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I I 

HEATING FACILITIES FOR THE CITY SCHOOLS 

Ephrata , Was h i  ngton 

The f o l l  m i n g  study i s  the r e s u l t  o f  a request t o  the Geo-Heat 
U t i  1 i t a t i  on C m t e r  f o r  Techni ca l  Assistance. 

In t roduct ion 

c i i p a b i l i t y  of pumpiig 2200 gal lons per minute o f  86OF water i n t o  the 
City d r ink ing  water systerr. Other wel ls  ex i s t ,  however t h i s  wel l  by i t s e l f  
can meet the X t y ' s  water demand, 
can be u t i l i z i d  t o  i e a t  the City schools, which are now heated w i t h  o i l  
f i r e d  steam a i d  water bo i lers .  The schools consis t  o f  two elementary 
schools, a middle s2hoo1, and a high school with a separate b o i l e r  f o r  
the w o o d l a g r i x l t u r i l  shop. Except f o r  the shop, each school has a p a i r  
of' bo i l e rs .  rota1 wea for  the school bu i ld ings i s  216,635 square feet,  
arid the average annial f ue l  o i l  consumption over the past f i v e  years i s  
148,368 ga l l o i s .  AI addi t ional  consideration i s  the d e s i r a b i l i t y  o f  
u t i l i z i n g  the water as d r ink ing  water, a f t e r  the heat has been extracted. 
To determine the economic p r a c t i c a l i t y  o f  using the City water t o  heat the 
schools, one ;chool (Middle School) was selected f o r  evaluation. 
were consider2d. Case 1 uses a two stage water-to-water heat pump t o  pro- 
duce a 19OOF :ircul,ating hot  water stream. This would be compatible wi th  
the e x i s t i n g  system and essen t ia l l y  no r e t r o f i t  costs f o r  the room con- 
vect ive h e a t i i g  system would be incurred. 
water-to-water heat pump t o  produce a 140OF c i r c u l a t i n g  ho t  water stream. 
R e t r o f i t  cost; would incur for  addi t ional  room convection equipment. I n  
both cases th. heat pump i s  s ized t o  furn ish the t o t a l  heating and h o t  
water requ i rewn ts  ( D f  the school. However, one o f  the e x i s t i n g  b o i l e r s  
1s l e f t  i n  p l i c e  t o  serve as standby. 

A Summary o f  Co i c l  usions 

heat pumps. 
pimp t o  be mo;t cost  e f fec t i ve ,  having a r e t u r n  on invested cap i ta l  o f  about 
I!%. 
the t o t a l  conversion cost would be about $800,000, This includes a r e t r o f i t  
a'ilowance o f  $100,000. The re tu rn  on investment would be about 19%. Total  
atinual saving; i n  fue l  o i l  consumption would be near ly  150,000 gallons, 
ariounting t o  3 f i r s t  year savings o f  about $134,000. 
would be 1,003 gallons per minute, about 45% f t h a t  avai lable. Annual 
water usage w w l d  be about 90 m i l l i o n  gal lon 
dur ing 1978. This water would be returned t o  the d r ink ing  water system 
a f t e r  ex t rac t i on  o f  heat. 

The C i t . 1  o f  E.Jhrata, Washington has an e x i s t i n g  wel l  t h a t  has the 

City o f f i c i a l s  have asked i f  t h i s  water 

Two cases 

Case 2 uses a s ing le  stage 

I t  i s  eclnomi ca l  l y  p r a c t i c a l  t o  heat the schools using water-to-water 

Pro ject ing the s ing le stage evaluat ion t o  include a l l  the schools, 

The Middle School evaluat ion shows the s ing le stage heat 

Peak water usage 

about 14% of the water used 



-c Heat Requi repmts for  Schools 

&sed on the ;ize of the schools (square footage) and the climatical con- 
d- tions. Cal xlated annual requirements were compared to  the average 
annual fuel o i l  usage taken over a five year period. 
lated i n  Tabll? 1. 

