  t h i s  s p e c i f i c  s e t  of condi t ions  
. . 

w i l l  n o t  be a v a i l a b l e .  To complete t h e  d a t a  needed f o r  t h e ' d e t a i l e d ' p e r -  

formance a n a l y s i s ,  t e s t s  on the  end-user h e a t  pump equipment must be 

performed. 

PERFUWNCE TESTING 

Test  procedures  f o r  Water-source h e a t  pumps a r e  o u t l i n e d ' i n  ARI 

s tandard  320-76 (Air-Conditioning and Ref r ige ra t ion  I n s t i t ~ t e ) ~ ~  and w i l l  

b e  adopted f o r  t h e  performance t e s t i n g  t o  be done i n  conjunct ion wi th  t h i s .  

ana lys i s .  

A s  w i t h t h e  components s e l e c t e d  f o r  use  a t  the  Cent ra l  S t a t i o n ,  end-user . 

equipment should be t e s t e d  i n  a l abo ra to ry  environment where a l l  v a r i a b l e s  

may be c o n t r o l l e d  t o  t he  to l e rances  s e t  f o r t h  i n  t h e  A R I  320-76 s tandard .  

Again, i t  may be d e s i r a b l e  t o  con tac t  an  o u t s i d e  agency t o  perform t h e  

a c t u a l  t e s t i n g .  Four s e t s  of performance t e s t s  should be performed; each 

set t o  r e f l e c t  t h e  d i s t r i b u t i o n  medium cond i t i ons  documented i n  one of the  

fou r  Cen t r a l  S t a t i o n  equipment t e s t s .  Tes t  cond i t i ons  s e t  f o r t h  i n  t h e  

procedures f o r  t h e  s tandard  r a t i n g  t e s t  should be  adhered t o ,  wi th  t h e  

excep t ion ,o f  the. water  temperature e n t e r i n g  t h e  re f r igerant - to-water  hea t  

exchanger, which w i l l  correspond t o  t h e  output  temperature of t h e  d i s t r i b u t i o n  

medium from t h e  Cen t r a l  S t a t i o n  equipment. 

From t h e  performance d a t a  gathered i n  t h e s e  t e s t s ,  a ccu ra t e  C.O.P.'s 

(or  Energy Ef f i c i ency  Ra t io s ,  EER1s, a s  app ropr i a t e )  can be derived f o r  

each set of seasonal  ope ra t ing  condi t ions .  



. 4 . 2  PROCESS HEAT RECLAIM EQUIPMENT 

I n  a d d i t i o n  t o  r e s i d e n t i a l  and commercial space hea t ing  and cool ing  

needs; i t  i s  expected t h a t  po r t ions  of the  thermal load from t h i s  HP-ICES 

may be app l i ed  i n  i n d u s t r i a l  processes .  However, due t o  t he  wide v a r i e t y  

of hea t  exchangers t h a t  may he u t i l i z e d  i n  i ndus t ry ,  i t  i s  imprac t i ca l  t o  

o u t l i n e  a s p e c i f i c  performance t e s t i n g  procedure f o r  each. In s t ead ,  pro- 

cedures w i i l  be o u t l i n e d  and performance d a t a  developed as s p e c i f i c  appl i -  
. . 

c a t i o n s  (and the  r equ i r ed  equipment) a r e  i d e n t i f i e d .  

10.5 SUMMARY 

With a l l  p e r t i n e n t  performance d a t a  documented, t y p i c a l  ope ra t ing  

cond i t i ons  can be p red ic t ed  and analyzed according t o  t h e  procedures 

developed . in  Chapter 3 .  The r e s u l t  of t he  comprehensive perfdrmance 

a n a l y s i s  w i l l  be  an o v e r a l l  system c o e f f i c i e n t  of performance,(C.O.P.) 

which can be used i n  economic ana lyses ,  energy e f f e c t i v e n e s s  s t u d i e s ,  and 

o t h e r  s i m i l a r  performance comparisons wi th  o t h e r  systems. S a t i s f a c t o r y  

performance, cons ider ing  a l l  t h e  parameters d i scussed  i n  previous s e c t i o n s ,  

w i l l  a l low t h e  u t i l i z a t i o n  i n  a.comrnunity system of h e r e t o f o r e  wasted 

h e a t  i n  s u f f i c i e n t  q u a n t i t i e s  t o  make such an  HP-WHR system p r a c t i c a b l e .  

The u l t i m a t e  success  of t h i s  HP-ICES scheme w i l l  depend on i t s  

economic f e a s i b i l i t y ,  eit,her now or in Llie f o r e s e e a b l e .  f u t u r e .  Q u i t e  

obviously, t h e  economic f e a s z b i l i t y  w i l l  d i r e c t l y  r e l a t e  t o  opt imizing 

the '  o v e r a l l  system C.O.P. f o r  t h e  s p e c i f i c  ope ra t ing  cond i t i ons  f o r  each 

s i t e  of a p p l i c a t i o n .  

10.6 METHODOLOGY 

Since the.performance t e s t i n g  of t h e  h e a t  pumps ( e i t h e r  Cent ra l  
, . 

S t a t i o n  o r  end-user) d i c t a t e s  a  change i n  magnitude.of on ly  one .parameter, 

temperature of ' t h e  thermal source,  over  t h e  s tandard  test procedures ,  t h e  



test  methodology set  f o r t h  i n  t h e  a p p l i c a b l e  A R I  s t anda rds  w i l l  be adopted 

f o r  t h i s  performance a n a l y s i s .  S p e c i f i c  s t anda rds  t h a t  apply a r e  a s  . 

fo l lows  : 

A R I  320-76 Standard f o r  Water-Source Heat Pumps 5 3 

A R I  550-77 Standard f o r  Cen t r i fuga l  Water-Chilled Packages 5 4 

ASHRAE 14-67 ' Methods of Tes t i ng  f o r  Rat ing Mechanical 
5  1 

Condensing Uni t s  

ASHRAE 37-69 Methods of Tes t ing  f o r  Ra t ing .Un i t a ry  A i r  5  2 

Condi t ioning and Heat Pump Equipment 

Add i t i ona l ly ,  recommendations s e t  f o r t h  i n  Chapter 12  of t h e  ASHRAE 

Handbook of  Fundamentals, "Measurement and ~ n s t r u r n e n t s " , ~ ~  w i l l  be  follow- 

ed i n  t h e  t e s t  procedures .  

Unfortunately,  i t  is beyond t h e  scope of t h i s  d i s cus s ion  t o  o u t l i n e  

d e t a i l e d  test  procedures  f o r  each s p e c i f i c  p i e c e  of equipment t h a t  w i l l  be 

u t i l i z e d  i n  t h i s  HP-ICES scheme. Accordingly, d e t a i l e d  test procedures 

w i l l  be developed a t  t h e  o u t s e t  of t h e  a c t u a l  t e s t i n g  program. A procedure 

f o r  t e s t i n g  and a n a l y s i s  was developed i n  "Demonstration of Bui lding Heat- 

i n g  wi th  a  Heat Pump Using Thermal E f f l u e n t t t  by P e t e r  W. Sec tor ,33  and w i l l  

be  used a s  a  model i n  developing t h e  d e t a i l e d  . . t e s t  procedures f o r  t h i s  

program. 



l L 1 , O  ANALYSES DESCRIPTION 

11.1 INTRODUCTION 

The s p e c i f i c  assumptions and methodology p e r t a i n i n g  t o  t h e  va r ious  

ana lyses  made i n  t h i s  r e p o r t  a r e  descr ibed  i n  t h e  body of t h e  r e p o r t  w i th in  

each sec t ion .  However, t h i s  s e c t i o n  provides a d d i t i o n a l  i n s i g h t  i n t o  t h e  

assumptions and c a l c u l a t i o n s  used i n  t h e  P o t e n t i a l  A p p l i c a t i o n s , ~ x p e c t e d  

Economics and Performance s e c t i o n s  of t h e  r e p o r t .  

The tendency i n  most ca ses  w a s  t o  be conse rva t ive  i n  t h e  ana lyses  

and make what was considered t o  be reasonable  assumptions. P r a c t i c a l  en- 

g ineer ing  approximations and common indus t ry  p r a c t i c e s  were used where . 

necessary.  It was t h e  i n t e n t  of t h e  au tho r s  t o  provide engineering ca l -  

c u l a t i o n s  which would be f a m i l i a r  t o  t h e  p r a c t i c i n g  engineering p ro fe s s iona l  

who might wish t o  u t i l i z e  t h e  concept i n  a  s p e c i f i c  a p p l i c a t i o n .  

POTENTIAL APPLICATIONS 

The p o t e n t i a l  a p p l i c a t i o n s  s e c t i o n  of t h e  r e p o r t  is  concerned wi th  

e s t ima t ing  t h e  energy saving p o t e n t i a l  of t h e  HP-WHR scheme on a n a t i o n a l  

bas i s .  The e s t ima te  was developed us ing  t h e  b e s t  wastewater e f f l u e n t  flow 

s t a t i ~ t i c s  a v a i l a b l e .  Unfortunately,  t h e  wastewater e f f l u e n t  s t a t i s t i c s  

' a r e  based on domestic water consumption f i g u r e s  and f a i l  t o  inc lude  numerous 

' thermally a t t r a c t i v e  sou rces  such as i n d u s t r i a l  discliarges d i r e c t l y  t o  sur-  

f a c e  water s t reams and power p l a n t  waste  h e a t .  

The a p p l i c a t i o n  of t h e  HP-WHR concept is  a l s o  dependent on popula t ion  

(user )  dens i ty ,  s i n c e  the  d i s t r i b u t i o n  system w i l l  ' apparent ly  be  t h e  

doluirlant c a p i t a l  c o s t .  High use r  d e n s i t i e s  w i l l  tend t o  i nc rease  t h e  h e a t  

recovery a p p l i q a t i o n  f a c t o r  and 'enhance t h e  energy e f f e c t i v e n e s s  and thus  

t h e  d e s i r a b i l i t y  of t h e  scheme. 

I n  o rde r  t o  develop a  more a c c u r a t e  p i c t u r e  of p o t e n t i a l  a p p l i c a t i o n s  



i t  w i l l  be  necessary  t o  develop a  new primary data-base c o r r e l a t i n g  waste- 

w a t e r  e f f l u e n t s ,  thermal  q u a l i t y . a n d  d e n s i t y  of energy use r s .  

11 .3  EXPECTED ECONOMICS 

The expected economics of t h e  HP-WHR scheme i s  u l t i m a t e l y  th,e 

.. determining f a c t o r  i n  whether o r  n o t  t h e  scheme w i l l  be  pursued s e r i o u s l y  

and implemented. Unfortunately,  genera l ized  economic performance is. not  

a c c u r a t e  enough f o r  a  thorough eva lua t ion  o f . t h e  system's performance i n  

a l l  cases .  
. . 

It i s  p o s s i b l e  t o  make some s p e c i f i c  observa t ions  abour Llle e f f e c t s  

c e r t a i n  economic assumptions impose on t h e  o v e r a l l  a t t r a c t i v e n e s s  of t he  

system. These a r e a s  a r e  d iscussed  here .  

F i r s t ,  t h e  c a p i t a l  c o s t  of t h e  c e n t r a l  p l a n t  and d i s t r i b u t i o n  system 

s e r i o u s l y  impact t he  c o s t  of energy suppl ied  through thermal t r a n s p o r t  media. 

It appears  t h a t  t h e  d i s t r i b u t i o n  system i s  by f a r  t h e  most important of 

t hese  c a p i t a l  c o s t s .  For t h a t  reason ,  a r e a s  w i th  h igh  d e n s i t i e s  of thermal 

u s e r s  w i l l  prove.  more economical. 

Financing is  another  a r e a  c r i t i c a l  t o  t h e  c o s t  of t h e  c a p i t a l  equip- 

ment. The i n t e r e s t  r a t e  and.mortgage time could pena l i ze  t h e  system dur- 

i n g  t h e  i n i t i a l  y e a r s  of ope ra t ion .  Of course,  a s  time goes on, t h e  f i xed  

c o s t s  w i l l  remain cons t an t  and w i l l  become l e s s  important a s  r i s i n g  energy 

c o s t s  and in£  l a t i o n  a f f e c t  v a r i a b l e  ope ra t ing  c o s t s .  

Esca l a t ion  r a t e s  f o r  va r ious  f u e l  sources  and t h e  e l e c t r i c  r a t e  

d i f f e r e n t i a l  between r e s i d e n t i a l  and l a r g e  municipal customers has  an im-  

pac t  on when the  HP-WHR scheme w i l l  become compet i t ive .wifh  convent ional  

energy sources  such a s  n a t u r a l  gas .  



The p re sen t  worth f a c t o r  is another  v a r i a b l e  a f f e c t i n g  t h e  outcome 

of t he  a n a l y s i s .  I n  the-  ca se  of t he  f a c t o r  and t h a t  of t h e  f u e l  and in-  

f l a t ' i ~ ~  e s c a l a t i o n  e s t ima te s ,  an  accu ra t e  a n a l y s i s  would r e q u i r e  consider-  

a t i o n  of t he  b e s t  s i t e - s p e c i f k  information a v a i l a b l e  a t  t h e  time t h e  a n a l y s i s .  
. . 

is  made. 

F ina l ly ,  t he  r e l a t i v e  c o s t  of a l t e r n a t i v e  hea t ing  and cool ing  systems 
. , 

fo,r  t h e  r e s i d e n t i a l  customer w i l l  i n f luence  the  HP-WHR system recep t ion  by . 

t h e  u l t i m a t e  consumer. Future  community developments w i l l  c e r t a i n l y  be more. , 

r e c e p t i v e  t o  such a  scheme than would r e t r o f i t  candida tes  s i n c e  t h e  incre-  

mental c o s t  over s tandard  a l t e r n a t i v e s  a s s o c i a t e d  wi th  t h e  h e a t  pump system 

w i l l  be small .  

ii .4 PERFORMANCE ANALYSIS 

. . The o b j e c t i v e  of our  performance a n a l y s i s  i s  t o  determine t h e  energy 

requirements of t h e  HP-WHR system d e l i v e r i n g  a given amount of hea t ing  o r  

cool ing  e f f e c t  f o r  a  community when using wastewater e f f l u e n t  a s  a  h e a t  

source o r  s ink .  Add i t iona l ly ,  t he  HP-WHR system w i l l  be compared wi th  con- 

ven t iona l  systems se rv ing  t h e  same func t ion .  The HP-WHR i s  modelled a s  

shown i n  Figures  3-1 and 3-2 f o r  t h e  hea t ing  and cool ing  modes. A s  i nd i ca t ed  

i n  t h e  f i g u r e s ,  t he  system's  p r i n c i p a l  components a r e :  a  c e n t r a l  h e a t  pump, 

d i s t r i b u t i o n  p i p e  l i n e s ,  water  pumps, s t o r a g e  r e s e r v o i r s  a ~ ~ d  end-user hea t  

pumps. , I n  a c t u a l  p r a c t i c e ,  t he  system may consisL of ' a  bat ' tery of c e n t r a l  

. . h e a t  pumps, one o r  more s t o r a g e  r e s e r v o i r s ,  boos te r  pumps, e t c .  For pur- 

poses'  of our  a n a l y s i s ,  we have included one end-user hea t  pump and a  s i n g l e  

central-  h e a t  pump u n i t .  The t o t a l  energy requi red  t o  d e l i v e r  a u n i t  of 

hea t ing  nr c o o l i n g ' a I I e c t  t o  one r e s i d e n t i a l  end-user involves p ropor t iona l  

energy i n p u t s  t o  t h e  c e n t r a l  h e a t  pump u n i t ,  the  end-user u n i t  and the  

a s soc i a t ed  pumping energy involved i n  water  flow through evapora tors ,  condensers', 

d i s t r i b u t i o n  p i p e  l i n e o  and provis ion  f o r  thermal l o s s e s .  Each coniponenc 



w i l l  be  d iscussed  s e p a r a t e l y  and a  procedure f o r  c a l c u l a t i n g  the  t o t a l  

energy ( e l e c t r i c a l  o r  mechanical) i n p u t  t o  t he  system i s  o u t l i n e d  u t i l i z i n g  

a v a i l a b l e  performance da t a .  Sample c a l c u l a t i o n s  a r e  included i n  t he  appendices.  

