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Abstract 

The seasonal operating cost of a small oil or gas-fired boiler 

or fvrnace depends upon the intrinsic merits of the device itself, 

the appropriateness of its capacity and cycle characteristics to the 

imposed load conditions, the weather characteristics and heat loss 

characteristics of the building being heated, and the control philos- 

ophy employed. The current study provides the bases for com- 

paring quantitatively the seasonal operating costs of various spe- 

cific space heating and/or domestic hot water systems, as influenced 

by the device specifics and device interaction with the space con- 

ditioned system that it serves. The resulting formalism is applied 

to various space heating systems. Quantitative cost comparisons are 

presented. 



I. INTRODUCTION AND BACKGROUND 

The cost effective performance of an oil or gas-fired boiler 

or furnace depends upon a number of factors. Some of these factors 

are characteristics solely of the boiler/furnace under considera- 

tion. l Other factors pertain to the coupling mechanisms (e . g. , 
water lines, air ducts, etc.) between energy conversion device and 

the conditioned space it serves. Still other factors pertain to 

the merits of the "sizing" of the energy conversion device and its 

appropriateness when measured against the enthalpy flow demands im- 

posed by the structure it is required to serve. 213 

One may assess the effectiveness of a structure's design and 

operating strategy in making optimum use of a given boiler/furnace 

system. Analyses with these emphases are given elsewhere. lf3 The 

purpose of this analysis is to provide the bases for comparing the 

seasonal operating costs of various specific space heating and/or 

domestic hot water systems, as influenced by the device specifics 

and device interaction with the space conditioned system it serves. - 
A given space conditioning device can have its intrinsic merits 

evaluated in a laboratory. Thus, for example, an oil-fired boiler's 

efficiency is generally characterized in terms of its steady state 

efficiency, ns, and its cycle efficiency curve. Studies have shown 

ns to be a function of a number of operating parameters. It is gen- 

erally found that qs increases with reduced firing rate and that ns 

incredses with reduced boiler temperature (Figures 1 and 2). The 

cycle efficiency curve (cycle efficiency vs. fractional burner "ON - 

TIME") is found to be well defined, once the various operating 



paramete r s  ( i n c l u d i n g  t h e  ON/OFF c o n t r o l  ph i losophy and a  c h a r a c t e r -  

i s t i c  ON TIME) a r e  f i x e d .  Cycle e f f i c i e n c y  c u r v e s  shown f o r  t h r e e  

d i f f e r e n t  o i l - f i r e d  b o i l e r s ,  s u b j e c t  t o  an  o p e r a t i n g  phi losophy and 

a  c h a r a c t e r i s t i c  ON TIME which i s  t y p i c a l  f o r  ( f rame c o n s t r u c t i o n )  

r e s i d e n t i a l  d w e l l i n g s  ( F i g u r e  3) . W e  have p r e v i o u s l y  shown3 t h a t  

h i g h  mass (masonry c o n s t r u c t i o n )  s t r u c t u r e s ,  i n s u l a t e d  e x t e r i o r  t o  

t h e  h i g h  m a s s  s h e l l ,  w i l l  p rov ide  ve ry  long  ON TIMES and c y c l e  e f -  

f i c i e n c y  v a l u e s  v e r y  c l o s e  t o  u n i t y .  

Accord ingly ,  d e v i c e s  which d i s p l a y  v e r y  h i g h  n v a l u e s  and qc 
S 

c u r v e s  which s t a y  c l o s e  t o  u n i t y ,  even a s  t h e  f r a c t i o n a l  ON TIME 

f a l l s  a r e  c o n s i d e r e d  t o  be  o f  h igh  m e r i t  ( h igh  e f f i c i e n c y ) .  Based 

on l a b o r a t o r y  measurements, t h e n ,  t h e  i n t r i n s i c  f i g u r e s  o f  m e r i t  of 

t h e  space  h e a t i n g  d e v i c e  ( b o i l e r )  a r e  de t e rminab le .  

The s e a s o n a l  performance o f  such a w e l l - s t u d i e d  d e v i c e  i s  n o t  - 
de te rminab le  on t h e  b a s i s  o f  l a b o r a t o r y  measurements a lone .  Sea- 

s o n a l  performance i s  u l t i m a t e l y  measured, by t h e  consumer, i n  t e r m s  

o f  o p e r a t i n g  c o s t s  f o r  t h e  i n s t a l l e d  d e v i c e ,  s e r v i n g  a  s p e c i f i c  

house ,  i n  a s p e c i f i c  city, d u r i n g  a s p e c i f i c  h e a t i n g  season ,  sub- 

j e c t  t o  t h e  i n f i n i t u d e  of  house v a r i a b l e s  (house s i z e ,  shape ,  de- 

g r e e  o f  i n s u l a t i o n ,  wind exposure ,  s o l a r  exposure ,  a i r t i g h t n e s s ,  

i n t e r n a l  h e a t  s o u r c e s ,  v e n t i n g ,  s i g h t  topography,  l andscap ing  e f -  

f e c t s ,  e tc . )  a s  w e l l  as v a r i a b l e s  p e r t a i n i n g  t o  t h e  wisdom of  t h e  

h e a t i n g  sys tems '  i n s t a l l a t i o n  ( l i n e  l o s s e s ,  d e s i g n  f i r i n g  r a t e ,  

use/nonuse o f  c o n d i t i o n e d  a i r  f o r  combustion, e tc . )  and s e r v i c i n g  

( c l e a n l i n e s s  of  b o i l e r ,  f u e l  n o z z l e  c l e a n l i n e s s ,  e t c . ) .  One can 

a s s e s s  t h e  performance of  a l a b o r a t o r y  t e s t e d  d e v i c e  ( a s  w e l l  a s  a 

n o n t e s t e d  one)  i n  a  s p e c i f i c  s i t u a t i o n  ( s p e c i f i c  house,  i n s t a l l a t i o n ,  



city, heating season, subject to the vagaries of a specific family's 

operation of their home) by recording the total seasonal energy usage 

(and the associated costs) for space heating. A knowledge of the 

boiler's efficiency characteristics is not needed to make such an 

in the field determination. 
V 

In this work we apply laboratory derived efficiency measurements 

1. estimate the expected seasonal performance (cost) of a 

properly installed (and serviced) space heating device-- 

when coupled to a structure whose standard thermal fea- 

tures are to be characterized. 