I ! 

Peak and annual heating requirements were estimated using methods 

Results are tabu- 
Important numbers are: 

1. Total peak ener y requirement for a l l  schools, 

2. Total annual en rgy requirement for  a l l  schools, 

3. Total annu,il fuel o i l  consumption, 

10.674 x 10 6 BTU/HR 

t5.618 x 10 5 BTU/YEAR 

I48,36:3 gal 1 ons . 
DE scription 0" - the kiter-to-Water Heat Pump System 

The schools art? heated w i t h  low pressure steam, or circulating hot 
wcter. The h(?at source i s  fuel oil  fired boilers. Water-to-water heat 
pimps were selected for evaluation since they have the capabi l i ty  of pro- 
dicing a hot water circulating stream a t  an elevated temperature. 

See Figure #1 
returned t o  the water system a t  60°F. On the other side of the exchanger 
wzter i s  heated from 50OF t o  75OF. The f i r s t  stage boosts the water tem- 
p6rature t o  l:3OOF and the second stage boosts the temperature t o  1900F. 
THs correspotids t o  the temperature produced by the water boilers. No 
re t rof i t  work related t o  the room convective heaters occurs when this heat 
pimp replaces a water boiler. When substituted for a steam boiler, the 
ccndensate re-:urn p ip ing  needs t o  be larger, and additional room convective 
heating surface is required. A t  peak operating conditions Case 1 requires 
145 gallons per minute of City water and requires 273 KW of e lectr ic  power 
fc r operati on of t h e  centri fuga1 compressors. When the added pumping power 
(18 KW) i s  taken in to  consideration the ralf coefficient of  performance 
i s  2.4. T h i s  eans t h a t  the system p u t  t 2.4 times more heating energy 
t h a n  availablt! the e lectr ic i ty  con 

Case 2 uses a single stage heat pu vate the 8OoF City water 
t c  140oF. Set! Figure 2. 
at 65OF. Since the circulating water is  cooler t h a n  that  produced by the 
bc i l e r  , retro-'i t work w i  11 be necessary. Where the heat.pump is substi- 
t i t ed  for a wiiter boiler the circulating i p i n g  will be large enough, b u t  
acded room coiivective heating surface is  
steam boiler -;he condensate r e t u r n  line must  be enlarged, and an even 
lerger amount of convective heating surface will be required. 
225 gallons per minute o f  City water and 217 W of electr ic i ty  for pumps 
(14 KW) and the compressor. The overall coeffi 

Case 1 u-:ilize!; a two stage heat pump t o  elevate the temperature. 
C i t y  water a t  80OF i s  pumped through a heat exchanger, then 

In this case water is returned t o  the City system 

qui red .  When subs t i t u t ed  for a 

Case 2 requires 

n t  of performance is 3.2. 



. 1 .  
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Cornparin( the two cases , Case 2 has a h igher  c o e f f i c i e n t  o f  per- 
formance (3.2 vs. 2.4), therefore, using a l a rge r  amount o f  City water 
(225 GPM vs. '145 GPCI), bu t  w i l l  requi re  a considerable amount o f  r e t r o f i t  
work. 

- Method f o r  U t i l i z i n g  City Water 

Figure 3 presents a method f o r  ex t rac t ing  heat from the City water, 
then re tu rn iny  i t  t o  the system. The water i s  i so la ted  from the heat 
punp r e f r i g e r i n t  f l u i d ,  and p ip ing  must be i n  accordance w i th  appl icable 