11.4.1 SELECTION OF DESIGN LOADS 

Two geographica l  reg ions  i n  t h e  United S t a t e s  were s e l e c t e d  f o r  t h e  

s tudy  of t h e  HP-WHR system. The d e t a i l s  of the  houses and t h e  des ign  loads  

a r e  given below. The s e l e c t i o n  of t h e  des ign  hea t ing  and cool ing  loads  was 

based on t h e  informat ion  presented  i n  Reference 27. 

Locat ion:  Nnrthwest Cen t r a l  Region 
I 

House 1: Design hea t ing  load  = 55,000 Btdh 
Design o u t s i d e  temperature = 20°F (hea t ing)  
Design i n s i d e  temperature = 75°F. 
(65°F) degree-days = 8300 
Design cool ing  loads  = 11,500 
Design o u t s i d e  a i r  temperature = 89°F (cool ing)  
Design i n s i d e  a i r  temperature = 78°F (cool ing)  
Summer equ iva l en t  f u l l  load  cool ing  h r s  = 600 

Locat ion:  South A t l a n t i c  Region 

House 2: Design hea t ing  load = 31,000 Btuh 
Design o u t s i d e  temperature = 22°F (hea t ing)  
Design i n s i d e  temperature = 75°F 
(65°F) degree-days = 2920 
Design cool ing  loads  = 25,150 Btu/hr 
Design o u t s i d e  a i r  temperature = 95°F (cool ing)  
Design i n s i d e  a i r  temperature = 78°F (cool ing)  
Summer equ iva l en t  f u l l  load  c o o l i n g ' h r s  = 1000 

11.4.2 ASSUMPTIONS 

a )  The b a s i c  vapor compression c y c l e  as descr ibed  i n  s e c t i o n  11.4.3 

is  used a s  a  b a s i s  f o r  the  d e f i n i t i o n  of terms .used i n  t h e  a n a l y s i s .  The 
b 

h e a t  pumps t h a t  a r e  used i n  t h i s  a n a l y s i s  a r e  s e l e c t e d  from manufacturers '  

models l i s t e d  f o r  s tudy  i n  References 5,6,  and 7, s i z e d  t o  s u i t  t he  design 

loads  used i n  our  a n a l y s i s .  Brand names of t h e  models a r e  omit ted.  Heat ' 

pumps and. t h e i r  c h a r a c t e r i s t i c s  a r e  presented i n  s e c t i o n . l l . 4 . . 9 .  

b) The water  d i s t r i b u t i o n  l i n e s  a r e  'bur ' ted app,roximately s i x  . 



. . 

f e e t  underground t o  minimize hea t  l o s s .  Under t he se  cond i t i ons ,  t he  t e m -  

p e r a t u r e  change of t he  water  due t o  hea t  l o s s  o r  ga in  would be very small 

s i n c e  t h e  ope ra t i ng  water  temperatures  a r e  low. This  assumption is j u s t i f i e d  

by a n  example i n  s e c t i o n  11.4.'8. 

c )  The thermal s t o r a g e  i s  designed s o  t h a t  t h e  h e a t  l o s s e s  o r  ga ins  

would be n e g l i g i b l e . .  An approximate a n a l y s i s  of t h e  temperature  change of 

water  i n  t h e  reserv0i . r  i s  d iscussed  i n  s e c t i o n  11.4. .8.  

'd) The. thermal  p r o p e r t i e s  of t h e  c l a r i f i e d  e f f l u e n t  a r e  assumed t o  

be t he  s ame ' a s  those  of water .  

3)  Apart from t h e  h e a t  exchange between the  r e f r i g e r a n t  and t h e '  h e a t  

t r a n s f e r  medium (water - to-a i r ) ,  h e a t  l o s s e s  t o  t he  surroundings a r e  n e g l i g i b l e .  

Other assumptions w i l l  be s t a t e d  a s  they a r e  made i n  t h e  course of 

t h e  a n a l y s i s  and c a l c u l a t i o n s .  

11.4.3 VAPOR COMPRESSION CYCLE 

The hea t  pump used i n  t h e  a n l a y s i s  of t h e  HP-WHR system is based on 

the  vapor compression r e f r i g e r a t i o n  cyc l e  (F igure  l L l ) ' .  The i d e a l  c y c l e  

c o n s i s t s . o f  the  fo l lowing  processes :  

1 . )  i s e n t r o p i c  compression of t h e  vapor 

2 . )  cons t an t  p r e s s u r e  hea t  r e j e c t i o n  from t h e  r e f r i g e r a n t  i n  the  
condenser t o  t h e  s ~ ~ r r o u n d i n g s  

3 . )  i r r e v e r s i b l e  a d i a b a t i c  expansion ( t h r o t t l i n g )  i n  t h e  
expansion va lve  

4 . )  cons t an t  p r e s s u r e  hea t  abso rp t ion  by t h e  r e f r i g e r a n t  
i n  t h e  evapora tor  from t h e  surroundings 

I n  a c t u a l  cyc l e s ,  t h e r e  a r e  l o s s e s  due t o  t h e  p r e s s u r e  drops i n  the flow . 

tubec, heaL loss . . f rom t h e  tubes ,  i n e f f i c i e n c y  of  t h e  compression process ,  e t c .  
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BASIC VAPOR COMPRESSION CYCLE 

FIGURE 11-1 

The c o e f f i c i e n t  o f  performance of t h e . h e a t  punip i s  g i v e n  by 

Qc 
h  -h 

COP - - - 2  3 - - 
( i d e a l )  

Energy i n p u t  
h2-hl 

COP - - Qc - 
( a c t u a l )  

E t h  

. . Where Eth i s  t h e . t o t a 1  energy  i n p u t  t o  t h e  u n i t  i n c l u d i n g  

motor l o s s e s  and Q is  t h e .  h e a t  r e j e c t e d  i n  t h e  condenser .  
C 

The c o e f f i c i e n t  of performance of t h e  c h i l l e r  ( r e f r i g e r a t o r ) .  i s  g iven  

COP = Qc (11-3) 
( r e f r i g e r a t o r  o r  c h i l l e r )  

E t h  

Where Qc is c a l l e d  t h e  r e f r i g e r a t i n g  e f f e c t  o r  c o o l i n g .  



Heat Re j e c  t i o n  Factor  (HRF) : 

This is the  r a t i o  of h e a t  exchanged i n  t he  condenser t o  t h a t  exchanged 

i n  t he  evaporator  and i t  is r e l a t e d  t o  t he  c o e f f i c i e n t  of performance 

COP a s  fo l lows .  Using t h e  development i n  Reference 49, we have 

COP = _[ (HRF) E I 
[HRF-1 ] 

(COP) HRF = - (COP-E) 

Where 

E is  1 .0  minus t h e  propor t ion  o f  i n p u t  power 

not  de l ive red  t o  t he  condenser,  expressed a s  a decimal,  and i t s  va lue  depends 

on t h e  manner i n  which the  compressor i s  cooled. Throughout our  a n a l y s i s  we have 

assumed t h a t  E = 0.92. 

Also i t  can be shown t h a t  

- - 
'Opheat pump 'OPrefrigera t o r  ' +  E 

11.4.4 CALCULATION' PROCEDURE 

Ca lcu la t ion  procedure f o r  t he  energy requirement of t h e  HP-WHR system 

t o  d e l i v e r  a given amount of hea t ing  e f f e c t  t o  t h e  end-user : 

. H e a t h y ,  mode - Reference 1s made t o  F igure  3-1 and i t  i s  assumed t h a t  

the  h e a t  e x t r a c t e d  from the  d i s t r i b u t i o n  water flowing through t h e  evap- 

o r a t o r  of the  end-user h e a t  pump equals  t he  h e a t  r e j e c t e d  t o  t he  water  i n  

t he  condenser of t h e  c e n t r a l ' h e a t  pump. 

The t o t a l  energy requirements inc lude  t h e  work inpu t  t o  t h e  com- 

p re s so r s  of the.'.end-user h e a t  pump, t h e  c e n t r a l  h e a t  pump and t h e  energy 

requi red  t o  overcome t h e  d i s t r i b u t i o n  l o s s e s .  



End-user h e a t  pump: 

Qce 
= hea t ing  load  

work i n p u t  t o  end-user h e a t  pump: 

- - Qce 
'ce CoPend-user 

Heat absorbed i n  t he  evaporator :  

Qee = Q.. 
HRF 

Where 

RlRF is  c a l l e d  tlie h e a t  r e j e c t i o n  f a c t o r  given by 

COP 
HRF = - 

(COP-E) 

Where 

COP i s  t h e  C o e f f i c i e n t . o f  Performance of t h e  h e a t  pump. 

Qe = iw cp Oel-Te2) ( ~ i - 9 )  

Where 

Tel 
and Te2 a r e  t h e  e n t e r i n g  and l eav ing  temperatures  of 

water  f lowing through the  evapora tor ,  $ t h e  mass rate of flow of water  

and c i t s  s p e c i f i c  hea t .  
P 

I / . . Using t h e  above equat ion  the  m a s s  r a t e  of flow of water  i s  ca l cu la t ed  

and used f o r  t h e  computation of p re s su re  drops as explained i n  t h e  a n a l y s i s  

s ec t ion .  
. . 

_I * I. 

~ e n t r a i  h e a t  pump : 

- 
Qc -. Q,. 

( c e n t r a l  h e a t  pump) (end-user heat' pump) 

Where Qc = h e a t  r e j e c t e d  i n  t h e  c e n t r a l  s t a t i o n  h e a t  pump 

Qe = h e a t  absorbed i n  the  e n d - u s e r h e a t  pump 



Work inpu t  t o  compressor of c e n t r a l  h e a t  pump i s  def ined  by the  

. fo l lowing  equat ion:  

w- = Q-(cent ra l  h e a t  pump) 
L L; 

COP ( c e n t r a l  h e a t  pump) 

To ta l  energy i n p u t  t o  compressor: 

( c e n t r a l  h e a t  pump) (end-user  h e a t  pump) 

ZWlosses 
= W + l o s s e s  unaccounted 

P  

= 0.05 CWc '(11-12) 

Note: I n  t l ~ e , s e c t i o n  on a n a l y s i s  i t  i s  shown t h a t  t h e  pump energy 

a s soc i a t ed  wi th  one end-user is  approximately 5% of t he  t o t a l  energy inpu t  

t o  t he  compressors. However, a s  i nd ica t ed  i n  t h e  sample c a l c u l a t i o n s ,  t h e  

reduct ion  i n  system COP would be 4-5% i f  t h e  l o s s e s  increased  t o  10%. 

~ o t a l  energy inpu t  t o  t h e  HP-WHR system i s  def ined  by t h e  fol lowing 

equat ion  : 

- E - IWc + CWlosses  
s y s  tern 

and the re fo re :  

- - (hea t ing  load)  
CoPsys tern Esys tem 

A s i m i l a r  c a l c u l a t i o n  procedure is  used f o r  t h e  cool ing  mode. 



11.405 ANNUAL ENERGY CONSUMPTION 

The c a l c u l a t i o n  of t h e  annual energy consumption of the  HP-WHR system LU 

d e l i v e r  a  g iven  amount of hea t ing  o r  cool ing  e f f e c t  involves  t h e  use  of .. 

t h e  p a r t  l oad  performance d a t a  on the  end-user h e a t  pump (water- to-air) ,  

t h e  c e n t r a l  u n i t  (water-to-water), t h e  pumps and informat ion  on t h e  t r a n s i e n t  

performance of t h e  thermal s t o r a g e  r e s e r v o i r .  Information on t h e  p a r t  load  

performance of water-to-water compressive c h i l l e r  is ava i lab le(Reference  7) 

b u t  no p r e c i s e  d a t a  on p a r t  load  performance of water- to-air  hea t  pumps- i s  

repor ted  i n  technical l i t e r a t u r e  a t  the  p re sen t  t ime, The end-usel . 

consumes about  twice t h e  energy consumed by the  c e n t r a l  h e a t  pump i n  t h e  

HP-WHR s y s  tem. 

A s  d i s cussed  i n  s e c t i o n  3.5.2, h e a t  pumps s u f f e r  dynamic e f f i c i e n c y  

l o s s e s  due t o  p a r t  l oad  o p e r a t i o n  dur ing  t h e  year .  Assuming t h a t  t h e  

dynamic e f f i c i e n c y  l o s s e s  of t h e  HP-WHR system a r e  s i m i l a r  t o  those of 

convent ional  h e a t  pumps, i ts  annual s teady  s t a t e  energy consumption i s  

ad jus t ed  a s  fo l lows  : 

Annual energy consumption = s teady  s t a t e  energy consumption x F 

Where the. f a c t o r  F a l lows  f o r  t h e  

dynamic e f f i c i e n c y  l o s s e s .  According t o  R.eference 10 t h e  va lues  of 

F a r e :  

Heating season F . =  1.096 

Cooling season F = 1.164 

Annual F = 1.118 

Conventional systems: The procedure explained i n  the  chapter  on Energy 

Est imating Methods i n  Reference.49,  is  used a s  the b a s i s  f o r  computing ' the 

annual energy consumption of gas  warm a i r  hea t ing  systems. The.annua1 energy 

consumption by the  a i r - t o - a i r  h e a t  pump was c a l c u l a t e d  by using the  seasonal  

performance f a c t o r  ob ta ined  from Reference 5.  



and t h e  h e a t  e x t r a c t e d  from t h e  d i s t r i b u t i o n  system, 

Where HRF h e a t  r e j e c t i o n  f a c t o r .  

For t h e  h e a t  pump ope ra t ing  i n  t h e  cool ing  mode 

and t h e  h e a t  r e j e c t e d  Qc = QL x HRF (11-16) 

I f  t h e  h e a t  r e j e c t e d  Qc by end-user pump 2 (cool ing  mode u n i t )  equals  QE, t h e  

h e a t  e x t r a c t e d  from t h e  d i s t r i b u t i o n  water  by end-user pump 1, then  t h e r e  

w i l l  be no n e t  change i.n t h e  energy of t h e  d i s t r i b u t i o n  water  and no work 

w i l l  be r equ i r ed  by t h e  c e n t r a l  h e a t  pump. 

That is  

QL HRF = 
QH 

For t h e  s p e c i a l  ca se  HRFl = HRF2 = HRF: 

For o t h e r  l oads ,  t h e  n e t  energy (hea t )  added to o r  extracted from t h e  e f f l u e n t  

w i l l  depend on t h e  n e t  demand,(hea.ting + - coblit lg) of t h e  load from t h e  community. 

EXAMPLE: Consider t he  c a s e . o f  two h e a t  pumps whose COP'S a r e  t h e  same, t h a t  

is  2.96, and .E ,=  0.92, then.  

2.96 
HRFi = = 1.456 = HRF2 

2.96-.92, 



HRF = 1.456 

COP = 2.96, %%ling mode 2.04 
hea t ing  mode 

1 )  ()-H = 55,000 Btuh hea t ing  

2) QL = 25,943 Btuh cooling 

TOTAL CW = 31298 Btuh 

and hea t  de l ive red  ( i n  t h e  condenser) t o  space = 37613 x HRF2 = 55000 

To ta l  load  = 55000 + 25943 = 80943 

To ta l  CWc = 31,298 + 0.05 I W c  = . 32862 

8o 943 = 2.463 Net COP system = 32:862 



11.4.6 SIMULTANEOUS HEATING AND COOLING ANALYSIS 

The need f o r  s imultaneous hea t ing  and cool ing  w i l l  probably a r i s e  

dur ing  the  e a r l y  p a r t s  of Fa11 and spring'  seasons  when t h e  i n t e r n a l  h e a t  

ga ins  i n  some bu i ld ings  exceed the  h e a t  l o s s .  The t o t a l  energy r equ i r e -  

ments of HP-WHR system i n  such a s i t u a t i o n  w i l l  depend on the  d i s t r i b u t i o n  

of h e a t i n g  and cool ing  loads  and the  water  d i s t r i b u t i o n  system w i l l  have t o  

be designed t o  handle t he  s imultaneous d q a n d s  of hea t ing  and cooi ing  

loads .  

The energy requirements  of  t he  HP-WHR system can be  c a l c u l a t e d  -by 
. . 