2 .  compare the effects of device efficiencies (11, and nc) 

on the expected seasonal performace (cost). 

As noted earlier, the expected in-the-field seasonal performance can 
, 

be influenced by a very large number of factors. 

In-the-field determination of seasonal costs vary from instal- 

lation-to-installation and require total energy usage (and cost) 

data, not necessarily efficiency data. The intrinsic efficiencies 

of a given oil-fired boiler may be central to the seasonal perfor- 

mance of a given installation, but seasonal performance pertains to 

the entire system properties (house with all its subsystems and in- 

teractions) and not to the space-heating source alone. 

It is t h u s  c1.ear that any analytic model designed to evaluate 

t h e  seasonal performance of a space-heating system must include cer- 

tain features. Without these features adequately specified, the 

system itself will be found to be inadequately specified. These are 

found to be the system (house) characteristics necessary to specify 



the seasonal operational history (and energy usage history). of the 

space heating device. It is the space.heating device's seasonal op- 

erating (and energy usage) history which determines.seasona1 cost. 

In this work, we incl.ude only those system (house plus subsystem plus 

interactions) characteristics which are "necessary." Our definition i 

of "necessary" embraces. the following: 

1. A specified design heat load fnr a frame stri.lcture. 

2. An hourly temperature history (and heating load) for the 

structure. 

3. Specifics of the domestic hot water load that the system 

(house) is to require. 

4. The intrinsic merits and the operating characteristics of 

the oil-fired device that serves the overall system (the 

structure) . 
The above four features are "necessary" to any adequate analytic 

model. One may also consider one or more of the very many con- 

straints which (in an i n - t h e - f i e l d * i n s t a l l a t i o n )  may serve to de- 

grade ?seasonal performance." As detailed earlier, these include 

duct/line losses, unwise house venting, unwise boiler installation 

(e.q., use of conditioned air for combustion and off-cycle stack 

venting), etc,. ... If we were to include these features, however, 

we would be including unnecessary features. Their inclusion would 

obfuscate the purposes of the analysis. Our purpose is to provide 

an assessment of the seasonal performance of a specific system 

(house) employing a wisely installed and properly operated, specific 

oil-fired boiler under specified seasonal load conditions. 



Thus, the myriad additional interactions which are capable of 

degrading a system's performance are taken to be "unnecessary." 

Wise installation and proper maintenance and operation would elimi- 

nate them. Their inclusion would detract from our central purposes-- 

to rationally evaluate and compare the seasonal performances of a 

specific characteristic system (house), as determined by necessary 

feature 4, the intrinsic merits of the device--properly and wisely 

installed, operated and maintained. 

Before proceeding with this analysis, we recognize the exis- 

tence and importance of other studies415 whose purposes are to iden- 

tify and evaluate the many ways in which unwise installations and 

operational constraints can (unnecessarily) degrade seasonal per- 

formance. Those studies have helped us understand the costs incur- 

red by unnecessarily degraded systems. 

11. ENTHALPY BALANCES AND SEASONAL USAGE OF FUEL 

The seasonal performance of a given boiler/furnace-heated sys- 

tem (structure with all its subsystems) is measured in terms of the 

seasonal heating energy costs for the sys lem.  We may use thia acs- 

sonal performance (cost) as an installed figure of merit for the - -- 
boiler/furnace subsystem - if the installation is fully comparable 

to that which applies to the determination of an installed figure 

of merit for some competitive system (boiler, furnace, heat pump, 

etc.). Without standardization of this kind, comparison of two 

figures of merit (e.g., for two competing space heating devices) 

would have little meaning. 



To d e r i v e  such a  f i g u r e  of m e r i t ,  w e  cons ide r  f i r s t  t h e  energy 

d e l i v e r y  r a t e  of a  b o i l e r / f u r n a c e  of i n t e r e s t - - a s  it i n t e r a c t s  wi th  

t h e  hour ly  demands of t h e  heated  s t r u c t u r e  it i s  designed t o  se rve .  

fifncnsAc +C s,, = L + H~ , f o r  T c < T* 

Symbol d e f i n i t i o n s  appear  i n  a  nomenclature s e c t i o n .  

I n  equa t ion  ( I ) ,  t h e  hour ly  load,L,  does n o t  inc lude  a l l  t h e  

source  and s i n k  t e r m s  t h a t  may be o t h e r  than  l i n e a r  f u n c t i o n s  of  

t h e  d imensionless  tempera ture  d i f f e r e n c e ,  T. These t e r m s  appear  i n  

t h e  summation, XS,,, and may inc lude  such d i v e r s e  sources  a s  t h e  

h e a t i n g  o u t p u t  of  k i t c h e n  app l i ances ,  e l e c t r i c  l i g h t i n g ,  t h e  energy 

o u t p u t  of l i v i n g  occupants ,  e t c .  S,, may a l s o  i n c l u d e  such d i v e r s e  

s i n k s  a s  v e n t i n g  of  cond i t ioned  a i r  by unwisely i n s t a l l e d  b o i l e r s /  

fu rnaces ,  by e x t e r n a l l y  vented c l o t h e s  d r y e r s ,  bathroom and k i t chen  

v e n t s ,  e t c .  