I code requ i remnts  fcw potable water. As noted i n  Figure 3,  check valve #1 
prevents r e c y t l i n g  o f  the discharge from the c i r c u l a t i n g  pump back t o  the 
suction. This i s  necessary t o  insure t h a t  the heat exchanger sees only  
8OoF water. 
charge water c i l u t i r g  the major f low stream, s ince other  heat pump systems 
domstream recu i re  the 8O01' water. This system maintains many o f  the 
advantages o f  the e x i s t i n g  loop system. 
stage heat punips, are connected i n  t h i s  manner the peak requirement f o r  
City water wo i ld  be 1000 gal lons per minute. This i s  less  than 50% o f  the 
e x i s t i n g  pumping capacity o f  City we l l  #lo. 
months, the mclnthly water used would be 12%, o r  less, o f  the amount used 
by the City d i r i n g  those months i n  1978. The annual water passing through 
the s ing le  s t tge  heat pump system i s  estimated t o  be 90 m i l l i o n  gallons. 
This i s  about 14% o f  the water use tabulated f o r  1978. 
stage water-to-water heat pump system about 94 gal lons o f  8OoF water are 
needed f o r  eac h m i  11 i o n  BTU/HR o f  heat produced. 

Cap i ta l  and Ojlerating Costs 

as we l l  as the costs f o r  a l l  the pub l ic  schools pro jected from Case 2. 
Capi ta l  cost  f o r  Case 2 includes an allowance o f  $20,000 f o r  r e t r o f i t  
costs t o  provide addi t ional  room convective heat t rans fe r  surface. An 
allowance o f  $100,000 f o r  s i m i l a r  work i s  included i n  the cap i ta l  costs 
tabulated for a l l  the schools. 
the increased r e t r o f i t  costs incurred when a steam b o i l e r  system i s  
rep 1 aced . 

(heck valve #2 minimizes the p o s s i b i l i t y  o f  the cooled d is -  

I f  a l l  the schools, using s ing le  

For the three co ldest  w in te r  

For the s ing le  

Table 2 summarizes the cap i ta l  and operating costs f o r  Middle School, 

This allowance does take i n t o  considerat ion 

- 

Compari n 3 Case (two stage) t o  Case 2 (s ing le  stage) Case 1 has 
the h i  hestca3ita'l cost  ($220,000 vs $180,000 
cost  ( 3 17,696 per  year vs $12,751 per year). 

mated cap i ta l  cost  i s  $800,000 and the f i r s t  year operat ing cost  i s  
$56,697 per  year. 

he highest operat ing 

Pro jec t iqg  costs using Case 2 t o  inc lude a l l  the schools, the e s t i -  
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I I i I 
EJonomic Com@!ri son 

were compared against an annual savings of 36,191 gallons o f  fuel o i l .  
a value o f  $.!jO per gallon the f i r s t  year savings amounts t o  $32,571.90, 
fc r  each o f  the two cases. 
ccmparisons, -kel o i l  costs were inflated a t  8.5% per year, maintenance 
at  7.0% per ycar, and insurance a t  1% per year. The inflation rate  on 
e lec t r ic i ty  are those forecasted for Oregon by the State Department of 
Energy, and arlount t o  9.5% th rough  1986 and 8.58% thereafter. After 20 
years this in-'lates to  a cost of $.0853 per KWH. A price a f te r  20 years 
at  Ephrata of $.05 per KWH was suggested by Grant County PUD. However, 
the higher  figure was used here, since i t  produces a more conservative 
result i n  these cases where e lec t r ic i ty  is  an operating cost. 

produces 190°1: circulating water, the rate of return on a 100% equity 
investment woiild be about 13%. Referring t o  Table 4, (Case 2 ) ,  a 
single stage heat pump producing 14OoF circulating water, the rate  of 
mturn on a 100% equity investment would be about 19%. Thus ,  Case 2 us ing  
t t e  less comp'ex and less  expensive single stage heat pump has a higher 
ard very favo-able rate o f  return. Projecting Case 2 t o  a l l  the schools, 
as previously indicated the capital investment would be $800,000, and the 
arnual savings of 148,368 gallons of fuel o i l  a t  $.90 per gal lon would 
amount t o  a f rst year savings of $133,531, 

I With Middle School as the basis for evaluation, two heat pump systems 
A t  

For both cases, over the 20 year l i fe  used i n  . 

Referrin!i t o  Table 3, (Case 1 ) ,  which is a two stage heat pump that  
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