END-USER END-USER 
assuming the.mode1 as shown i n  F igure  11--2. < 

REOUlRlNG S O L I N G  REQUIRING HEATING ,_- - _ _ _  - - - _ _ ,  - - - - -  --- - - -_  
I I I I 
I I 

CENTRAL STATION 

' COLD - - 
WASTEWATER 

4 THERMAL 

STORAGE 
wc 

MODEL FOR SIMLII-TANEOUE HEATING AND COOLING 
FIGURE 11-2 

I n  t h i s  system, t he  h e a t  r e j e c t e d  by t h e  h e a t  pumps a c t i n g  i n  t h e  cool ing  

mode C a n  be used a s  a h e a t  source  f o r  t h e  h e a t  pumps a c t i n g  i n  t h e  hea t ing  

mode, and the  n e t  e f f e c t  is  a r educ t ion  i n  t h e  work of t h e  compressor 

of t h e  c e n t r a l  u n i t .  A s  an example, l e t  QH and QL be the  hea t ing  and 

cool ing  loads  r e s p e c t i v e l y  .. . of  and i n  h e a t  pumps 1 and 2. Using t h e  equat ions  

i n  s e c t i o n  11.4.3, we have 

wcl = - QH 
end-user pump COP 



11.4 7  DISTRIBUTION SYSTEM LOSSES 

D i s t r i b u t i o n  l o s s e s  c o n s i s t  of p r e s s u r e  l o s s e s  due t o  f r i c t i o n  

i n  t h e  p ipe  l i n e s ,  thermal  l o s s e s  i n  p i p e s  and t h e  s t o r a g e .  S ince  t h e  

energy i n p u t  t o  overcome t h e s e  l o s s e s  i s  p a r t  of t h e  t o t a l  energy i.nput 

t o  t h e  system, t h e  o r d e r  of  magnitude of such l o s s e s  is  d iscussed  i n  

t h i s  s e c t i o n .  

F r i c t i o n a l  l o s s  i n  a p ipe :  

Fr i .c t$onal  1 o s s e s ' i n . a  p i p e  depend on t h e  diameter  of t h e  p ipe ,  

t h e  v e l o c i t y  of water  and t h e  roughness of p ipe .  For a v e l o c i t y  uf  i n  

t h e  range of  6 f t l s e c ,  and a  f r s c t i o n  f a c t o r  va lue  of  f  = 0.04, t h e  head 

l o s s  f o r  a 1000 f t .  l e n g t h  of p i p e  i s  given by 

It i s  common p r a c t i c e  t o  a l low a f r i c t i o n a l  l o s s  of about  25 f t .  pe r  

1000 f t .  l e n g t h  of p ipe .  

Pump work: 

The p r e s s u r e  drop due t o  flow of water  i n  t h e  condenser and.evapo- 
* 

r a t o r  tubes  i s  u s u a l l y  of  t h e  o rde r  of  1 2  f t .  t o  25 f t .  (Reference 5  & 7) .  

The work of  t he  pump W r equ i r ed  t o  overcome a  t o t a l  f r i c t i o n a l  

head l o s s  AH d i s t r i b u t i o n  p i p e l i n e ,  t h e  evapora tor  and t h e  condenser tubes 

f o r  a  mass r a t e  of flow of rh lbmlhr per  one end-user can be  es t imated  as 

fo l lows  : 

Where q i s  the  e f f i c i e n c y  of t h e  pump. I n  a d d i t i o n ,  i t  may b e n e c e s s a r y  
P  

t o  p r e s s u r i z e  t h e  water  f o r  d i s t r i b u t i o n  t o  r e s idences  a t  h igher  e l e v a t i o n s .  



lbm and a t o t a l  head l o s s  For a  mass rate of flow of 3832.75 - 
h r  

AH = (12 + 25 + 25 + 22) = 84 ' ,  t h e  work of t h e  pump assuming an  e f f i c i e n c y  

Btu 
of 50% becomes 827.6 - 

h r  
I n  t h e  sample c a l c u l a t i o n s  f o r  t h e  hea t ing  

mode t h e  pumping l o s s  is  shown t o  be  3.45% of t h e  energy inpu t  . ,  t o  t h e  

compressors. I n  o r d e r  t o  a l low f o r  unaccounted l o s s e s ,  t h e  thermal and 

d i s t r i b u t i o n  l o s s e s  a r e  assumed t o  be  5% of t h e  t o t a l  energy i n p u t  t o  t h e  

compressors i n  a l l  performance c a l c u l a t i o n s .  However, i n c r e a s i n g  t h e  

d i s t r i b u t i o n  l o s s e s  t o  10% would reduce t h e  system COP by about  4-5%. 

'The work r equ i r ed  t o  p r e s s u r i z e  t h e  water  by 100 p s i  and t h e  con- 

sequent  temperature  change i s  d iscussed  i n  Appendix D. 

Heat Loss and Temperature Drop i n  t h e  D i s t r i b u t i o n  Piping:  

The h e a t  l o s s  from p ipes  buried.  underground depends on t h e  thermal 

conduc t iv i t y  of t h e  s o i l ,  t h e  p ipe  s i z e  and m a t e r i a l ,  t h e  ground temper- 

a t u r e  and i n s i d e  water  flow cond i t i ons .  The thermal conduc t iv i t y  K of  t h e  

s o i l  v a r i e s  widely depending on whether t h e  s o i l  is  d ry  and sandy, w e t  and 

c l ay ,  e t c . ,  a n d ' h a s  t o  be  i n v e s t i g a t e d  f o r  t h e  p a r t i c u l a r  a r e a  under con- 

s i d e r a t i o n .  The thermal conduc t iv i t y  va lues  taken  from Reference 46 a r e  . 

.. . 

given i n  t h e  TABLE 11-1 a n d , a s s u g g e s t e d  by t h e  au tho r ,  t o  be  " 

used only  when .prec ise  d a t a  are unava i l ab l e  from a s i t e - s p e c i f i c  

  oil survey. 

Heat Loss from Pipe:  

The h e a t  l o s s  per  f o o t  l e n g t h  of bu r i ed  p ipe  i s  given by Reference 46 
. . 

and 7 is  used a s  a guide:  

Btu Q = K (T - Tg), - 
hr-f t. (11-21) 

P P 

Where 

Btu K = h e a t  t r a n s f e r  f a c t o r ,  
P hr.ft.!?F 



T = temperature  of f l u i d  ' i n  t he  p ipe  
P 

T = undis turbed  e a r t h  temperature  
g  

K i s  g iven  by 
P 

C = thermal  conductance of p i p e ,  ( Btu 
hr-f t zOF)  

When 

d = d i s t a n c e  of  ground s u r f a c e  LO e s n t e r  of p ipe  ( f t  .) 

r = o u t s i d e  r a d i u s . o f  p ipe ,  ( inches)  
0 

, K s  = thermal  conduc t iv i t y  of s o i l ,  Btu-inch 
(hr  . f  tz-OF) 

and 

Where 

r = i n s i d e  r a d i u s  of p ipe  ( f t )  
i 

~ t u - i n c h  KW = thermal  conduc t iv i t y  of p i p e  tz-OF 1 

hi = s u r f a c e  conductance a t  t h e  i n s i d e  s u r f a c e  
of p i p e  (water s i d e ) :  Btu 

(hr-f tz-OF 1. 

Addi t i ona l  thermal  r e s i s t a n c e  can be  added t o  t h e  p ipe  i f  i n s u l a t i o n  

is  used. . 

K f a c t o r s  can  be c a l c u l a t e d  f o r  va r ious  o t h e r  systems, such as two 
P 

p ipe  running i n  a tunne l ,  a  s i n g l e  p i p e  w i t h  d i f f e r e n t  k inds  of  i n s u l a t i o n s ,  

a r e  presen ted  i n  t h e  form of g raphs  in R u l e r e n c e  4 6 ,  Heat l o s s  f a c t o r s  can 

a l s o  be ob ta ined  from manufacturers .  

For t h e  ca se  of a s i n g l e  p l a s t i c  ba re  p i p e  (O.D.  = 12") ,  bur ied  

s i x  f e e t  deep i n  t h e  ground a t  55OF (medium d ry ,  sand and c l a y  s o i l ) ,  t h e  

K f a c t o r  was found t o  be 1.422. Th'e h e a t  l o s s  pe r  f o o t  l e n g t h  of p ipe  
P 



TABLE .11-1 

THERMAL CONDUCTIVITY QF SOIL 

Btu - i n  - 
ks* hr-f t ' - '~ 

Moisture Content 

Dry . 

Medium 

Wet 

Type S o i l  

Sandy . ' S i l t y  Clay 

2 1 1 

1 3  9 7 

1 5  1 5  1 5  

*These d a t a  a r e  approximate va lues  and should be used only when p r e c i s e  
d a t a  a r e  unavai lab le  from t h e  s i t e .  

SOURCE : Technical  du ide l ines  f o r  Energy Conservation, Nat ionaf Bureau o$ 
~ t a n d a r d s . ~ ~  



Btu f o r  water  a t  80°F was found t o  be 35.5 - . For dry' and sandy s o i l ,  
h r  . f t .  

Btu 
t h e  h e a t  l o s s  would be  9.5 - 

h r . f t  

Temperature drop i n  p i p e  l i n e s :  

Heat l o s s ,  Q = 6 Cpw(T2 - T1) 

Where 

6 is the  mass r a t e  of flow of water  and i s  given by 

= p n c t  

T1,T2 = i n l e t  and i n l e t  te l~lyaratures  of water  flowing i n s i d e  a  p ipe  CF) 

Ac = c r o s s  s e c t i o n a l  a r e a  of fluw. ( f t .  2, 
lbm 

p = d e n s i t y  of water :  (--3) - f  t 
f t  

V = v e l o c i t y  of water i n  p i p e ,  (-) h r  
Btu f o r  1 mile  l eng th  p ipe  and a  flow Using a  h e a t  l o s s  of (35.5 x 5280) - 

h r  

v e l o c i t y  of 6 f t l s e c ,  t h e  temperature drop (T -T ) i s  found t o  be l e s s  1 2  

than  a  degree. This w i l l  be o f f s e t  by the  temperature r i s e  due t o  pressur-  

i z a t i o n  i n  t he  p ipe  and f r i c t i o n a l  l o s s e s .  The temperature rise due t o  a 

p re s su re  i n c r e a s e  of 100 p s i  is  shown i n  t h e  s e c t i o n  on pump a n a l y s i s .  

Thermal . s to rage  : 

The s i z e  of t h e  thermal s t o r a g e  tank should have s u f f i c i e n t  capac i ty  

t o  main ta in  a  cons t an t  supply of water  f o r  s e v e r a l  hours .  It should have 

s u f f i c i e n t  t h i ckness  and should be  dimensioned f o r  minimum s u r f a c e  a r e a  t o  

minimize h e a t  l o s s e s .  The r a t e  of change of temperature o f  water  i n  t h e  

r e s e r v o i r  a t  any i n s t a n t  can be est imated by an energy ba lance .  F i g . ' l l - 3  

dE i( = 6 (h2-hl) + b - 
dO 

(11-25) 

Where 

E = the i n t e r n a l  energy of water  i n  t he  r e s e r v o i r  

= C (T) 
v 

(symbol legend cont 'd )  



O = time 

= r a t e  of h e a t  l o s s  from the  s t o r a g e  r e s e r v o i r  and 

Btu C = s p e c i f i c h e a t  of water  = 1.0  lbm-OR 
v 

. . 

T = temperature of water  

rh = m a s s  r a t e  of flow 

M = mass of water  i n  t h e  s t o r a g e  

i(h2-hl) = t o t a l  enthalpy change of water  e n t e r i n g  and l eav ing  the  
r e s e r v o i r .  

The volume of t h e  tank  conta in ing  say,  5 x l o 6  ga l lons  would be 

6.67 x l o 5  f t 3 .  For minimum s u r f a c e  a r e a s ,  t h e  diameter  and he igh t  would 

be : 

D = 94.7 f t .  = diameter  

L = 94.7 f t .  = he igh t  

The exposed s u r f a c e  a r e a  As = 35217.6 f t 2  

The e f f e c t  of t h e  h e a t  t r a n s f e r  Q on the  r a t e  of change of i n t e r n a l  

d E  
energy, can be s tud ied  by neg lec t ing  i(h2-hl) f o r  t h e  given i n s t a n t .  

Then 

Where 

T i s  the  temperature of surroundings 
0 

Assuming a "U" value  of 0.3 Btu 
hr . f  tG°F (based on i n s i d e  a r e a )  f o r  

wa l l  s t r u c t u r e  composed of t h i c k  concre te  and exposed t o  o u t s i d e  a i r  

temperature of OOF,  and i n ~ i d e  waLer temperature of 80°F, we have 

dT J! 
- = -0.0203 -, s i n c e  Cv = 1.0 
dO h r  



.This is  the  r a t e  of  change of temperature  of water  i n  t he  s t o r a g e  a t  

t h e  i n s t a n t  when i t s  temperature  is  80°F. This  a n a l y s i s  assumes t h a t  t he re  . 

a r e  no temperature  g r a d i e n t s  w i t h i n  t h e  r e s e r v o i r .  However, i n  t h e  a c t u a l  

system temperature  g r a d i e n t s  may e x i s t .  

BLOCK DIAGRAM FOR THERMAL STORAGE ANALYSIS 

FIGURE 11-3 



'1.4.8 HEAT PUMP FERFORMANCE DATA 

The discussion presented here i l l u s t r a t e s  the  procedure f o r  computing 

COP'S from the  information on ac tua l  heat  pumps given i n  References 5,6,7. 

The TABLES and f igures  f o r  the  performance of heat  pumps a r e  presented anly 

fo r  i l l u s t r a t i o n .  They do not cover the  f u l l  range of data  used i n  our 

calcula t ions  . 
END-USER HEAT PUMPS - ac tua l  performance data  on water-to-air end-user 

heat  pump is obtained from the information given i n  Reference4 5 and 7 i n  

which the  parameters such as heating capacity, cooling capacity, COP and 

EER a r e  re la ted  t o  the  enter ing water temperature by means of equations. 

Values of heating capacity and COP obtained by the use of these 

equations a r e  shown i n  Figures lb4 and 1b5. The COP values used f o r  the  

cooling mode of the  heat  pump were converted from EER values given i n  Ref- 

erences 6 and 7. 

CENTRAL CHILLER - the  performance of the cen t ra l  c h i l l e r  is given by the 

r e l a t i on  (Reference 5) 

X of nominal power input = 916.347 + 0.532633 (X) - 0.000559686 (x') + 
0.0000230630 (x3) 

- 32.7860 (LCWT) + 0.378447 (LCWT~) - 0.00142857 (LCWT~) 

+1092.31 + 2[171,02 
LEWT L E W T ~  

Where: 

X = X of f u l l  load 

LCWT = leaving condenser water temperature (OF) 
LEWT = leaving evaporator temperature (OF) 

which permits us t o  f ind the  COP of the  c h i l l e r  f o r  various values of 

temperatures of water o r  e f f luen t  entering and leaving the  cen t r a l  c h i l l e r .  
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The COP of the chiller for a given set of Water temperatures other than 

the rated conditions is given by 

COP - - 
Copnominal (11-28) chiller % nominal work input expressed as a decimal 

The COP chiller found for the given temperatures of water, is related 

to the COP heat pump by equation ,11-6 given in section 11.4.3. The 

COP value, found by using equation 11-28 were reduced to allow for the 

fouling tactars. Information on fouling factor correction presented in 

Reference 5 was used as a guide for this correction. The corrected values 

of COP used in our calculations were found by 

COP = COP x : -F 
(corrected) chiller or 

heat pump 

Where F = fouling correction factor; a value of 0.931 for F was assumed 

in one calculation. 

TABLES 11-2.and 11-3are included to indicate the values of COP for 

representative water temperatures ranges. 

Air-to-air heat pumps - The COP and EER values were computed using the 
information given i~ Reference 6. The computed values of the COP'S for 

air-to-air heat pumps for various outside air temperatures are listed in 

Chapter 3. For the purposes of illustration, a typical air-to-air 

heat pump cycle is pictured in Figure 11-6. 