I n  o r d e r  t o  provide  a  f i g u r e  of m e r i t  f o r  a g iven i n s t a l l e d  

p i e c e  of equipment, unencumbered by unnecessary b u i l d i n g  c h a r a c t e r -  

i s t i c s ,  w e  cons ide r  t h e  h e a t i n g  dev ice  of i n t e r e s t  t o  i n t e r a c t  wi th  

a  b u i l d i n g  system f o r  which 'E - 0. Equation (1) may then  be  ,, 
r e w r i t t e n :  

m r, T-, A = X d T  I IIo f c s c  f o r  T < T" 
C 

Corresponding s t e a d y  s t a t e  c o n d i t i o n s  g i v e  



The "overfiring ratio" generally has a value, a > 1, reflecting con- 

siderations of domestic hot water supply. It has been shown else- 

where 2t4 that u should be taken as small as possible, in order to 

assure optimum overall efficiency ( t)  values. 
Note that for commonly encountered2 operating cycles (frame 

structures) one can correlate rlc as a function of the ratio 

(fif/fif , . Thus, for a given characteristic ON TIME (cycle 

characteristic) 

rlc = m (rnf/fiftd) 

where the functional dependence of equation (3) is determined in 

the laboratory for any given piece of apparatus. Inasmuch as 213 

it follows that if enters equation (1) in a nonlinear fashion. 

Combining (2a) and (2b) gives for (Tc < T*) : 

Thus, during any given hour characterized by TcIi, the actual fuel 

mass flow rate is 

Given ni hours per season which have a characteristic temperature, 

Tcli (where Tc 
< T* for all i) we may write the resulting total 

1 i 



fuel usage 

Then, summing over T . < T* values, the total annual heating c,i 

season fuel usage is obtained 

In order to obtain the corresponding total annual fuel usage 

M2, for the nonheating season, we note that for Tc - > T* 

where t* is a nonlinear function of k f .  Thus, the total mass of 

fuel used for domestic hot water (nonheating season) is given by 

Correspondingly, for a "perfect' system (nc = us = 1) 

The total mass ot fuel used during the year is given by 



where t h e  s p e c i f i c  c o s t  d a t a  may be  used t o  c a l c u l a t e  ( f rom e q u a t i o n  

( 1 2 ) )  t h e  s e a s o n a l  c o s t  f o r  f u e l  o i l .  To t h i s  c o s t  must b e  added 

t h e  s e a s o n a l  c o s t s  o f  a l l  e l e c t r i c a l l y  e n e r g i z e d  a u x i l i a r y  equipment 

( o i l  pump, a i r  f a n ,  wa te r  c i r c u l a t o r ) .  

W e  may a l s o  d e f i n e  a ' s e a s o n a l  Performance F a c t o r  (SPF) i n  t e r m s  

o f  ( M / M p ) ,  where M i s  t h e  f u e l  mass t h a t w o u l d  have been consumed 
P  

by a  ( p h y s i c a l l y  unob ta inab le )  " p e r f e c t "  system ( t  = 1) . To f i n d  

t h e  va lue  o f  

W e  n o t e  t h a t  ( M  ) and ( M  ) a r e  o b t a i n e d  from e q u a t i o n s  ( 8 )  , (10)  , 
1 P 2 P 

and (11). 

The Seasonal  Performance F a c t o r  may be  t aken  a s  a  " f i g u r e  o f  

m e r i t . "  W e  may t h e n  choose t o  d e f i n e  it a s  fo l lows :  

M 
(SPF) $ 

W e  w i l l  f i n d  t h a t  t h e  (SPF) s o  d e f i n e d  i s  - n o t  needed i n  o r d e r  

t o  c a l c u l a t e  s e a s o n a l  o p e r a t i n g  c o s t s  f o r  energy  usage.  Ra the r ,  t h e  

(SPF) s o  d e f i n e d  may b e  used a s  a  measure o f  t h e  d i r e c t  f o s s i l  I u e l  

- usage e f f i c i e n c y - - n o t  i n c l u d i n g  t h e  c o s t s  t h a t  d e r i v e  from t h e  use  

o f  e l e c t r i c a l l y  e n e r g i z e d  componcnts. 

111. MODE OF APPLICATION . 

Seasona l  performance ( c o s t )  i s  c a l c u l a t e d  d i r e c t l y  from a know- 

l e d g e  o f  t h e  f o s s i l  f u e l  (and e lec t r ica l )  energy  consumed by t h e  



installed space heating device, interacting with the characteristic 

structure it serves. Laboratory-determined values of (qS) and (q ) 
C 

are employed in the calculation of seasonal performance of several 

oil-fired boiler systems. Such application may proceed, calcula- 

tionally, in a number of ways. Consider, for example., that equa- 

tion (6) can be rewritten as 

where (Ai) is the left-hand side of equation (15) . . ) is the 
1 

right-hand side of equation (15). For an installed piece of equip- 

ment, we generally have the following information: The design heat 

load, Xd; the average hourly domestic hot w a . t e r  to be provided, I1 - 
0' 

the heat ot combustion of the 'fuel, A = :  the (laboratory ncccrto insd)  

value of the steady state efficiency, qs; and the firing rate ("noz- 

zle size" in hourly mass flow rate) , fif Accardi~~yly , we Calcu- 

late the "overfiring ratio," a, from equation (2). 

For a given outside temperature, TCIi, a given (design) in- 

terior temperature T* and a given (design) outside temperature, Td, 

we find that the right-hand side of equation (IS), &, is fully 
specified and calculable. The cycle efficiency, qc, is found to be 

a simple monotonic function of thc burner fractional on time 

(fif/fiffd). Accordingly, one may use laboratory determined curves 



(such a s  t h o s e  shown i n  F i g u r e  3 )  of  ( n C )  VS. (f if /f ifId) t o  de termine  

t h e  unique p roduc t  ( n c I i )  ( f i f f i / f i f Id)  which s a t i s f i e s  t h e  l e f t -hand  

s i d e  of  equa t ion  (15)  , 

Thus, f o r  any g iven  e x t e r i o r  hour ly  t empera tu re ,  Ti, t h e  correspond- 

i n g  c y c l e  e f f i c i e n c y ,  ( n c ,  i )  , - and t h e  hour ly  mass f low r a t e ,  (fif ) 
1 i 

a r e  e a s i l y  found. 