LCWT 

90°F 

80°F 

70°F 

TABLE .11-2 

CENTRAL CHILLER 

LEWT 
COP 

( C h i l l e r )  * 

LCWT = Leaving condenser  w a t e r  t empera tu re  

LEWT = Leaving e v a p o r a t o r  w a t e r  t empera tu re  

*COP of C h i l l e r  f o r  Cor rec ted  f o r  Fou l ing  F a c t o r s  



LCWT 

80°F 

80 OF 

80°F 

80 " F 

TABLE 11-3 

CENTRAL HEAT PUMP 

LEWT 

40°F 

LCWT = Leaving condenser water temperature  

LEWT = Leaving evapora tor  water  temperature  

*COP of Heat Pump Corrected f o r  Fouling Fac to r s  

COP 
(Heat Pump ) * 



COMPRESSOR 

EXPANSION 

RECIRCULATED 1 

I N D O O ~ C O N D E N S E R  

AIR-TO-AIR HEAT PUMP 

FIGURE 11-6 

11.4.9 SITE-SPECIFIC SYSTEM DESIGNS 

Calcu la t ions :  Var iab le  Pump Work 

The d i s t r i b u t i o n  p ip ing  and pump system a r e  designed and s p e c i f i e d  on t h e  

b a s i s  t h a t  a r e l a t i v e l y  cons t an t  head w i l l  be maintained on t h e  system and flow 

w i l l  va ry  according t o  l oad .  Pump work r equ i r ed  w i l l  t h e r e f o r e  a l s o  vary  w i th  

load .  The governing equa t ion  which c a l c u l a t e s  puslp work as a funcLlon of flow 

is  developed below: 

System Pumping Coe f f i c i en t  

HEAD (f t )  = Cv (GPMpeak) 



Pump Work ( E l e c t r i c a l )  

3  Lbm 
C (GPM) (8.33 7) v 

= [ s e c  
1 x 'h rs :  

FT-Lbf 
(60 (738 sec-kw) ('pump) ('motor 1 

Assuming n - - - 6 5  and smo tor = .80, t h e  equat ion  becomes: 
Pump 

v  w .  = [ 
(60) (738) ( .65) ( .80) 

1 x h r s  
e 

= (3.618 x (cv) (GPM) ( h r s )  

1 n . o r d e r  t o  s imu la t e  i n  t he  c a l c u l a t i o n a l  procedure t h e  monthly load - 
v a r i a t i o n s  r ep re sen ted  by t h e  hea t ing  and cool ing  load du ra t ion  curves,  a  per- 

cen tage  load  f a c t o r  can b e ' i n s e r t e d i n  conjunct ion wi th  t h e  flow f a c t o r  ( a s  

shown below), and t h e  hours  a t  a  par t icu1a.r  percent  of peak load can then be 

considered.  

(3.618 x ( C  ) (LOAD FACTOR X GPMpeak) (hrs ) 
v 

For p a r t i c u l a r  system a p p l i c a t i o n s ,  system pumping c o e f f i c i e n t s  and peak 

f lows can be i n s e r t e d  i n  t h e  gene ra l  equat ion ,  and t h e  s i m p l i f i e d  equat ion  

then  has only percent  of peak load v s .  time t o  cons ider  a s " v a r i a b 1 e s .  F i n a l l y ,  

t h e  app ropr i a t e  hea t ing  o r  cool ing  l o a d ' d u r a t i o n  curves c a n . b e  broken down 

i n t o  percent  and time f a c t o r s  by the  f i n i t e  i n t e g r a l  technique and. i npu t  i n t o  

t h e  equat ion.  The sum of a l l  i n t e g r a l s  under t he  curve g ives  t h e ' t o t a l  pump 

work requi red  f o r  any p a r t i c u l a r  per iod .  



CONYERS HP-WHR SYSTEM 

PUMP HEAD - 500 FT. 

PEAK COOLING FLOW - 2618 GPM 

. . 

PEAK HEATING FLOW - 1202 GPM 

COOLING: We 
3 

= (3.618 x (7.295 x (L .I?. x 2618) h r s  

= 473.55 (L.F.)' h r s  

HEATING: , We 
3 

= (3.618 x (7.295 x (L.F. x 1202) h r s  

3 
= 45.83 (L.F.) h r s  

CORNELIA HP-WHR SYSTEM 

PUMP HEAD - 325 FT. 

PEAK COOLING FLOW - 4309 GPM 

PEAK HEATING FLOW - 1954 GPM 

COOLING : We = (3.618 x (1.7504 x (L.F. x 4 3 ~ 9 ) ~  h r s  

3 
= 506.64 (L.F.) h r s  

HEATING : We 
3 

= (3.618 x (1.7504 x (L.F. x 1954) h r s  

3 
47.24 (L.F.) h r s  

I n  o rde r  t o  reduce t h e  monthly hea t ing  and cool ing  load  d u r a t i o n  curves 

i n t o  a , d a t a  set  which could be  i n p u t  i n t o  t he  pump work equa t ions ,  t h e  b i n  



method o f . d a t a  reduct ion  was employed. Peak hea t ing  load was assumed t o  o c c u ~  

a t  t h e  99% design temperature and peak cool ing  a t  t he  2% design temperature.  

0 
Bins were def ined  i n  5 F  increments from t h e  des ign  temperature t o  t h e  appro- 

p r i a t e  datum ( 6 5 ' ~  f o r  h e a t i n g  and 7 5 ' ~  f o r  coo l ing ) ,  and the  midpoint tem- 

p e r a t u r e  f o r  each b i n  was ass igned  a  p e r c e n t y o £  peak load  f i g u r e .  Duration ,. 

a t  each average load  l e v e l  was then i n t e r p o l a t e d  from t h e  load du ra t ion  curve. 

The d a t a  poin ' ts ,  then i n  t h e  proper  form f o r  u se  i n  t he  pump,work equat ions ,  

were i n s ~ r t e d  i n  t h e  app ropr i a t e  heaLing o r  conl.ing equat ion  and t h e  work ca l -  

c u l a  t i o n  performed . 
Severa l  assumptions were necessary concerning system opera t ion .  

During t h e  hea t ing  season, i f  t h e  es t imated  hea t ing  load dropped 

below 34%, t h e  r equ i r ed  pump work dur ing  t h a t  per iod was assumed t o  

remain cons t an t  a t  t h e  34% l e v e l ,  r ep re sen t ing  t h e  work requirements 

t o  main ta in  the  system minimum flow. Operat ion dur ing  per iods  of 

marginal  or no load was a l s o  assumed t o  be a t  t h e  34% load l e v e l  

f o r  t h e  same reason.  

During t h e  cool ing  season,  i f  t h e  es t imated  cool ing  load dropped ~ 

below l o % ,  , t h e  r equ i r ed  pump work was assumed t o  remain cons tan t  

a t  t he  10% l e v e l  t o  account f o r  t he  minimum flow pump work. Like- 

wise,  ope ra t ion  dur ing  per iods  of marginal  o r  no cool ing  load was 

assumed t o  be a t  t he  10% load i e v e l .  

During per iods  r e q u i r i n g  both hea t ing  and cool ing ,  hea t ing  loads  

. above t h e  34% l e v e l  were accounted f o r  i n  t h e  normal manner. Heat- 

i ng  loads  of 1-34% were assumed t o  be met wi th  opera t ion  a t  t he  

34% load l e v e l .  Cooling loads  of 10% and up were a l s o  accounteq 

f o r  a s  explained above. However, cool ing  loads  of 1-10% and per iods  



with no apparant heating or cooling load were assumed to require 

system operation at the 10% cooling load levels. 

The results of the assessment of distribution pump power requirements are 

summarized in Appendices C and D. 
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TABLE A-1  . 

WEATHER DATA FOR TEST C I T I E S  

WEATHER DATA USED I N  THIS STUDY ASHRAN 
Heat 1 ng 
Degree D a s  

Representatl ve 
Heat lng Degree 
Day Ranqe 

Heating Cool l ng Year o f  
Degree Days . Deqree Days Weather Data 

1290 2339 . 1955 

Deviation 
Level 

3% Houston 

Tulsa 
W 

Phi lade1 phis 

Seatt le 

Co 1 umbus 

Cleveland 

Concord 7 383 7000 - 8000 7377 35 9 1964 10%' 
. . 

l a )  Heating degree days from - ASHRAE 1973 Systems Handbook. Chapter 43. 

SOURCE: "HEAT PUMP TECHNOLOGY, GORDIAN ASSOCIATES ( 19781~9 



Houston 

Bf rmf ngham 

Atlanta 

Tul %a 

Phf l r d t l p h t r  

Seatt le 

Col mbus 

Cleveland 

C o m d  

MOUNTAINSIDE COMMERCIAL BUILD1 NG HEAT1 NG AND COOLING DESIGN LOADS 

Hea t lnq  Con1 I no 

9743 Design Dry Deslgn 24% Deslgn Dry 2%'Design Wet Deslgn Senslble Desfgn Total 
Bulb Jemperature Heat Load Bulb Temperature Bulb Tempera t u r t  Cool I n  Load 

( B t i P  
Cool ing Load 

( F )  ( 8 tuh! (OF ) (OF ) ( Btuh) 

SOURCE: "HEAT PUMP TECHNOLOGY, " GORDIAN ASSOCIATES (1978)lO 



TEST HOUSE 
DESIGN TEMPERATURES-AND HEAT LOAD FOR 

HEATING AND COOLING EQUIPMENT- 

HEATING 
97-1 12% 
DESIGN DESIGN 

DRY BULB HEAT LOAD 
TEMPERATURE (BTUH) 

Houston - 32 27,030 

BI ml ngham 22 33.91 5 

Atlanta 2 3 33,288 

Tul sa 16 37,671 

Phlladelphla C 
C 

15 38,242 . 

Seatt le  3 2 27,621 

Cbl umbus 7 42.91 3 

C l  eve1 and 7 42.91 3 

COOL 1 NG 
2-1 /2% 2-1/2% 
DESIGN DESIGN DESIGN 'SENSIBLE DESIGN TOTAL ' 

DRY BULB WET BULB . COOLING LOAD COOLING LOAD 
TEMPERATURE TEMPERATURE ( B W H ]  (BTUH) 

Concord - 7 ,  52,088 88 

SOURCE : "HEAT PUMP TECHNOLOGY, " GORDIAN ASSOCIATES ( 1978 ) lo 



MOUNTAINS ID€ COMMERCIAL BUILDING GENERAL CHARACTERISTICS 

Bul ldlng Sty le  

Gross Floor. Area 

T ~ O  stor les,  masonry construction 

5580 square f e e t  

Exposure Front o f  bu i l d ing  faces nor th  

Occupancy 40 persons (maxfmum) 

L lght lng and Equipment Baseload : 14 KY (maximum) 

Constructlon Walls 

Roof 

Wlndows and Doors 

Floor Slab 

Cel l1 ngs 

Stucco surface over 12" concrete 
blocks (388 l l g h t ,  f l l l e d ) ,  1-1/4" 
furring (16" on centers) and 1/2" 
styrofoam. Inside surface I s  1/2" 
gypsum board. Net wal l  area: 4724 
square feet. 

3/8" asphalt b u l l t  up roof over 1/2" 
plyscore sheathlng, 2'' x 10" r a f t e r s  

I 16" on centers), f lberg lass lnsu la t lon  
6") above 1/2" acoustical t i l e .  

Roof area: 2790 square feet. 

safety glass, 112" double glazed. 
Total glass area: 732 square feet. 

Concrete dlab, on grade, 24" l nsu la t l on  

Hung c e l l  l ng  between f l oo rs  ca r r f  es 
ducts and e l e c t r l s  and water servlces. 
Ce l l lng  helght I s  11 fee t  f o r  each f l o o r  

Center staircase located j u s t  lns lde  
f r o n t  entrance, double back deslgn 
w l  t h  turnaround landing. 



TEST HOUSE GENERAL CHARACTERISTICS 

House Sty le  Two s t o r i e s ,  wood frame, 2 c a r  garage 

Living Area 1850 sq. ft. (excluding basement). 

Room Complement 
F i r s t  Floor Foyer, l iv lng  room, dining room, family roan, 

ki tchen , powder room. 

Second Floor Master bedroom, la rge  bedroom, 2 small bedmans, 
2 baths. 

Exposure Front of house faces north. 

Exterior Surface Aluminum siding. 

Doors One - wood panel construction. 

Roof Black asphalt  shlngles over bulldlng paper and 
5/8" plywood deck. 

Glass Areas 1 6  glass areas,  Including patio s l i d i n g  door. (For 
t o t a l  glass  area see bldg. plans.) All windows a r e  
a1 uminum cased, double hung,  weather s t r ipped,  
double pave Insulat i  ng glass .  Basement windows 
( 2 )  a r e  s ingle  glazed, 1/8" sheet glass.  

Basement 
Walls 

Floor 

'1 1 course, 8 Inch concrete block 

4 Inch concrete s l ab  over 4 Inch grave1 bed, 
662 sq. ft. 

Crawl Space 4 Inch grave1 bed over p l a s t i c  vapor barr ler .  



TABLE A - 4  

ling sewer ryrren I and r e w o ~ e  d u p o d  by pop& ion mroupr, starer. and drainage h i m  

S.p... U 

N u o -  Poplbl iua -T Po~uunom S a m  
C-n 

. U n d s  500 ....................... 1.975 603.814 
500-1.000 ........................ 1.1Pf 1.818.753 
1.000-S.W. ..................... 5.666 11.31.8)3 
1.000-lo. 000 ..................... 1.S73 9.570.149 
10,ooc-U.000.. .................. 1 . W  IS.YY.150 

lo-. 
Kanu. .......................... 
Krmtwk, ........................ 
Lou-" ........................ 
Y a i r . .  ......................... 

Y"... ...................... 564 
Y r l u  ........................ I16 . . . . . . . . . . . . . . . . . . . . . . .  I 
N".L.. ........................ 

. N- Ha". ................. 
I" km.. ............. .. .... 
NI- Mexice.. ................... 
N e r  York. ...................... 
N m b  C.mlilu.. ................. 381 
Nonh D.bm... .................. 
Obb ............................ 60P 
OkI.hos.. ...................... 374 
(he~nm .......................... I76 
Plnn.).lrmmi. ..................... 746 
Pucnn Rice ...................... 98 
Rhnde I s b d  ..................... 22 
h l h  C.mlim.. ................. 261 
Savth Dmko~m .................... m 7  
T e n n a  ........................ 213 

............... ....... U1.b .... 
...................... Vn-I.. 

......................... Vir #in* 
................... Virgin Iol.nd.. 

.................... V..hingtoll.. 
.'a1 Vi..inL. ................... 

................ .. Vhm.in.. ... 
............... ..... Vro-lng. .. 

L k o  Eli0 ....................... 
IIP, M i r i r i p E !  ................ 
. Ie.tnn Cn.8 k a  .............. 
M i a d  Ri... ................... 
Southrosa-Lorn M i d r i p p i . .  .... 
Gbrado Ri.n ................... 
8'1.nnn Gulf. .................... 
Pu iF r  N m h - m  ................. 
Gl i furs*.  ....................... 
Cm.1 8 . h  ...................... 
AbA. 
H... ii. ......................... 
Purrlo Rice.. .................... 
Vi.in l.l.nd*. . . ............... 31,768 

To1.1.. ................... 

NOTE: Tota1'U.S.  P o p u l a t i o n  i n  1967 - 197,000,000 ( E s t . )  

SOURCE: Munic ipa l  Waste F a c i l i t i e s  - S t a t i s t i c a l  Summary, 1968 1 n v e n t o r ~ G 1  



TABLE A-5  

Table 11. Population served by seuars and sewage treatment-by geographical arrns 

hls inr.  Sr*. Hrml,rhire. Vrrrn,,vnt. Slea~rt~huretts. Hhvnl. Iulsnd. G,nnrrtirut. 
8 Sex- I'ork. \e*. Jrr*ey. Pcnn*)-Itanin. 
8 Drlawurc. h lsry ls~td.  U ~ * t r i v t  <,I Culo~mtriu. Virginia. Ucat Virginia. Xor th  Carolin.. Suutb Grol ina.  

Ccnrzir. Fltsrida. 
4 Ohio. Indians. Illina,i*. hlirhiprn. P iwonmin. 
* Krn ta~rky .  Tcnnrl*ee. Alabanw. .\li~sim*ipl,i. 

hlinnra,ta. I c ~ r r .  blia*,uri. Snrth UaLcntr. South Dakota. Seb!s.ka. Kaneas. 
1 Arkansas. Lt,uiei.na. Ok!ahoma. T e ~ a * .  
1 blutttsna. Idahu. U'yomtne. Colorado. Sex- >lcxico. Arizona. Utah. Scrada. 
* Uaahin'ton. Oregon. Califurnia. 