Equat ion (15) i s  s i m i l a r l y  a p p l i e d  f o r  each p o s s i b l e  hour ly  

tempera ture  of  i n t e r e s t ,  TcIi = (Td),  (Td+l) , (Td+2) , . . . . (T*-1) . 
This  y i e l d s  a  t a b l e  of  v a l u e s  of 

( q c  
) and (f i f I i / f i f Id)  a s  a  func- 

I i 
t i o n  of  o u t s i d e  tempera ture .  

Examination of  t h e  weather  d a t a  f o r  any g iven  l o c a l i t y ,  d u r i n g  

any g iven  h e a t i n g  season,  pe rmi t s  t h e  t a b u l a t i o n  of  a  c h a r t  o f  (ni)  

va lues- - the  number of  s e a s o n a l  h e a t i n g  hours  t h a t  cor respond t o  each  

v a l u e  of  t h e  o u t s i d e  tempera ture ,  T c , i  . Thus, a l l  necessa ry  hour ly  

d a t a  a r e  a v a i l a b l e  f o r  c a l c u l a t i o n  o f  t h e  summation g iven  by equa- 

t i o n  (8 ) - - the  t o t a l  m a s s  o f  f u e l  used d u r i n g  t h e  h e a t i n g  season ,  

M 
1 - Tn f i n d  t h e  t o t a l  mass of f u e l  used ove r  a  twelve-month p e r i o d  

( f o r  bo th  h e a t i n g  and domest ic  h o t  w a t e r )  one adds t h e  t o t a l  mass 

of  f u e l  used f o r  domest ic  h o t  w a t e r  d u r i n g  t h e  nonheat ing  season,  

M2.  
Thus e q u a t i o n  (12)  y i e l d s  t h e  t o t a l  twelve-month usage of  fos-  

s i l  f u e l  f o r  h e a t i n g  and domest ic  ho t  wa te r .  

The t o t a l  annual  e l lergy c o s t s  for t h c  syctcm a r e  g iven  by 



where t h e  f i r s t  term on t h e  r ight -hand s i d e  of  (16)  g i v e s  t h e  annual  

f o s s i l  f u e l  c o s t s  and t h e  f i n a l  c l u s t e r  of t e r m s  g i v e s  t h e  annual  

e l e c t r i c a l  c o s t s  (pumps, f a n s ,  c i r c u l a t o r s ,  e t c . ) .  

I V .  SOME APPLICATIONS TO OIL-FIRED BOILERS 

The s e a s o n a l  performance fo rmula t ion  may be  a p p l i e d  t o  any 

f o s s i l  f u e l - f i r e d  system, once w e  s p e c i f y  

h o u r l y  ( d e s i g n )  f i r i n g  r a t e  

d e s i g n  h e a t  l o a d  f o r  t h e  s t r u c t u r e  ( cond i t ioned  space)  

t h e  s t r u c t u r e ' s  weather  expe r i ence  d u r i n g  t h e  p e r i o d  of 

i n t e r e s t  (ni  v s .  Tc, i )  

t h e  d e s i g n  domest ic  h o t  wa te r  l o a d  

d e s i g n  indoor  t empera tu re  

t h e  ( l a b o r a t o r y  determined v a l u e  o f )  s t e a d y  s t a t e  e f f i c i e n c y  

' t h e  ( l a b o r a t o r y  determined cu rve  o f )  c y c l e  e f f i c i e n c y  vs .  
. . .  

f r a c t i o n a l  on timc, f o r  n q i v e n  oparaLio11~l1  nude. 

The fo rmula t ion  has been a p p l i c d  t o  t h e  caaes of Llir'et! d i f f e r -  

e n t  b o i l e r  sys tems,  each  s e r v i n g  a s t r u c t u r e  f o r  which Xd = 50,000 

Btuh. Hourly weather  d a t a  w e r e  t aken6 f o r  a  ten-year  (hour-by-hour) 

ave rage  f o r  t h e  Met ropo l i t an  New York C i t y  a r e a .  I n  a l l  c a s e s ,  prop- 

p e r  i n s t a l l a t i o n ,  s e r v i c e  and maintenance a r e  assumed t o  app ly .  

F u r t h e r  d i s c u s s i o n  of  t h e s e  c a l c u l a t i o n s  i s  q iven  i n  t h e  Appendix. 

The t h r e e  b o i l e r  systems s t u d i e d  are each commercially a v a i l -  

a b l e  u n i t s .  I n  o r d e r  o f  d e c r e a s i n g  performance, t h e y  a r e  d e s i g n a t e d  

Lo be b u i l e r s  [ A ] ,  [B], and [Cl, r e s p e c t i v e l y .  F i g u r e s  ( 2 )  and ( 3 )  

g i v e  t h e  s t e a d y  state and c y c l e  e f f i c i e n c y  d a t a  employed i n  t h i s  



calculation.. Data for Figures (2.) and (3) were determined in the 

laboratories of Brookhaven National Laboratory. 

Tables (1) -(3) give the total annual fossil fuel usage (in 

gallons of number 2 fuel oil per year) for a number of overfiring 

ratios and domestic hot water loads. We note that a = 1 usage cor- 

responds to number 2 fuel oil firing rates which are lower than 

0.75 gals/hr. Rates below 0.75 gals/hr are smaller than those 

characteristically encountered in the field, although equipment 

currently under test at BNL can be utilized at these low firing 

rates. All cases of a = 2 or a = 3 correspond to firing rates 

greater than 0.75 gals/hr. 

It is clear that Boiler [A] is better than ~o'iler [B], which 

is in turn better than Boiler [C]. One may assess the seasonal 

efficiency of each of these boilers (based on the efficiency in 

the direct use of fossil fuel energy alone) by determining the ap- 

propriate Seasonal Performance Factors. As noted earlier, such 

SPF values are not needed in order to calculate seasonal costs 

(from equation (16)), which must include electrical energy costs 

as well. Nevertheless, such SPF values are useful bases for com- 

parison of tke installed seasonal efficiencies (based on oil usage 

only) of oil-fired boilers. Seasonal Performance Factors for 

Boilers [A] , [B] , and [C] are shown in Tables (4) - (6) . Summer 

only SPF values are distressingly low. Nevertheless, these low 

(summer only) values have only a modest effect on the annual SPF 

(overall twelve-month period). This result derived directly from 

the fact that summer, highly inefficient fuel oil usage consumes 

only a small fraction of the (overall) annual fuel oil usage. 



One may also compare the possible range of seasonal direct 

fossil fuel usage rates by normalizing the values of Tables (1)-(3) 

in terms of the minimum value (993 gals of number 2 fuel oil) ob- 

tained. Table 7 gives the Direct Annual Fossil Fuel Usage Ratios 

for Boilers [A], [Bl , and [Cl . 
Examination of the tabulated results, Tables (1)-(7), shows 

that the performance of Boiler [A] benefits both from its very 

fine (qg) value as well as from its very desirable ( n  ) vs. 
C 

(fif/fifId) curve (Figure 3). Also, for currently available firing 

rates Boiler [A] can provide seasonal efficiencies in the range of 

(76.6% to 78.5%). 

Contrasting to the best performance of [A], we f i nd  , t h a t  

Boiler [C] may have seasonal efficiencies that are substantially 

lower. 

It is important to recall that all calculations presented are 

based on the assumption of wise and proper installation, maintenance, 

servicing, and cleaning of all equipment. 

As has been noted elsewhere, 5 ,2,4,5 in~p~opes/unwiss inctalla- 

tion, sizing, operation, maintenance and servicing can degrade the 

performance of any space conditioning system--including the ones 

studied here. 

In order to calculate the annual energy operating costs for 

each of these boilers, one must know 

1. the number of kilowatt-hours of electrical energy used 

by each device; when its oil pump, circulator, fan, etc. 

is operating 

2. the annual number of hours during which each such com- 

ponent operates, for each device 



3. t h e  c o s t  o f  e l e c t r i c a l  ene rgy ,  p e r  k i l l o w a t t  hour 

4. t h e  c o s t  o f  number 2  f u e l  o i l ,  p e r  g a l l o n .  

I t e m  ( 2 )  i s  d e r i v a b l e  from t h e  a n a l y s i s  p r e v i o u s l y  p r e s e n t e d .  

Consequent ly ,  i t e m  (1) is  d i r e c t l y  c a l c u l a b l e .  I t e m s  ( 3 )  and ( 4 )  

may v a r y ,  acco rd ing  t o  l o c a l e ,  customer usage p a t t e r n ,  and w i t h  t h e  

o t h e r  numerous f a c t o r s  which a f f e c t  t h e  p r i c i n g  o f  e l e c t r i c a l  en- 

e rgy .  Tab le s  ( 8 ) - ( 1 0 )  show t h e  e l e c t r i c a l  energy  usage p a t t e r n s  , 

f o r  B o i l e r s  [A], [B] , and [C] r e s p e c t i v e l y .  Although v a r i a t i o n s  

i n  i n s t a l l a t i o n s  may be expec ted ,  t h e  fo l lowing  t y p i c a l  power con- 

sumption r a t e s  a r e  assumed. A c i r c u l a t o r  i s  assumed t o  o p e r a t e  a t  

0.200 Kwatts.  The a i r  f a n  p l u s  o i l  pump a r e  t a k e n  t o  o p e r a t e  a t  

0.200 Kwatts.  C a l c u l a t e d  r e s u l t s  a r e  shown i n  Tab les  ( 8 ) - ( 1 0 ) .  

T o t a l  annual  o p e r a t i n g  c o s t s  (number 2  f u e l  o i l  p l u s  e lec t r i -  

c a l  ene rgy)  a r e  d i r e c t l y  c a l c u l a b l e  from t h e  d a t a  o f  Tab le s  ( 1 ) - ( 3 )  

and ( 8 ) - ( l o ) ,  i n c l u s i v e .  Cos t  d a t a  f o r  o i l  and e l e c t r i c a l  energy  

a r e  r e q u i r e d .  I n  r e c e n t  y e a r s ,  such  c o s t  d a t a  hve changed r a p i d l y .  

N e v e r t h e l e s s ,  u s i n g  f i g u r e s  t h a t  appear  t o  be c u r r e n t l y  a p p l i c a b l e  

t o  c e n t r a l  and e a s t e r n  Long I s l a n d ,  New York, w e  d e r i v e  t h e  c o s t  

. da t a  o f  F i g u r e  (11) - ( 1 3 )  i n c l u s i v e .  I t  i s  s e e n  t h a t  B o i l e r  [A] 

s u s t a i n s  v e r y  modest c o s t  i n c r e a s e s  due t o  i n c r e a s e d  o v e r f i r i n g  

r a t i o s .  T h i s  i s  l a r g e l y  due t o  t h e  e x c e l l e n t  ( q C )  c h a r a c t e r i s t i c s  

o f  t h i s  b o i l e r  ( F i g u r e  3 ) .  Boilers [B] and [C] a n n u a l l y  use  abou t  

t h e  same e l e c t r i c a l  energy  as does  [A]. These l a t t e r  two b o i l e r s ,  

due t o  t h e i r  lower ( n c )  and  ( q s )  v a l u e s  are more c o s t l y  t o  o p e r a t e .  