Ceomaphic areaa 

. . . . . . .  h e *  England I . .  
hlidallc Atlantic :. . . . . . . . . .  

. . . . . . . . .  South At l rn t i r  '. 
E a t  h I . . .  

. . . .  East S tu t l l  Central '. 

. . . . .  U'eat Surth Central a 
.... Ucs t  South G n t r u l  7 . .  

. . . . . . . . . . . . . .  Mountain 3 
Pacific g . . . . .  . . . . . . . . . . .  
Aladka. Hawaii. Purr lo 

Riear r n d  Virgtn lalandn.. 

. . . . . . . . .  Tutal .  
-. 

Table 13. Percentage data lor sewer svstenu and raw and treated discharge- 
by population groups 

lW rennun 
pnpulatia,n 
o f  wwrrcd 

communitie* 

R.Qi(i.31R 
28.823.298 
13.167.414 
2h. l3h.<77 
5.660.880 

10.23;..52H 
I l . 6 l 8 . 8 I 2  
4.624.927 

13,075,283 

1.522.064 

123.848.107 

Population u r v e d  by  facilitica i n  population mixe group# ahown. 

Estimated 
population 
connected 
to mc-erm 

6.918.10.5 
31,lhU. 141 91.9 8 . 1  
1.5.1l16.091 94.b 5 . 4  
20.475. lhU 112 A 98.4 I . b  
6.315.1.50 111 h 83.0 17.0 

10.31fi..iM 100 8 8 .  13.9 
13.282.713 114 3 7.6 
6.242.9:3 135.0 00 1 .9 

19,979.347 . b 

1.419.598 93.3 60.6 39.4 -- 
140:226.~19 113.2 6 .8  

SOURCE: Munic ipa l  Waste ~ a c i l i t i e s  - S t a t i s t i c a l  Summary-, 1968 

I n v e n t o r y .  4 1 

Population 
ai;e n o u p .  

C'ada 500.. . . . . . . . . .  
S~1.(KWo0, . . . . . . . . . .  
l.oo(~5.000 . . . . . . . . . .  
S.OM10.000 . . . . . . . . .  
10.000-25.000. . . . . . . .  

25.0-50.000. . . . . . . .  
SO.OM100.000. . . . . . .  
100.W250.000. . . . . .  
2j0.00O-500.000.. . . . .  
ha 500.000. . . . . . . . .  

Total . . . . . . . . .  

Percent 
of ~ n t a l  

n u m h r  o f  . 
treatment 

plant# 

13.7 
16.4 . 
39.7 
11.4 
9.3 . 

3.8 
2 .1  
1.8 
1 .2  

.6 

100.0 

Percent 
of total 

number of 
wrered  

ro~nmuni -  
tie. 

. . 

13.9 
17.5 
41.6 
11.7 
9.3 

3 .3  
1 .6  

.7 

.3 

.2 

100.0 

Pvcent of cola1 population connected- Percent 
o f  I%O 
cenaua 
y p u l r .  
toon o f  

r r e r e d  
commun~- 

t i w  

. 5 
1.4 

10.2 
8 . 6  

14.8 

11.7 
11.3 
9 . 8  

10.4 
21.3 

100.0 

T o  u w a ~ e  
treatment. 
faciliticr 

.5. 
1 .2 
8 . 6  
6.8 

11.1 

9.2 
9.7 

10.3 
9 . 2  

. 33.4 

100.0 

T o  u r e r  
ayatema 

. S  
I .4 
9.6 
7 .9  

13.8 

11.3 
11 .5 
9 . 7  

11 .! 
22.8 

100.0 

T o  raw dia. 
charge or 
trcatmrnt 
facilitiaa I 

------- 
.5 

1.3 
8.8 
6.8 

11.1 

9.1 
9.6 

10.6 
9 .7  

32.6 ------- 
100.0 

T o  raw 
mewate 

dicharcc 
facilities 

. .8 
2.4 

12.5 
7.1 

10.9 

6 .7  
7.8 

14.1 
17.0 
20.7 

100.0 





APPENDIX B 

The following calculations were made to determine the annual 

energy inputs of the Central Plant and End User Schemes for the HP-WHR 

scheme. 

Basic A s s ~ ~ D ~ ~ o ~ s  

Northern Climate 

No. of End-Users -- 470 

Annual H.V.A.C. Load Requirements Per End-User 

6 Heating -- 105.47 x lo6 Btu/Yr 
Cooling -- .18.96 x 10 ~tu/Yr 

Southern Climate 

No. of End-Users -- 980 

Annual H.V.A.C. Load Requirements Per End-User 

6 
Heating -- 37.92'~ lo6 ~tu/Yr 
Cooling -- 45.03 x 10 ~tu/Yr 

Northern Climate 

Heating 

( 1  Total heat required by end users = 470 x 105.5 x lo6 = 4.96 x 10'~ BtuIYr . 

10 1 
(2 )  Energy from distribution system = 4.96 x 10 x (1 - - 

3.03) = 

3.32 x 10" Bti/~r 

10 9 (3) Energy input to central heat pump = 3.32 x 10 16.99 = 4.75 x 10 Btu/Yr 

9 
(4) Kwh input to central heat pump = 4.75 x 10.13413 = 1,392,905 kwh/Yr 

(5) Central heat pump equivalent full load hours = 

10 1 
3.32 x 10 x (1 - -)I12 x lo6 = 2370 hrlYr 



Northern Climate (Continued) 

Cooling 

(1) T o t a l ' h e a t  r e j e c t i o n  t o  d i s t r i b u t i o n  by end-users = 

1 0  9 
(2) Energy inpu t  t o  c e n t r a l  h e a t  pump = 1.17 x 1 0  15.42 = 2.16 x ' 1 0  Btu/Yr 

9 
(3) Kwh i n p u t  t o  c e n t r a l  hea t  pump = 2.16 x 1 0  13413 = 632,485 k w h / ~ r  

(4) Cen t r a l  h e a t  pump equ iva l en t  f u l l  load  hours = 

1 0  
1.17 x 1 0  I12 x l o 6  = 975 hr1Yr 

Southern Climate 

Heating . 

(1) T o t a l  hea t  r equ i r ed  by end-users = 980 x 37.92 x l o 6  = 3.72 x 1 0  10  

(2) Energy from d i s t r i b u t i o n  system = 3.72 x 10'' x  ( 1  - I) = 2.49 x 10  lii 
3.03 

9 
(3)  Energy inpu t  t o  c e n t r a l  hea t  pump = 2.49 x 1 0 ~ ~ 1 6 . 9 9  = 3.56 x 1 0  Btu/Yr 

9 
(4) Kw i npu t  t o  c e n t r a l  hea t  pump = 3.56 x 10  13413 = 1,043,500 k w h l ~ r  

(5)  Cen t r a l  hea t  pump equ iva l en t  f u l l  load  hours  = 

1 0  1 
2.49 x 1 0  x ( 1  - 1 / 1 2  x l o 6  = 1778 hr/Yr 6.99 

Cooling 

(1) To ta l  hea t  r e j e c t i o n  t o  d i s t r i b u t i o n  by end-uucrs - 

(2) Energy inpu t  t o  c e n t r a l  hea t  pump = 5.8 x 1 0 ~ ~ 1 5 . 4 2  = 1.07 x 10'~ Btu/Yr 

10  
(3) Kwh inpu t  t o  c e n t r a l  hea t  pump = 1.07 x 1 0  I3413 = 3,131,062 kwh/Yr 

(4) Cen t r a l  h e a t  pump equ iva l en t  f u l l  load  hours = 



Circulating Pumps 

Assume circulating pumps run 

20 percent more hours than the central heat pump equivalent 
full load hours. 

Northern Climate 

1.2 x (2370 + 975) x 75 hp x ,745 kwh/hp = 224,282 kwh/~r 

Southern Climate. 

'1.2 x (1775 + 4833) x 75 hp x .745 kwh/hp - 534,996 kwhl~r 
Distribution Pumps 

Assume dis.tribution pumps consume the same proportion of energy annually 
as. they do at full load. 

Northern Climate - 6% 
Southern Climate - 5% 
(1) Northern Climate Pumping Energy = 

6 6 470 x (105.5 x 10 + 18.9 x 10 ) x .06/3413 = 1,027,858 kwh/Yr 

(2) Southern Climate Pumping Energy 

6 6 
980 x (37.9 x 10 + 45.03 x 10 ) x .05/3413 = 1,190,615 kwh/~r 

Miscellaneous 

Auxiliary equipment such as controls, security lighting, etc., is 

estimated to consume an additional 12,000 kwh annually. 
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CONYERS HP-WHR SYSTEM 
COMPUTER PRINTOUT 

THERMAL LOAD ASSESSMENT 
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.. . CONYERS HP-WHR SYSTEM . . . .  . . 

TYPE FEB HA R APR ??! ?.A$ 4 .ems . J U N  ?ti  , $ 6  . I .  ,N,O,Y $52 , .... 
, . . . . .  e440. . l -- --.---.--p 

RES 6.780' 5.430 4.290 1.380 . a270 0.000 a1000 0.000 . a090 1.320 3.960 6.480 

. . 
COOLING DATA 4 * .--____. .---- ...... -. . . . . . . . . .  . -  ..._-.-. .-.-I ..... :- . ..-. ........._. . ....- tr*r*4,*4*4,*~*4+r**44' *,?@.. ..-..... -.- .,;,- ........ - .... ..-...--....... '. -.--.. ............. -. . J  . . 

, .: , , . . .  . . . . . . . . 
TYPE . JAN ; MAR . .  APRs ' , HAY ....... , . . .  , . . .  4.9, ,, , >  . . 449 Cf O 4 4  

JUN ' JUL ' AUG SEP . . $$; ..a NOV . . E f t '  , 

- - - -  . . 4 . . * C *  . .  ; ..*. ; ..:-.3d*? . 7.4 , , . -- 
. . ' I  

RES ' 8.000 0.000 . i r t o '  . 3 4 0 .  1e94O + . o b o '  5.080 r .880 . z.a6o\ .7zo O..OOO 0.0011 
... __._ __-__._ _.._ _._ .(____ .........-........ _- -.._--. ........ . . .  ..... ,--. ,-.- _,__ # ... ._... . .. . . . . . . . . . . . .  ..... ... .. . . , .. . . , . -'-"-I-'-. -, -. ,' '. -.'. .<'.". .-..--..-- 

. . 1  . 
. 

1 .  

*'(Btu x 103/sq.  ft.) ' .  
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CONYERS HP-WHR SYSTEM PERFORMANCE.ANALYSIS 

1. Heating and coo l ing  loads  a r e  determined from computerized load  e s t i m a t e s .  

2. Heat t o  d i s t r i b u t i o n  system (HDS) 
(assume End-User Heating C.O.P. = 2.9) 

1 - 
HDS = Monthly Heat R.equired x (1- 2.9) 

3. Heat r equ i r ed  from sewage e f f l u e n t  (HSE) 
(assume End-User Cooling C.O.P. = 2.5) 

Cent. Heat Pump C.O.P. = 4.5 

1 - 
HSE = (HDS - 1.4  [Cooling Requ i r ed ] ) ( l -  4.5) 

4. Heat d i s s i p a t e d  a t  cool ing  tower (HDCT) 
(assume End-User Cooling C.O.P. = 2.5) 

Heating C.O.P. = 2.9 

HDCT = .1 .4  (Cooling Required) - HDS 

5.  C i r c u l a t i n g  pump energy consumption 
(assume 30 pe rcen t  e x t r a  consumption) 

HSE + HDCT] x 90f t .  1 . 3 x [  10  
KWH = 

.65 ( e f f i c i e n c y )  x (2.65 x l o b £  t-lb/KWH) 

6. Sewage pump energy consumption 
(assume 1 0  pe rcen t  e x t r a  consumption) 

HSE. 
1.1 x [XI x 6Uft.  

KWH = .65 ( e f f i c i e n c y )  x (2.65 x lUbf t-lb/KWH-) 

7. D i s t r i b u t i o n  pump energy consumption 

HDS + 1 .4  (cool ing  r equ i r ed )  
[ - ~ n  ] x 500f t .  

I U  
KWH = .65 ( e f f i c i e n c y )  x (2.65 x 10bft-lb/KWH 1. 

8. Cooling tower energy consumption 

HDCT x .8 W / H P  x 30 HP 
KWH = 5.558 x l o b  ~ t u / ~ r  



9. Central heat pump energy consumption (C.O.P. = 4.5) 



CONYERS HP-WHR SYSTEM 
DISTRIBUTION PUMP POWER REQUIREMENTS 

COOLING HEATING 
+ ,  ! 

MONTH - HRS - KWH HRS KWH - - 

JAN 

FEB 

MARCH 

APRIL 

MAY 

JUNE 

JULY 

AUG . 
SEPT. 

OCT . 2 76 668.78' 468 . 1321.16 

NOV . --- --- 7 20 3779.37 

DEC . --- --- 744 7662.. 83 

TOTALS 3765 HRS 105,959.23 KWH 4995 HR.5 . 35,097.57 KWH 

TOTAL KWH REQUIREMENT - 141,056.80 KWH 



CONYERS HP-WHR SYSTEM 
MONTHLY PERFORMANCE ANALYSIS 

JAN. 

FEB . 
MARCH 

APRIL 

MAY 

JUNE 

JULY 

AUG . 
SEPT. 

OCT . 
W 
CI\ NOV.  
03 

. DEC . 

HEATING 
LOADg 
X 10 

2.915 

2.335 

1.845 

.593 

.I16 

0 

0 

0 

.039 

.568 

1.703 

2.786. 

COOLING 
LOADg 
X 10 

0 

0 ' 

.060 

.146 

.834 

1.737 

2.184 

2.098 

1.230, 

.310 

0 

0 

H E A P  HEAP . 
FROM TO 

SEWAGE DIST. SYS. 

1.485 1.909 

1.189 1.529 

1.125 1.209 

.184 : .388 

0 .076 

0 0 

0 0 

0 0 

0 0 

0 .372 

.868 1.116 

1.419 1;825 

HEAP 
DISS. @ 

COOLING TOWER 

0 .  

0 

0 

0 

1.092 

2.432 

3.058 

2.937 

1.722 

.062 

0 

0 

CENT. H.P. 
KWH 

96,689 

77,416 

73,249 

11,980 

0 

0 

0 

0 

0 

0 

56,516 

92,392 

DIST. 
PUMP 
KWH 

9,708 

6,016 

4,350 

2,532 

7,958 

16,071 

22,260 

46,930 

11,799 

1,990 

3,779 

7,663 -. 

C I R  . 
PUMP 
KWH 

12,325 

9,868 

9,338 

1,526 

7,417 

16,519 

20,771 

19,948 

11,696 

421 

7,205 

11,778 

SEWAGE 
PIMP 
KWH 

5,689 

4,556 

4,310 

704 

0 

0 

0 

0 

0 

0 

3,325 

5.427 

COOLING 
TOWER 
Kk'H 

0 

0 

0 

0 

4,715 

10,502 

13,205 

12,682 

7,435 

268 

0 

0 

NISC. TOTAL 
AUX. CENT. PL. 

KWH' KWH 

1,000 '125,411 

1,000 98,856 

1,000 92,247 

1,000 17,742 

1,000 21,090 

1.000 44,092 

1.000 '. 57,236 

1,000 80,560 

1,000 31,930 

1,000 . 3,679 

1,000 71,825 

1,000 118,260 

0 END 
USER 
KWH 

294,512 

235,913 

193,439 

77,024 

109,464 

203,574 

255,962 

,245,883 

148,095 

93,719 

172,060 

281,479 

TOTAL 
SYSTEM SYSTEM 

KWH C.O.P. 

419,923 1.034 

334,769 2.044 

285,686 1.954 

94,766 2.285 . 

130,554 2.132 

247,666 2.055 . 

313,198 2.043 

326,443 1.883 

180,025 2.065 

97,398 2.641 

243,885 2:046 

399,739 2.042 . 

POWER REQUIREXENTS : 

PERCENT OF CENTRAL PLANT - 53.5 18.5 16.9 3 . 1  6.4 1.6 

PERCENT OF SYSTEM - 13.3 4.6 4.2 0.8 1.6 0.4 

Q B t u  X 10 
9 

a END-USERS: 
HTG C,O.P. = 2.91 
CLG C.O.P. = 2.53 



CONYERS HP-WHR SYSTEM 
CONSTRUCTION COST ESTIMATES 
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@?& ' ' ENGINEERING EXPERIMENT STaTiON 
GEORGIA INSTITUTE OF TECHNOLOGY ATLANTA. GEORGIA 30332 

TOTAT,S 

+ 8% Overhead .- ".. . 

+ 8% Profit 

+ 6Z EngiuxxI61~ Fee 

. . GRAND TOTAL 

- 

- 

-, 

- 

- 

_ _ _ _ _ . . _ _ _ _ _ _ _ - .  

-- - - - - 

- - 

.--.,.- 

. -- . . . . . - . - - 

514,300 

41,144 

555,444 

44,436 
P 

599 ,880  
, -. . . 

35,993 

-. 

. 635,873 . 



ENGINEERING EXPERIMENT STATION 
GEORGIA INSTITUTE OF TECHNOLOGY ATLANTA. GEORGIA 30332  

CONSTRUCTlON COST ESTIMATE I SHEET 0 F 

P R O J E C T  I 

HP-WHR SYSTEM 
L O C A T  ION 

CONYERS 

DISTRIBUTION SYSTEM I 
DRAWING NO. ESTIMATOR C H E C K E D  B Y  

Q U A N T I T Y  -- - -- -- .- UATERLAC Aeo3 
Di~tr;">llti-on ,----. SUUUARY 0 u N , , - - T , m  - --. P E H  

T O T A L  

U Y l T l  U E A S .  U N I T  
T O T A L  

U N I T  
T O T A L  COST 

. ,  . -- . - 
Under~round Piping (1) L.F. 

Inc. Pipe, Installation 

Trench & Backfill 

14" Dia . 1,000 2.40 2,400 13.00 13.000 

'12" ~ia. 6,500 2.00 13,000. 10.80 70,200 

P 

-TOTAL---  .-,- --- -- 

-- - .----. - - - -- -- . --- 

- 

("price per foot based on hpipesber trend . . . - - - . . - - . - - . -. . - - - - -. . -. .- - - . - . - - 



CONYERS HP-WHR SYSTEM 
CONSTRUCTION COST ESTIMATE 

DESCRIPTION: THERMAL STORAGE VESSELS - 2 EA. 
45' x 45 '  x 20' (depth); NOMINAL CAPACITY - 600,000 GALLONS 
REINFORCED CONCRETE, INSULATED, EARTH BERMED 

ITEM DESCRIPTION UNIT QUANTITY UNIT PRICE AMOUNT - 
.1 CONCRETE C.Y. 694 $300.00 $208,200 

(IN PLACE)* 

2 COVER S .F. 4050 2.00 81,000 

3 INSULATION . S.F. 
(IN PLACE) 

TOTAL - DIRECT COSTS $221,300 

* NOTE - GRADING, EXCAVATION AND BACKFILL WILL BE 
INCLUDED IN CENTRAL PLANT COST ESTIMATE. 
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CORNELIA HP-WHR SYSTEM 
COMPUTER PRINTOUT 

THERMAL LOAD ASSESSMENT 
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. . 

SQUARE FEET . . .  , ' . I .  

. . 
. .......... . . . . .  . . . . .  . . . . . . . . . . .  . . . . .  . . . . . . . . . .  ............. . . . . . . . . . .  . . .  --, ,.. --..- .- E.OOL!Nt P S N E T R l r l O N  F ? C W  T Z .  * ! * * . !  o ? *  Do O -., .--..- .: ...--. .-: . . 

ADJUSTED ZONE'HEBT ING I S  .ma.. e*,'., *17€+0'8 ETU . , 
. . . . 

.. . . .... . .. - --. ' ADdUST!iQ -. - Z O N E .  GO.% !!!!?..IS-.! rm , r e ? : ,  i-.. *iOE.!O 8 .BJU : :. --,-- .-_- 

ADJUSTED NO*' OF U N I T S  I S  re*ee.*i.a.a 72eG00 0 
. . 

. . ...... . . . , . . . . ,  ,...,...... . . . . . . . . . . . .  -- , ........-- :L ADJUSTEP eUTLOft?G. ARE.! I S  * * * *  * t ! * * *  33??0!31 OQq!!. SQUARE FEET: ::,. .,..: . . . .  : ................................. ..__ 
. . . . . . ADJUSTED HEAT ING PER ACRE . I S  . r  m..mr. e*** '* '**t  B T U Y A C K  . . 



MEAN S 
TYPE U!?~S F T / U N ~ ?  . JAN , AP G JUN . ??1k v.4 A UG, - 4.4. SEP OCT *es 

.44 , ' *4*  
DEC pi. 

,-.. 4t.t--. ..t'_t?t . . ? f ? * t t 4 .  ,... f.?.'.-- .-, - 
e.4 t4t 

CON 10 3 5 0 0 0 0  , a3675 0 3 0 2 8  .2468 .0945 00298  .0053 0.0000 0.OL00 0 0 1 4 0  . 0 9 8 0  .2328 e3588 1.7500 

TOTAL .37E+00 .3OE+OO .25E+00 r95E.OL r 3 0 E * Q l  053E-02  0 0 .  l 0 raCE-01 e98E.01 ;23E+00 .36E+00 ' . 
.A- ---. -- . . . .  _. ...... _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ....... - . . . . . -  . . . . . . _ . . . . . . . . .  -. _ _ . . _ . . . . . .  _... __  .__ ............ . .. 

TOTAL HEATo3(1.J001P. F. 0 3 6 7 5  a3028 e2468 . e0945 - eO298 .0053 0.0000 0 .0000~l  .0140 . el l980 e2328 e3588 ' ' , 

. . . . . . . . . . . . . . . .  . . . . . . . . .  .............................. . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  , . , , . . . . . . .  - . .  , . . . . . . . . . . . . . . . . . . . . . . .  -- , - - 
. * . . . . .  

I4 AN S . . 
. . MAR ',AW,R ?!! u s  F F l u N l ?  1 .** JuN JUL . O C T  2:; . ~ J E  . , TOT e4, 
! 1 : .  lY'5 ,+.** ' SE,P , ?** *t' . 4.e - . .  t~ ..---.,A -,-. _. ?*+..r. .- ................. .. ..... ........... ....................... ---. . ......... 

CON 10 3509.0  Oe0000 0.0000. . O i l 2  a0189  . . l o 0 8  e2275 .3003 02877  .Or42 , .  . 0 3 0 t  0.0000''  0.0000 ' l e 0 5 0 7  

: . TOTAL ' . 0.0000 0e0000 ' . O i l 2  . 0 1 8 9 '  a1008 m2275 r 3 9 0 3  .2877 ' i 0 7 4 Z  . a 0 3 0 1  0e0900 9e0000 . # . . ........... . . . . A .  . . - . . . . . . .  .. ... . . ....... . ........ ........ ..... .. . . . . . . . . .  ....... .... ..... ........ . .  ........... -' ..L - ..-. -. -. ^. - -. -. - - -. -- ..A- .-'- - 1 .-. . . . . 
' ,  TOTAL C O O L ~ ~ ~ ~ ~ O O O ~ P ~  F. ,O . .O . l l E ~ O l ' . I 9 E - 0 1  .10Et00  .23E+OO e 3 0 ~ + 0 d  .29E+00 b74E-01 .JOE-01 0 0  ' 0 0  . , 

i " 

.. . . . . . . . . . . .  . . . . .  . . . . . .  .... . . . . . . . . . . . . . . . . . . .  . . . . . .  -, .. - - .- - . -_ _ . . _ . . . _ _ . . . . .  . . . . .  .,, - * . . .  
. . 

. . ..-._..___.. .- - _ _. . . . .  ............... . .___,2__.___. . ._ . . .  __ .- .--.. I... . .. . . . . _ . _ .  r ' - -  . - - .- . - . - . . - - 
. . 

. . 



I . I . . .  
. . . . . . . . . . . . .  , ' . .  -.. .. . .  ..-- _r--- -L ..... .- .... -- .......... 

HE AN TOTAL HEATING TOTAL COOLING ADJUSTED ADJUSTED 
' TOTAL AREA . ' (BTU)  (BTU) TOTAL COOLING . !!OE !N,!Le*?!S? c e e + r , r + r + r r  OF e e  ...... . . . . . . . . . . . .  eeee+*+***e,*  ee* * *++*+*e+e  , . . .  ***.**+**+*.* . . . . . . .  +++W+I*+,4*** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -----..-.-... - - .  .-:... ......- , _ .  .. ..,_., . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  , 

. . . . 

COH 3 5 0 0 r 0  1 0  3 5 0 5 0 * 0  . l 1 7 5 E t 0 7  1 0 5 E t 0 7  l 1 7 5 E t O 7  , *iOSE+O7 
-+. - -  , ,  .---.---.- ---. .. -------.--------.v--.. ...... .---. ..-.. . . 

I 
, . 

. .  .. . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  ,..: ............... TRTAL ZQI?E.HEI\Tlf4C I . S . , e , e , t r r r e * r t a  r t 0 t * 9 ?  BTU..- .....,, . . 
. . 

TOTAL ZONE COOLING I S  * * * r * * * e a r * * * r  e l l E t O 7  BTU 
. . .  . . .  Z , W E A Y & M E A ~ . A X ~ ~ U L ~ * ~ ~ * ~ ~ S ~ . ~ L  ,-.-- -dL%S I_ -1- ------.-.---------....- .-- 

TOTAL ZONE HEATlNG PER ACRE I S  e e * * * ,  BTU/A CRE W 
03' 
W . . . . . . . . .  . ............................ . . . . . . . . . . . . . . . . .  --.--.--. -. .,.-.--- .. TQTtL.. ZONE CQOLZFG. ..PCR ACBE. IS .r rt, I ? .--..-.-: .............. :. + - 

. . .  
TOTAL BUILDING' &REA . I S  ..a . .ooao*r.. 35000.00 SQUARE FEET 

. I .  , . , 
.r . .r, . . I B Z A U U  H@EB... QFd!!XlS-l S-1.rssg r u - e l a  - . - - .  1P ..-.. i . . -:- ---.-1-- , .  - --------- ...... 

HEAT!NG PENETRATION FACTOR I S  r . r * * e  OlrOOO 

. . . . . . . . . . . .  . . . . . . . . . . . .  ..................... ,,.--. . ...-.. ,,. Go94IHE .P.ENE?RPTIOt( FnCTQ!? ..Js. . i * r  ;... - . a  1 1 o o O .  - .  .. - ,  . .. :.. ...... ., . .  .,. ...... .;.. . . . . .  . 

. ' .  'ADJUSTED ZONE HEATING I S  ; * * * * * * . * a *  r 1 8 € + 0 7  8 T U  . "  :, I . ., . 
: . ,. . . . . . .  ..I l i  ......................... - ---- L.--_---L...-~- '--: ... -- ----- -----.. 

. .: . . 
ADJUSTED NO* OF U N I T S  I S  o. . * * * . *oo*  10.0000 

--....,- L - fiDJUSTE0 B U l L O l N l i  AREA T S . ? r c , t . * * * . r  3 5 0 0 b * 0 a 0 0  SQUARE FEET- . . . . . . . . . . .  . - . . .  ........ : . . . . . . ' . .  .: . . . . .  :. . . - . - . . - . . . . .  
, . ADJUS'TED HEATING PER ACRE IS BT U/ AC RE *:.**** . . 

: k.$ * ", ' . ' . . .. : A U W  ,EevI 6- fXWBCRS - r m *  2 i . i . .  - _-!W!!.!G_R.E~ . .  _ _  ..__..________- _ __....-. - 
. . 

. . 



. . 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  ...._...... - . .  . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. ............. '. 44414*4~44,4+444~-. HEATING DATA;* . "  ' -. 

. . 
NO. MEAN 

. .... F T ~ ~ N I ?  , 

I .  lTYPE ! ..*4..* APR .*4 e.4 .lUN . , ,?Yf . 44. **. MAR $5: . 4.. 
NAY OCT - NOV OEC TOT 

!!?P - -- . . - - - - -- -- - -. - 4- P - . . ." -- - .--- -...--- --.-. - .- -- SEP 4 .. 444 , ... 44. , 
, 

COH 9 . 750000 '  'e7C88 a5839 04759 ' a1823 rO574 ,0101 000000 0000QO r 0 2 7 0 .  01890 . a4489 e6919 303750 
. .  , .... - ...... - .. - ... - - .. , .  . . . . . . . . . .  2 .  . . .  . ..... .. 8 . . rrrr-rr r----r ----re- trrr-rr rr-r-rr - r - e r r -  -----r- rrrrr-i r&'r--rr rr-r-rr ---r-rr"rrrr-rr 

I .  ' . I 

. . :  TOTAL .' .71E+00 e58E+00 rC8E+OO o18,E+OO 057E-01 010E-01  .O . ,  . .a *27E-01 19€+00.  *45E+00 .69E+00 
.. ..... . ................. .. . ....... ........ .... .. . . --- - -- - .-- .- .- ^ - .  

TOTAL HEATo3(1rOOOJPo F r  . . a7088 05839  04759 0 1 8 2 3  r 0 5 7 4  0 0 1 0 1  Or0000 000010  00270 . m i 8 9 0  06489  eb919 

. . . . . . .  COOLING D A T A ( *  ' 1 1  .-.,- . . . .  . . . . . . .  . . . .  , . . . . . . . . . . . . .  . -  - . . . . . . . . . . . . . .  . . . . . . . .  . . . . . . . . . . .  .. .. *e*44*4,***4,,44*., :-.. . . .- , -  

MEAN S 0 . . . .  
. TYPE U:PIS FT~UNI? , , ;:g : '  
4*4. .?... e44*44* 

AUC . SEP APR . . ?t;l,N. , itk *** , a.4 
NOW . 

, g,E$ ' , . .. . . . . .. . .  . . .  OCT 444 . f*+ L,.. --. , .--. -, , ,--, ,-.A - - - ..-..-- -.- -_-:f..E...: .--.---.----- ...-. -- --.--...- -..- 

; CON ' .  9  7500rO 0 0 0 0 0 0  '0;0000 rO216 r 0 3 6 5  .194C a4388 .5792 ' ( 5549  0 1 4 3 1  e 0 5 8 1  000000 000000  2.0264 

- TOTAL q00000 8 0 0 0 0 0 .  r 0 2 1 6  00365 e 1 9 4 4 .  01388  ,5792 .5549 e l 4 3 1  . e b 5 8 $  Oe0009 010000 ' ' ! . ---- . .- ............ - . .  - .  . - . . . . . - . .  ..- . - ... -.- . . . . . . . . . . . . . . . .  - .  . . . . . . . .  . . . . . . . . . . . . . . . .  __. . . . . . . .  . . . . . . . . . .  _ . .  ._. _ . _ _ ,  _ 
TOTAL C O O L o ~ 8 i o 0 0 O l P ~  Fo 00 - 0 0  02.2E-01, 036E-01 e19E+00' .4CE+00 0 5 8 ~ + 0 0  .065€+00 ei4E+OO .58€-0.1 00 

' I 
.o 



HEAq 
TYPE 
4.C. 

U N I T  aREA .......... 
con 75qo.o 

TOTAL HEATING 
*~**.c*w.~cc T........~.....e.~e...~ (BTU) 

TOTAL ZONE HEATING I S  ................ ..34E+O? B l U  . . .  . . . . . .  

lOTAL  ZONE COOLING I S  .......,...... .ZOE+O? 8 1 4  

f OTAC COOLING. ADJUSTED 
(BTU) 

ADJUSTED .... *e *o *e ,+ee~+*  *.*.**4+*+4 4. .* TOTAL *** COOLING ee,. . . . .  . . . . . . . .  - . . . . .  . - -  . 

ZQNE L N P  AREA I S  C + * + V * . ~ * ~ * ~ * * * * L . L  

TOTAL ZONE HEATING PER ACRE I S  * a * . *  

. , 
.. ACRES -.:.. . 

8 TU /A CRE - 
03 IOTA& ZONE COOLING PER ACR€ I S .  , a t a l  . . .. BTV'ACRS . , . . . . . . . . . .  . . .  . . . . . . .  'Cn-'.- -. ' . . . . .  

. . .  I '  .TOTAL BUILDING AREA I S  a , r a a a a a r e a r a  61500.00 SQUARE FEET 
. . 