V. COMPARISON WITH AN AIR-TO-AIR HEAT PUMP 

The application of the seasonal performance formulation for 

oil-fired boilers (previous section) was made for a 50,000 Btuh 

space heating load. The formulation is easily applicable to other 

constraints'of fuel type,' firing rate, heating load, weather, and 

climate. Such applications are currently under way and will be re- 

ported at a later time. 

Recent -- in situ tests of a given high quality air-to-air heat 

pump have been carried out by the National Bureau of Standards 5 

for a 50,000 Btuh space heating load. The heat pump in question 

was sized to meet the design heating load (an unusual feature), 

thereby permitting only minimal use of ordinary resistance heating 

for heat pump output augmentation at temperatures below the bal- 

ance point. This strategy does increase cycle losses at high op- 

erating temperatures, however. 

NBS measured performance data are shown in Table 14 (from 

reference 5 )  . 
The data of reference (5) may be used directly with the 

weather data for Metropolitan New York (see previous sections) to 

deduce a seasonal performance for a 50,000 Btuh heat load. In 

order that the so-calculated results be comparable to those pre- 

viously obtained for oil-fired boilers, we again a s s l i m e  prnper in- 

stallation, maintenance, and operation. Thus, for example, duct 

losses, etc. are considered not to exist. Results of this calcu- 

lation are shown in Table 15. Further discussion of these calcu- 

lations is given in the Appendix. It is assumed that resistance 



heat (COP of unity) is employed to supply domestic hot water. Costs 

are illustrated for $0.03 per kwt-hr to $0.05 per kwt-hr. Costs per 

kwt-hr may vary substantially with regional conditions. At this 

writing, costs for heat pump users in central and eastern Long Is- 

land, New York are approximately $0.035 per kwt-hr. 

It is hoped that more extensive heat pump operating data will 

be forthcoming from the various national laboratories at an early 

date, thereby permitting a more comprehensive characterization of 

estimated annual performances. 

Comparison of these limited data for oil-fired boilers and the 

specific heat pump installation examined indicates that, ' 

1. Resistance heated domestic hot water degrades the seasonal 

COP for an air-to-air heat pump (Tables 14 and 15). 

'2. An oil-fired boiler employed to also furnish domestic hot ' 

water has its seasonal performance less strikingly ef- 

fected (Tables 1-13) . 
3. The best of the three oil-fired units (Boiler [A]) provid- 

ing 120 gals/day of domestic hot water has seasonal energy 

costs of $682 (for an overfiring ratio of ci = 2). 

4. The heat pump system studied, providing 120 gals/day of 

domestic hot water (same hour-by-hour heating load as 

Boiler [A]) and using electrical energy at ~(3.035 per kwt- 

hr has seasonal heating energy costs of $1092. Kwt-hr 

costs of electrical energy have been found to vary sub- 

stantially with regional location, with time, and with the 

"user class" of the electric utility customer. This ap- 

pears to be less true for users of oil. 



VI. CONCLUDING REMARKS 

All space conditioning devices have intrinsic merits/deficien- 

cies which govern their operating ability to deliver heating/cool- 

ing services efficiently to the conditioned 'spaces that they are 

asked to serve. Over and above the intrinsic merits of a space con- 

ditioning device,.seasonal performance analyses must include the 

essential characteristics of the conditioned space so served. These 

essential characteristics include the structure's design heating 

load, the detailed weather (exterior) conditions of interest, and 

the operating (control) philosophy for the overall system. Taken 

together with the energy conversion capacity of the device, as well 

as its steady state and cyclic figures of merit, these systems char- 

acteristics permit the calculation of the seasonal performance of 

the overall system. 

In order to assure an equitable basis for comparison of the 

performance of various competing devices, it is found useful to 

omit consideration of the myriad performance degradations that de- 

rive from improper/unwise installation, maintenance, servicing, and 

operation of any device of interest. 

For the case of oil or. gas-fired boilers (or furnaces), the 

formulation given in this report can be employed, in conjunction 

with laboratory-determined boiler/furnace efficiency data to de- 

termine seasonal performance (seasonal energy usage) and seasonal 

costs. For the case of a given boiler, (nS) and (qC) values can 

be determined in the laboratory. Once the other parametric vari- 

ables are specified (e.g., design firing rate, seasonal weather 



history, domestic hot water usage, design heat load, etc.) the cal- 

culation is straightforward. Some details of such calculations are 

given in the Appendix. 

Application of the formulation is illustrated for' three oil- 

fired boiler systems of varying intrinsic merits. The basic effi- 

ciency data for the calculation were obtained at Brookhaven National 

Laboratory. For purposes of an equitable comparison with another 

space heating device, National Bureau of Standards data on the Co- 

efficient of Performance of a high quality air-to-air heat pump 

were employed (together with the identical assumptions regarding 

the conditioned space and weather conditions). Results of the com- 

parison of the four systems studied (the oil-fired boilers plus one 

heat pump) are presented. 

The formulation is being currently utilized in a more exten- 

sive study of a range of devices and operating conditions. 



V I I .  NOMENCLATURE 

'e - Hourly o p e r a t i n g  c o s t s  o f  t h e  e l e c t r i c a l  components o f  
a  f o s s i l - f u e l - f i r e d  s p a c e  h e a t i n g  (and domes t ic  h o t  
w a t e r )  sys tem ( d o l l a r s / h o u r )  . 

'm - S p e c i f i c  f o s s i l  f u e l  c o s t s  ( d o l l a r s  p e r  pound of  f u e l ) .  

Ct - Annual ene rgy  c o s t s  f o r  t h e  system ( d o l l a r s  p e r  y e a r ) .  