-- .- -.---IR?.Ak .NVHBE.R OF.UNTTS I S  : * * t o r  ~ ~ 1 . 1 2  .9 .. :I -.--....- 'I.-. ._ ': i :-- . . 
HEATING PENETRA~ION FACTOR I S  .....a 01.000 I 

. ,. . . . COOLING PENETUATION FACTOR JS . a e . . p  , ' 0$.000 ' . ,  ., . . . . . . . . . . . . . . . .  . . . . .  . . . . . . . . . . .  . . . . . . . . . .  . , . . - . . - .  - 
. . . ADJUSTED ZONE HEATI~F~G IS ........... .S+E+O r BTU . .  

. . . . I .  

.. ........................................... . . . . . . . . . . . . .  ........................ .... . I '  
. . -:--- M!JUPTSP T O W  G P O L I N .  15 9 .  . *  '?OE+0? . e T C  $. - 

AOJUSTED NO. OF UNITS I S  a a r a a r r a . e r  9 a U 0 0 0  
. . .  ~ o ~ u s r ~ o  e u I L o I n G  T S  .,,,..,c. .r 6 7 5 o a . 0 . 0 ~ 0  SQUARE FEET . . .  , . . -  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  , 

. . I .  

. . 
. . .  AOJUSTED HEATING PER .'ACRE I S  a a r  a*.. G T W A C R E .  . 

. - :. . 
.... . :.-,. BP4USTEP. .CPQLIEIG PER PC& .IS. r r + a *  * a  @T.!!/Ac% - - .  - . . . . .  - .--.-._- . .,-. ........ r .  -..--.. ..... --. -- -- -- a- 

. . . . . . 

. . .  : 4 

. . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  . .  . . . . . . .  . ,  . . . .  . * . .  .' : ' . "  ' . . 
. . 

! .  . . .  
. . 

. .  -... . . . .  . . .  . . . . . . . .  ,- -- ., 
. " , . . . .  . . . . . . . . .  . . 

e * * * e e e ~ * * * ~ + ~ + e e e . * e * e * * a * t ~ ~ + ~ ~ e ~ n * * ~ e * * + * ~ - * ~ + * * * e ~ * * ~ e ~ ~ e e e ~ ~ + ~ ~ ~ e + e ~ * ~ e * + * * ~ + ~ ~ ~ * 4 * * * ~ + ~ ~ ~ e ~ ~ ~ ~ * ~ * ~ ~ * 4 o ~ ~ e ~ e * ~ ~ e ~ ~ * * 4 * v e e + * e * *  
. . .../ , L .  

\ 



HEATING OATA '* r 
4+44+0*4 . *4UCl l ld  

NO* WEAN S 
. FEB TYPE U N I T S  F T l U N l ?  jt? . ee4 HA R' AP R NOV DE" :,01 . . . .me. . .  e.4. +4444  + 4 4 4 4 4 4 .  ,,*. 4  ft!: , itk . 5 . !?$! e.4 . . 4 4 4  -_.____ _ _ . _ _ _ _ A  . _ _ _.___..._._-I_._.-._._____._- .. . ___̂ I_ --_. - . .- . .L - -...- . _ 

con o 0 . 0  o . 0 0 0 0  0 . 0 0 0 ~  o o o o o o  o . o o o o  0 ~ 0 0 0 0  o.oooo O . U O O O  0 . 0 9 0 0  o .oooo-  o . o o o o  o.oooo O ~ O G O O  o .oooo 

. . . .  
. . .  . . . . 

C O O L I N G  OATA * .  : . ,  ' 
. . 

..................... ........._..._...................... , -. ,r ................. . .  ( ,*,*4,**C4C*****4*-." .." .-.'--"'.-- . ...-.-.-,........ -.-...,-... _........... .--..,.-.----.-a- . . .  .... ...-. ... , > 



. . 
MEAN . TOTAL HEATING ' TOTAL ADJUSTEO HEATING ADJUSTED 

(BTU) 
' ! (BTU) ! ' 2: l..?CiE? ............. No...U.... .............. ............. ' ...........I. . . . . . . . .  . . .  . . . . .  . . . .  . . . . . _ . . . . _ . . . . . . _ . .  , - . . . . . . . . .  - . . . . . . .  - - . . - .  :::!ke$::ki!i . ........ . . . . . . . . . . . . . . . . . . . . . . .  _ _  _ _. . .  ._. ._ 

. <  . . 
I 

0 '. con 0 . 0  0.0 0 * 0. 0. a 
*. ...: . - . .... . ........ . .... - 

No-. 
......... ... - - ... .. ..I*o ,.276E+04 .: ; 276E+O4--.' 

*.. 
8 ' -  

. . . . . . . . . . .  . . . . .  . . . . .  . . . . . .  . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  . . : . . . . .  . . . . . .  _ _ -_ .. - .... - . . . - . . . . .  - ." . . - - . . . . 
TOTAL ZONE HEATING I S  .e.ee.. . .r . .o* 0 0  . BTU 

. .... .... ... IQI!L-ZkNNE. CCQLXH% .bS--rztrr ~ g r x q  * Y  * .  L...A?&?O_!!. el!! ., .-.-A ,-. - :.-L.-.- L- .--- -.--. 

ZONE LAND AREA I S  . . . ~ . . ~ . s o . . o . ~ s * o ,  . ACRES W 
C O '  
4 

.... ..". . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  e?u/q cRE TOTAL ?OJE #EATING.  P€P ACRE !$ *.**., , . . .  : . . . . .  -..- - .-...... -.- - .- ... .. 
, . z . . '  . . "  

0 .  

TOTAL ZONE COOLING PER ,ACRE I S  0 . * 0 *  <,L . .  BTU/ACRF: . . . . 
. ,  I '  I 

. ... - ...- J Q T  4b. !!ll.€hoZMG !!PE.?4.. L T . . x * . r . r s x  *.r .~lr. . -  '. . :42o.k ... SQUr!ARS,.FEEL. - . - - - -  - . -. - .  - .  -- 
. . .  TOTAL NUMBER OF U N I T S  I S  eea...,a.ee 1 .  

I 

. . . . . . . . . . . . . . . . . . . . . .  ...... ........ . . . . -  . . . . . .  .. . .-..,.-.-. -... . . . . . . .  ljFAT!l?c PENETRATION FACTOR S S . t r . ? r r  0 ? ? 0 0 0  . . . :I . I -, 
. . . .  :. 

CPOLING PENErRATION FACT OR I S  ..r*... 0 1 . 0 0 0 '  . . 

. - c . ~ A ! 2 4 . ! ! S T . E e  .?!?HE. !!_EAT IN3 ._IS , - r r s u ,  ?.r* ri. .. 1 0 . .  ...... B?.!!.. ... ..I . 1.; ..... 1.. ..-1 --.-: -.. .... 2.-- -. 
, . ... 

ADJUSTEOZONECOOLING I S  * . . .~. . . . r .  . Z ~ E + O ( , ' B T U .  . 
. . 

-- ..,,..... 1 : .,.--A .::.AQJUST€D .NO. OF UNITS .IS ?r,r  r . ,  rr a . 2 .  124GO 4 -. -..... :... . . . . . . . . . . .  - . - - .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ...................... - - - . - . -  . 

. . . ,ADJUSTED B U I L D I N G  AREA . I S  e . r e r . * . e e  1 . 0 0 0 0  SQUARE FEET . . 1 1  1 '. 

.. . .  . ~---?Odk!-SlEQ -!IEATINC PgR. .BCRd .lS 9 s.9. r.9 z e  .-..- .. 01 UL AC K .- -. -- - -.-..-:: ::-:..- - L ..-.. -- 

ADJUSTED COOLING PER ACRE IS ..a, .or  c a BTUIACFE . ! 



HEATING DATA (*-.. 1 . . . . . .  
*ee+ee*eeei*e*t+e**e ' ' ' . . ' " -  - "  ' . . 

APR ' . . .  
a a u  i,U! k 444 SEP AUG e.4 DEC'  . 5 :  C?! . . 444 

. . <  . . - COOLING DATA ( * a '  . b . . .. ...... . . .... ....... . . . . . . . .  ....................... . ........ --. . ,-. -. - , ................ -,- ,..... , , ,*** *e*4 ,*?**?. ....--... --.--.-.-- --.---- -...-,-.---..-. ...- .....-..-............- . . .  . . :, . . . 
...... ' I  . '  . . . .  . . 
. : .  ZONE . . JAN ., FE6.  - . ~ A R  . APR JUN . J U L  ' AUG :. SEP , OCT. . NOV . .' DEC '. . TOT ' 

4 . ,- . . .-trt-2t!!--. .... ttt . .-3.2 .--.-I--...- * f , t : L * y . f t @  - .  *4* 4 ,  . _:-- 99.. 
. . 



AOJUSTED HEA? I NG COOL1 HG TOTA6.-.. TOTAL ADJUSTED ADJUSTED TZtE--.N'O.-OF U N I T S  NO. O F - U N I T S - ' - P E N E T F A C ~ - -  PENET fOi4$$S! " ! $ ! ~ ~ ~ E $ ! ! $ ~ - ? ~ ! , A $ + $ , o , o ~ ~ ~ $  '?g!!$e$$t!!$t !g!tk+$$+Okiti e+++ee+++ee+ eee+ee+e+eee eee+4e+ee4 ee++e+4++4 

/ 

. .. . . .  .... . . .... . . . . . . . . . . . . . . . . .  -- _1_-. 22E+08--BTU'-. -_--. -- I . . .  ' .- -. * - -. 
TOTAL HEATING I S  -e'.~*'ar'.. . . . 'a.a;"..a..*.aae~a. 0. 

I 

TOTAL COOLING I S  r e . . a r r a e a r ~ m o . o a o a o a a + o e m a a '  m13Et08 BTU 
. . ----. - . . . _ . . . . . . . . . . . . . . . . . _ .  . . . .  . . . . . . . . . .  TOTAL ADJUSTEOHEATING I S  'o.a.a.8 ,*.. 0. am . .a * ;  ; 22EtO6 BTU '. ' - . . . .  

W" 
TOTAL AOJUSTEO COOLING I S  a m r r a . * * a a . a . o a . . m a ,  e 1 3 E t 0 8  BTU 
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CORNELIA HP-WHR SYSTEM PERFORMANCE ANALYSIS 

1. Heating and coo l ing  loads  determined from computerized load  e s t ima te s .  

2. Heat t o  d i s t r i b u t i o n  system (HDS) (assume end-user hea t ing  C.O.P. = 3.0) 

1 
HDS = Monthly Heat Required x (1- 3.0' 

3. H e a t  Required 'from sewage e f f l u e n t  (HSE) (assume end-user cool ing  C .O.P. = 2.5) 

1 HSE = HDS - ( 1  + -) x Monthly Cooling Required 
2.5 

4. Heat d i s s i p a t e d  a t  coo l ing  towez-, (JIDCT) 
(assume end-user coo l ing  C.O.P. = 2.5) 

h e a t i n g  C.O.P.' = 3.0 

HDCT = 1.4 (Monthly Cooling .Required) - H.D.S. 
. . . . 

5.  C i r c u l a t i n g  pump energy consumption: (assume 30 percent  e x t r a  consumption) . '  

HSE 
1 . 3  x [- HDCT 

2 0 + x 80 f t .  
KWH = 

.65 e f f i c i e n c y  x 2.65 x 106ft-lb/KWH 

6. Sewage pump energy consumption (assume 10  pe rcen t  e x t r a  consumption) 

HSE 
1.1 x [TI x 60 f t .  

KWH = -65  e f f i c i e n c y  x 2.65 x l ~ ~ f t - l b / ~ ~ ~  

8 .  

7. D i s t r i b u t i o n  pump energy consumption: 

Monthly 

[ 
HDS + 1.4  (Cooling) 

325 f t  KWH = -- 1 0  
.65 e f f i c i e n c y  x 2.65 x l ~ ~ f t - l b / K W H  

8. Cooling tower energy consumption: 

KWH = 
HDCT x .8 KWH/HP x 50 HP 

9.28 x l o 6  



CORNELIA HP-WHK SYSTEM 
DISTRIBUTION PUMP POWER REQUIREMENTS 

MONTH 

J A N .  

FEB . 

APRIL 

MAY 

JUNE 

JULY 

AUG . 
SEPT . 
OCT. 

NOV . 
DEC . 

COOLING 
HRS - KWH - 

HEATING-"-- . 
HRS KWH - - 

TOTALS 3 7 6 5  HRS 1 1 3 , 3 6 0 . 5 7  KWH 4 9 9 5  HRS 3 6 , 1 7 7 . 3  KWH 

T O ~ A L . K W H  REQUIREMENT - 1 4 9 , 5 3 7 . 8 7  KWH 



HEATING 
LOAD 
x 109 

JAN. 4.6 

FEB . 3 . 8  

EMRCH 3 . 1  

APRIL 1 .2  

?MY .37 

JUNE .06 

JULY 0 

AUG . 0 

SEPT . .17 

OCT . 1 . 2  

NOV . 2.9 

DEC. - 4 .5  

COOLING 
LOAD 
x 109 

0 

0 

.14 

.23 

1.30 

2.80 

3.70 

3.60 

.92 

.37 

0 

0 - 

H E A P  
FROM 

SEWAGE 

3.06 

2.53 

1.87 

.48 

0 

0 

0 

0 

0 

.28 

1 .93  

3.00 

HEAP 
TO 

DIST. SYS; 

3.06 

2.53 

2.06 

.80 

.25 

.04 

0 

0 

.. 11 

.80 

1 .93  

3.00 

HEAP 
DISS. @ 

COOLING TWR. 

0 

0 

0 

0 

1.57 

3.88 

5.18 

5 .04  

1.17 

0 

0 

0 

CORNELIA HP-WHR SYSTEM 
MONTHLY PERFORMANCE ANALYSIS 

DIST. CIR. SEWAGE COOLING 
PUMP PUMP PUMP TOWER 
KWH KWH KWH KWH ---- 
10,007 9,237 5,862 0' 

6,201 7,637 4,847 0 

4,484 5,645 3,583 0 

2,653 1 ,449 920 0 

8,497 9,467 0 6,610 

17,189 23,396 0 16;336 

23,815 31,235 0 21,810 

50,209 30,391 0 21,221 

12 ,613 7,055 0 4,926 

2,077 845 536 0 

3,896 5 ,826 3,697 0 

7,899 9,056 5,747 0 

MLSC. TOTAL 
KWH CENT. PL. 

(AUX. j KWH 

800 25,906 

800 19.485 

EN@ 
USER 
KWH 

449,262 

371,129 

319,171 

144,154 

188,494 

334,017 

433,636 

421,916 

124,426 

160,562 

283,230 

439,496 

TOTAL 
SYSTEM 

KWH 

475,168 

390,614 

333,683 

149,976 

213,868 

391,738 

511,296 

524.537 

149,820 

164.820 

297,449 

462,998 

POWER REQUIREMENTS: 

PERCENT OF CENTRAL PLANT - 

PERCENT OF SYSTEM - 

@ END-USER HEAT PUMPS 
HTG C.O.P. = 3.00 
CLG C.O.P. = 2.53 



CORNELIA HP-WHR SYSTEM 
CONSTRUCTION COST ESTIMATES 





..- 

ENGINEERING EXPERIMENT STATION 
GEORGIA INSTITUTE OF TECHNOLOGY ATLANTA. GEORGIA 30332  

S U M M A R Y  

- -. . 



ENGINEERING EXPERIMENT STATION - - 

GEORGIA INSTITUTE OF TECHNOLOGY ATLANTA, GEORGIA 30332  

. 
DATE PREPARED 

CONSTRUCTiON COST ESTIMATE S H E E T  o F 
I 

PROJECT 

HP-WHR SYSTEM 
LOCATIOM 

m L I A  

DISTRIBUTION SYSTEM 
DRAWING NO. ESTIMATOR - CHECKED B Y  

QUANTITY  LABOR MATERIAL  

D i s t r i b u t i o n  SUMMARY NO. U N I T  P E R  P E R  T O T A L  . 
UNITS YEAS. U N I T  

TOTAL 
U N I T  

T O T A L  COST 

240,234 

, +  8% P r o f i t  1 9 , 2 1 8  

259,452 

+ 6 %  E n g i n e e r i n v  F e e  - - - , - - . . . . . . - . - - . - - .. 1 5 , 5 6 7  

$275 ,020  

- -- ----- -. ----. -, 

- 

- - 

( ' ' p r i ce  p e r  f o o t  b a s e d  o n  2 p i p e y e r  r r e n c ~ .  . - . -- . . . . . . . . .- . -. --+--- ._ _ ..a -- 



COPdELIA HP-WHR SYSTEM 
CONSTRUCTION COST EST~MATE 

DESCRIPTION: TIIERMAL STORAGE VESSELS - 2 EA. 
50' x 60' x 35 ' (depth) ; NOMINAL CAPACITY -. 1,400,000 . , .  GALLONS 
REINFORCED CONCRETE, INSULATED, EARTH BERMED ' ' 

ITEM DESCRIPTION UNIT QUANTITY UNIT PRICE AM0 UNT 

1 CONCRETE C.Y. 938 $300.00 $281,400 
(IN PLACE)* 

2 COVER S.F. 6,000 2.00 12,000 

3 INSULATION 
(IN PLACE) 

LUMP SUM 5,000 

TOTAL - DIRECT COSTS $298,400 

* NOTE - GRADING, EXCAVATION, AND BACKFILL WILL BE 
INCLUDED IN CENTRAL PLANT COST ESTIMATE. 
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HEAT BALANCE 

I n  most c a s e s ,  h e a t  l o s s e s  o r  h e a t  g a i n  caused by r a d i a t i o n ,  con- 

v e c t i o n ,  b e a r i n g  f r i c t i o n ,  o i l  c o o l e r s ,  e t c . ,  a r e  r e l a t i v e l v  s m a l l  and 

may n o t  be cons idered  i n  t h e  o v e r a l l  h e a t  b a l a n c e ,  b u t  may be compensated 

f o r  i n  t h e  h e a t  b a l a n c e  c l o s u r e  a l lowance .  

I n  a  he rmet ic  package,  where t h e  motor i s  cooled by r e f r i g e r a n t  g a s ,  

c h i l l e d  w a t e r ,  o r  condenser  w a t e r ,  t h e  motor c o o l i n g  l o a d  w i l l  be inc luded  

i n  t h e  measured condenser  l o a d ,  hence:  

Where 

EV = n e t  c o o l i n g  c a p a c i t y  o f  l i q u i d  c o o l e r ,  Btuh 

qKWINPUT = e l e c t r i c  energy i n p u t  t o  t h e  compressor motor ,  
expressed  i n  Btuh 

c  
= n e t  h e a t  r e j e c t e d  t o  t h e  condenser ,  Btuh 

CLOSURE: THE HEAT BALANCE FOR THE TEST RUN SHOULD BE WITHIN 7 .5  PEQ'CEYT. 

SOURCE: A R I  'STANDARD 550-77 
54 

COEFFICIENT OF PERFORMANCE (C.O.P.) 

The C o e f f i c i e n t  of performance can  be c a l c u l a t e d ,  f o r  any s p e c i f i c  

s e t  of o p e r a t i n g  c o n d i t i o n s ,  from t h e  f o l l o w i n g  fnrmu1.n: 

C.O.P. = Tota l  Heat Out 
Heat I n  

='Compressor h e a t  + Evaporator  h e a t  
Compressor h e a t  

Where 

C o m p r e s ~ o r  h e a t  = Power s u p p l i e d  t o  u n i t  (KWH) 
x 3413 (BTU/KrJH) ( i n c l u d e s  f a n  power) 



'Evaporator heat = Flow rate (lb/hr) 
x Specific heat of water 

(1 .o~tu/lb-O~) 

x Change in water temperature (OF) 

SOURCE: "Demonstration of Building Heating with a Heat Pump Using 
Thermal Effluent , " Sector. 33 

ACTUAL CAPACITY 

The actual capacity, in tons, can be determined by the following 

formula: 

tons = w (T~-T,) / 12?  000 

~here 

W = flow rate of chilled water, lb per hr 

0 Te = temperature of water entering the unit, F 

0 
T1 = temperature of water leaving the unit, F 

NOTE: The specific heat of water is implicit in the equation and is 
assumed to be 1.0 ~tu/lbm-OF 

SOURCE: ARI Standard 550-77. 54 



. FOULING FACTORS 

. Fouling f a c t o r s  must be obta ined  experimental ly  by determining the  

va lues  of U(overal1 hea t  t r a n s f e r  c o e f f i c i e n t )  f o r  both c l ean  and d i r t y .  

condi t ions  i n  t h e  h e a t  exchanger. The fou l ing  f a c t o r  is  thus  def ined  a s :  
. : 

Rf = 1 - - 1 (HR - F t 2  - OF) 

' ~ i r t ~  'clean Btu 

t h e  o v e r a l l  h e a t  t r a n s f e r  c o e f f i c i e n t ,  U ,  i s  def ined  f o r  a  s imple 

double-pipe h e a t  exchanger a s :  

Where 

h i , h 0  = convection hea t  t r a n s f e r  c o e f f i c i e n t  

Ai,Ao = s u r f a c e  a r e a s  of i n s i d e  tube 

r 
ov r i  = i nne r  and o u t e r  r a d i i  of i n s i d e  tube 

K = conduction h e a t  t r a n s f e r  c o e f f i c i e n t  of tube ma te r i a l  

L = l eng th  of ~xchnnge r  tubes 

11 . . SOURCE: Heat Transfer ,  J. I?. Holman. 



TABLE E-1 
TYPICAL FOULI?lG FACTORS 

7 ABLE 7. Farling Raristancsl 

Typical fouling resistances are refencd to Ihc ruriaor un which hey  occur. In 
the absence of specific data for u t l ing  propr rakunccs the rrvr may k guided . 
by the values tabulated below. 

..-.- 
Temperature of Heating Med~um I Upto240°F I 240400'F 
Temperature of Water 

Types of  Watrr 

2 9 
SOURCE: Handbook of Heat Transfer, W.H. Rohsenov and J.P. Hartnett. 

- 

Sea water 
Brackish water 
Cooluig tuwcr and iul i l icir l  spray pond 

T rwtcd makeup 
Untreated 

City or weU water (ruh rr Creat Laka) 
Great M a  
River water 

Minimum 
Mississippi ' 

Delaware, SchuylkiU 
East River and New York Bay 
Ctuugo Snillry C a d  

~ u d d y  or silty 
Hard (ou r  l S grains/@) 
Engine pcket 
Lhst illbd 
Treated boiler feedwater 
Boiler blowdown 

125'~ w ku 

Watc~ veiooty 
ft/sec 

3 i t  Over 
and l es  3 f l  

. *Ratings in cdumnr 3 and 4 are b u d  on a temperature o f  the heating medium 
of 240-400 '~ .  If the heating medium temperature is over 400°F and the c w l ~ n g  
medium is known to scale, these ratings should be modified accordingly. 

0.0005 
0.M2 

OD01 
0.003 
0.001 
0.001 

0.002 
0.003 
0.003 
0.003 
OM18 

0.003 
0.003 
0.001 
0.0005 
0.001 
0.002 

Over I ZS0F 

Water velocity 
f t l v c  

3 ft 
and leu 

0.0005 
0.001 

0M)I 
0.003 
0.001 
0.001 

0.001 
0.002 
0.002 
0.002 
0.006 
OD32 
0.003 
0.001 
OD305 
'0.0005 
0.002 

Over 
3 h 

0.001 
0.003 . 

0.002 
6.005 
0.002 
OM12 

0.003 
0.004 
0.004 
0.004 
0.010 

Om 
0.005 
0.001 
0.0005 
OD01 
0.002 

0.001 
0.002 , 

0.002 
0.004 . 
0.002 
0.002 

0.002 
0.003 
0.003 
0.003 
0.008 
0.003 
0.005 
0.001 
0.000S 
0.001 
0.002 
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SAMPLE CALCULATION : . HEATING MODE 

Reference is made t o  F igure  3-1 and t h e  equat ions  and proc'edure ou t l i ned  

i n  t h e  a n a l y s i s  s e c t i o n  (See 9.4.4).  

DATA : 

T f i  
= ' t empera tu re  of e f f l u e n t  e n t e r i n g  the  evaporator  of  t he  c e n t r a l  

hea t  pump = 60°F 

Tfo 
= temperature of e f f l u e n t  leav ing  t h e  evaporator  of t h e  c e n t r a l  

h e a t  pump = 50°F 

Tel = temperature of water  e n t e r i n g  t h e  evaporator  of t h e  end u s e r  
hea t  pump = 80°E 

Te2 
= temperature of water  l eav ing  the  evaporator  of t h e  end u s e r  

hea t  pump = 70°F 

T c l  
= temperature of water  e n t e r i n g  t h e  condenser of t he  c e n t r a l  

hea t  pump = 70°F 

Tc2 = temperature of water  l eav ing  t h e  condenser of c e n t r a l  u n i t  
= 80°F 

COP of t h e  end u s e r  h e a t  pump = 3.035 (from Fig. 9-5) 

COP of t h e  c e n t r a l  hea t  pump = 6.991 (from Table 9-3) 

Q = des ign  hea t ing '  load '  = 55,000 Btuh .= Q = end-user load i f  t h e  
house based on 750F i n s i d e  and - 2 0 ° ~  gu t s ide .  

W = energy inpu t  t o  compressor of t h e  end use r  hea t  pump = 
c e 

'c , (end use r  u n i t )  = 55,000 = 18121.9 Btuh 
COP 3.035 Btuh 

COP 
Heat r e j e c t i o n  f a c t o r  HRF = . . n 

3,035 
COP-O. 92- 3.035-0.92 

HRF = 1.435 

Heat .absorbed i n  t h e  evaporator  of t he  end use r  h e a t  pump Q (end use r  
e 

55,000 = 38327.52 Btuh 
hea t  pump) = 1.435 

Heat r e j e c t e d  i n  t h e  condenser of t h c  cenLral  s t a t i o n  hea t  pump = 
(cnd user h e a t  pump) = 38327.52 Qe 

Work inpu t  t o  compressor of t he  c e n t r a l  s t a t i o n  h e a t  pump: - - 38327.52 - - 
'cc 6.991 

5482.41' 



T o t a l  compressor energy i n p u t :  CW c = Wce + Wcc = 23603 Btuh 

PUMPING ENERGY : 

Mass r a t e  of .flow of water through the  evaporator  of t h e  end user  

u n i t  = M w ~h (end-user h e a t  pump) = Mw Cpw (80-70) = 38327.52 

Where 

c = 1.00 
P w 

The same mass f lows through t h e  condenser nf t h e  c e n t r a l  h e a t  pump. 

MASS RATE OF FLOW OF EFFLUENT: 

HRF(centra1 h e a t  pump) = 
6.991 

= 1.152 
6.991-0.92 

Heat e x t r a c t e d  from t h e  e f f l u e n t  i n  t h e  c e n t r a l  s t a t i o n  = 38322 1.152 = 33269.97 

= mass r a t e  of flow of e f f l u e n t  = 33269*97 = 3327.00 lbm/hr - .  
f  1 x (10) 

For t h e s e  mass r a t e s  of flow t h e  pumpingenergies f o r  water flow through 

t h e  condenser of t h e  c e n t r a l  pump, evaporator  of t h e  end use r  hea t  pump 

and the  e f f l u e n t  pump were c a l c u l a t e d ,  u s ing  the  procedure ou t l i ned  i n  

t h e  a n a l y s i s  s e c t i o n  and t h e  informat ion  given i n  References 5 and 7 .  

Esystem 
= T o t a l  energy inpu t  t o  t he  system: CW c + CW + o the r  l o s s e s  

(Leakage, thermal,  e t c . )  

It i s  noted t h a t  t h e  pumping energy (827. Btu/hr)  i s  3.5% of t h e  

compressor i npu t .  Inc reas ing  the  pumpixlg energy by 40% ( t o  al low f o r  

o the r  l o s s e s )  would b r ing  i t  t o  4.9%. (o r  5% approximate).  

~ o t a l  energy input  t o  compressor = 23,603.00 Btuh. 

5% of compressor energy, = 1180.00 



Tota l  energy input  t o  system = 24,783.00 ~ t u / h r  = ESystem 

C,OP system = 
55,000 
24,783. 

NOTE: I f  i n  an  a c t u a l  system the  pumping energy and o t h e r  l o s s e s  is  
10% of the t o t a l  energy inpu t  t o  compressor, then  system COP 
would become 2.118.- a  r educ t ion  of 4.55% i n  the  COP system. 



SAMPLE CALCULATION: PUMP ANALYSIS 

In the process of raising the pressure (or head) of the distribution medi 

(water or clarified effluent), energy is consumed by'the,pump. The .energy added 

to increase the pressure increases the enthalpy of water' resulting in an increase 

of temperature. . Since heat transfer from the pump casing is negligible, ineffi- 

ciencies due to frictional losses in the pumping, process tend to increase the 

temperature of the fluid. Pumping energy and the temperature increase of water 

during the pumping process is relatively small as 'shown in the following analysis: 

Vf (P*-P1) 
W =  144 Btu 

X - - 
P rl 778 lbm 

Where 

Vf = Specific volume of water at its temperature (which) 

is almost a constant over the temperature range) 

lbm 
P P = Inlet and exit pressures respectively, 7 
1, 2 IN 

N = Work input to pump 
P 

= Efficiency of the pump 
P 

Also energy balance around the pump yields 

. . - (W ) = hZ - hl 
P 

For example, for a pressure rise of 

3 
P2-P1 = 100 psi; water entering at 80°F, V = 0.01607 ft f lbm 



. . 

and assuming pump e f f i c i e n c y  of  70%, we have  from equa t ion  (D-1): 

- W = 0.01607(100) (144) = 330.58 f t - l b f  
P - 

.70 lbm 

Also, t h e  en tha lpy  

- W = 330.58 = 0.425 Btu 
P - 

778 lbm 

i n c r e a s e ,  0.425 Btu 
lbm 

The temperature  r ise of water  = Cp (T2-TI) - h2-hl = 0.425 

Where C = s p e c i f i c  h e a t  of water  = 1.00 Btu 
P - 

lbm F. 

The temperature  rise o f  water  dur ing  t h e  pumping p roces s  is  t h e r e f o r e  approxi-  

0 
mately 0.425 F f o r  a  p r e s su re  i nc rease  of 100 p s i .  



SAMPLE CALCULATION OF ANNUAL ENERGY CONSUMPTION 

Reference i s  made t o  t he  ASHRAE Systems Volume, 1976. (Ref. 49) .  

a .  , convent ional  Fuel  : 

For 40% ove r s i zed  furnace ,  Cf .= 1.79 

Assumed r a t e d  e f f i c i e n c y ;  Eff = 0.75 

HL = Heating Load = 55,000 Btuh 

CD, For Northwest Cent ra l  Region 

= 0.57 (Degree Days = 8238, 

Tll = (75 - (-20)) = 9 5 n ~  

HL X DD X 24 

 eat inlg TD X E f f .  

6 
= 155.717 X 10 Btu 

b. A i r  t o  A i r  Heat Pump: 

Copseasonal f o r  N.W. Cen t r a l  Region = 1,382 

Copseasonal f o r  S. A t l a n t i c  Region = 2,220 

For t h e  Northwest Cen t r a l  reg ion  wi th  C.O.P. = 1.382 Season 



D i s t r i b u t i o n  

ANL - 

J .  Calm (50) 
A. Kennedy (25) 
K. M.lc.?l 
T. Marciniak 
J. Pascual ( 2 )  
V .  Rabl 
J. Tschanz 
ANL L i b r a r i e s  (C. Archer) 
ANL Washington (B. Graves) (10) 
TIS F i l e s  (E.N. ~ e t t i t t )  

DOE - 

S. Cavros 
J .  Kaminsky 
G. Leighton 
J. Millhone 
J. Rodousakis (25) 
I. Sewell ' 

D. Walter 
DOE-TIC (27) .  

External  

C. B r e t t ,  Univers i ty  of Alabana (2) 
P. Swenson, Consolidated Natural  Gas Serv ice  Company (2) 
F. Dubin, ~ub'in-31oome ,Assoc ia tes  (2) 
H. Lorsch, Frankl in Research Center (2) 
D. Wade, Georgia Tech Research I n s t i t u t e  (15) 
P. Anderson, Honeywell Energy Resources Center (2) 
L. Ka t t e r ,  Rocket Research Company ( 2 )  

THIS REPORT SIPERSEDES ANL/ICES-n4-28 -- 