*o - Domestic h o t  w a t e r  . l o a d  (Btu /hr )  . 
L - Heat  l o s s  ( l o a d )  f o r  c o n d i t i o n e d  s p a c e  of a c h a r a c t e r -  

i s t i c  s t r u c t u r e  (Btu /hr )  . 
d .  - Desiqn h e a t  l o s s  ( l . aad)  f o r  c o n d i t i o n e d  s p a c e  of a 

c h a r a c t e r i s t i c  s t r u c t u r e  (Btu /hr )  . 
m f  - Mass f low r a t e  of  f u e l ,  a c t u a l  ( l b s / h r ) .  

m 
f , d  

- Mass f low r a t e  of f u e l ,  d e s i g n  ( l b s / h r ) .  

fi*f - Mass f low r a t e  o f  f u e l  d u r i n g  t h e  nonhea t ing  s e a s o n ,  
a c t u a l  ( l b s / h r )  . 

M - T o t a l  mass of  f u e l  used d u r i n g  t h e  y e a r  ( l b s ) .  

M1 - T o t a l  mass of  f u e l  used d u r i n g  t h e  h e a t i n g  season  ( l b s ) .  

M2 - T o t a l  mass o f  f u e l  used d u r i n g  t h e  nonhea t ing  season  
( l b s )  . 

M 
IP 

- Tota l  mass of  f u c l  that would be uswl  d u r i n g  the h e a t i n g  
season by a ( p c r f c c t )  system f o r  w11it:I i  a l l  r, valuss  are 
u n i t y  ( l b s )  . 

M - T o t a l  mass of  f u e l  t h a t  would be  used d u r i n g  t h e  nonhea t inq  
2~ s e a s o s ~  Ly d (perfect) sys tem t o r  which a l l  v a l u e s  a r e  

u n i t y  ( l b s )  . 
n .  - Nllrnh~r nf hour s  i n  t h e  ycar having a c h a ~ a c l e r i s t l e  
- -  i ou tdoor  t e m p e r a t u r e ,  T-, ,  d u r i n g  t h e  h e a t i n g  season  

n* - T o t a l  ilurcher of h o u r s  i n  t h e  nonhea t ing  season  (Tc 2 T*) 

S1l 
- Heat  s o u r c e  o r  s i n k ,  of  t h e  uth  k i n d ,  i n  t h e  c o n d i t i o n e d  

s p a c e  (B tu /h r )  . 
T - Temperature  ( O F ) .  



Characteristic outside temperature (OR) . 
Characteristic outside temperature of the ith value 
(OR). 

Outside temperature used for design heat loss calcula- 
tions for the conditioned space ( R). 

0 Temperature of the conditioned space ( R). 

The overf iring ratio. 

Heat of combustion of fuel (Btu/lb) 

Overall efficiency of the boiler/furnace 

Overall efficiency during the nonheating season 

Cycle efficiency 

Cycle efficiency during the nonheating season. 

Overall efficiency when the outside characteristic 
temperature has a value Tcfi. 

Dimensionless temperature difference for the conditioned 
space, [ (T* - Tc)/(T* - Td) 1 

An experimentally determined function that relates the 
cycle efficiency to the actual (and design) firing 
rates of a boiler/furnace, for a given characteristic 
cycle. 

Heating season electrical power requirements for fossil- 
fuel-fired system during ON mode, 

Summer season electrical power requirements for fossil- 
fuel-fired ~ystem during ON mode. 



Table 1, Boiler [A1 

Annual Usage of Number 2 Fuel Oil Per Year (gallons/year). N.Y. 

Metropolitan Area. Ten-year hourly weather data; 8-month heating 

plus 12 month domestic hot water. For a = 1, fi < 0 .75  gal/hr. 
f ,d 

For a = 2 and a = 3, A > 0.75 gal/hr. 
f,d 

Table 2, Boilor [B] 
- .- 

Annual Usage of Number . ---- 2 Fuel Oil Per Year (gaLLons/year). N.Y. -- . . .- . . - . . - . . . . . . - .- -- 
Metropolitan Area. Ten year hour1.y weather data: 8 m ~ n t h  heating 

plus 12 month domestic hot water. For a = 1, fi. < 0.75 gal/hr. 
f,d 

For & = 2 and a = 3, df,d > 0.75 gal/hr. 



Table 3, Boiler [Cl 

Annual Usage of Number 2 Fuel Oil Per Year (gallons/year). N.Y. 

Metropolitan Area. Ten year hourly weather data; 8 month heating 

plus 12 month domestic hot water. For a = 1, rhf,d < 0.75 gal/hr. 

For a = 2 and a = 3, rh > 0.75 gal/hr. 
f,d 

Table 4, Boiler [A1 

Seasonal Performance Factor (SPF) for Boiler [A]. N.Y. Metropoli- 

tan Area. Ten year hourly weather data. 

0 4 0 8 0 12 0 
gal/day gal/day gal/day Season 

1 .8069 .7869 .79 38 .7963 12 months 

- - - .4513 .6213 .6787 Summer 
Only 

2 .7845 .7302 .7522 .7663 12 months 

-- - .2372 .4406 - 5 7 4 9  Summer 
Only 

- -- 

3 .7529 .6729 .6948 .7146 12 months 

--- .I607 .3035 .4304 Summer 
Only 



Table 5, Boiler [B] 

Seasonal Performance Factor (SPF) for Boiler [BI. 

0 4 0 8 0 120 
gal/day gal/day gal/day Season 

1 .7247 .6785 .69 39 -7069 12 months 

--- ,2308 .3999 .5181 Summer 
Only 

2 ,  .6435 .59 37 -5999 .6138 12 months 

-- - .I415 ,2261 .3063 Summer 
Only 

3 -6043 .5308 . .5298 .5394 12 months 

--- , .I118 .I682 .2216 Summer 
Only 

Table 6, Ruil.er [Cl 

Seasonal Performance Factor (SPF) for~Joiler [C] . 

0 4 0 8 0 120 
gsl/day gal/day gal/day Season 

1 , .6723 .6338 .6447 .6565 12 months I - - - .2315 -3787 .4906 Summer 
Onlv 

I .6242 .5695 -5704 .5803 12 months I --- .I538 .2274 .2972 Summer 
Only 

13 .5725 .5147 .5111 .5166 12 months 
I i --- -1247 .I769 .2235 Summer 

Only 



Table 7 

Normalized Annual Consumption of Number 2 Fuel Oil for Various 

Conditions 

I 

0 4 0 8 0 120 ! 

gal/day gal/day gal/day Boiler i 
! 

1 1.000 1.135 1.233 1.337 A 

1 1.113 1.316 1.411 1.533 B . 

1 1.200 1.409 1.518 1.622 C 

2 1.029 1.223 1.301 1.390 A 

2 1.218 1.504 1.632 1.735 B 

2 1.293 1.568 1.716 1.835 C 

3 1.072 1.327 1.409 1.491 A 

13 1.335 
1.682 1.848 1.975 B 

( 3  1.409 1.735 1.916 2.062 C 

Table 8, Boiler [A] 

Annual Electrical Usage (kwt-hr). 



Table 9, Boiler [B] 

Annual Electrical Usage (kwt-hr) 

Table 10, Boiler [C] 

Annual Electrical Usage (kwt-hr) 



Table 11, Boiler [A] 

Annual Operating Costs. N.Y. Metropolitan Area. Cost bases: 

(1) Number 2 fuel oil @ $0.47/gal, (2) electrical energy @ 

$0.045/kwt-hr. Energy usage based on Tables 1 and 8. 

0 4 0 8 0 120 
gal/day gal/day gal/day 

1 $467 $530 $575 $624 Oi 1 
4 0 4 2 4 4 4 5 Elec . 

$507 $572 $619 $669 Total 

2 $480 $5 7 1 $607 $649 Oil 
3 0 3 2 3 3 3 3 Elec. 

$510 $603 $640 $682 Total 

3 $500 $619 $657 $696 Oil 
2 7 2 9 29 2 9 Elec. 

$527 $648 $686 $725 Total 
I 

Table 12, Boiler [B] 

Annual Operating Costs. Metropolitan N.Y. Area. Cost bases: 

(1) Number 2 fuel oil @ $0.47/gal, (2) electrical energy @ 

$0.045/kwt-hr. Energy usage based on data of Tables 2 and 9. 

0 4 0 8 0 120 
gsl/day gal/day ga 1 /day 

1 $519 $614 $658 $715 Oil , 

4 1 4 4 4 5 4 6 Elec. I 
$560 $658 $703 $761 Total 

2 $568 $702 $7 6 1 $810 Oil 
3 2 3 4 3 5 3 5 Elec . 

$600 $736 $796 $m Total 

3 $623 $785 $862 $921 Oil 
2 9 3 1 3 1 3 2 EPec. 

$652 $816 $m $953 Total 



Table 13, Boiler [Cl 

Annual Operating Costs. N.Y. Metropolitan Area. Cost bases: 

(1) Number 2 fuel oil @ $0.47/galI (2) electrical energy @ . 

$0.045/kwt-hr. Energy usage based on data of Tables 3 and 10. 

0 40, 8 0 120 
gal/day gal/day gal/day 

1 $560 $657 $709 $757 Oil 
4 1 4 4 4 5 4 6 Elec. 

$601 $701 $754 $m Total 

2 $603 $732 $801 $856 Oil 
3 2 3 4 3 5 3 5 Elec . 

$635 $766 $836 $891 Total 

3 $658 $809 $894 $962 Oi, 1 
2 9 30 . 3 1 31 . Elec. 

$687 $839 $925 $993 Total 

Table 14 

Measured C_OP (Overall) for a High Quality Air-to-Air Heat Pump 

Sized to Heat a 50,000 Btuh Design Load. (NBS data, reference 5 ) .  

0 Return air of 66 F; 1680 CFM fan.  (Heating only) 

Measured (COP) Outdoor Temp. 

1.05  OF 
1.22 1 2 O ~  

I 
I 

1.42 2  OF 
1.60 3  OF 
2.12 4  OF 
2.17 5 2 O ~  

2.18 6 z0I? 



Table 15 

Annual Performance of an Air-to-Air Heat Pump (operating COP of 

Table 14) serving a 50,000 Btuh design heat load in a N.Y. 

Metropolitan winter (10 year hourly weather data). Heating plus 

domestic hot water only) 

Ho 0 4 0 8 0 120 
gal/day gal/day .gal/day 

Annual 
kwt-hrs 20,400 24,005 27,609 31,214 
used 

Annual 
Costs of $612 $720 $828 $936 @ $0.03/kwt-hr 
Electrical 
Energy $816 $960 $1104 $1249 @ $0.04/kwt-hr 

(Heat Plus 
Domestic h.w)$1020 $1200 $1380 $1561 @ $0.05/kwt-hr 

Overall 
(Seasonal) 1.72 1.61 1.53 1.47 

COP 
i 



Figure 1 .  Steady s t a t e  e f f ic iency  vs. firing rate  
for a s t e e l  fire-tube boi ler .  



BOILER OUTLET TEMPERATURE ( O F )  

F i g u r e  2a.  S teady s t a t e  e f f i c i e n c y  (%) vs .  b o i l e r  
o u t l e t  t empera tu re  ( O F )  f o r  b o i l e r  [ A ] .  

BOILER OUTLET TEMPERATURE ( O F )  

F i g u r e  2b. S teady s t a t e  e f f i c i e n c y  (%) vs.  b o i l e r  
o u t l e t  t empera tu re  ( O F )  f o r  b o i l e r  [B]  . 



BOILER OUTLET TEMPERATURE (OF) 

Figure  2c. 'Steady s t a t e  e f f i c i e n c y  (%) v s .  b o i l e r  
o u t l e t  temperature  (OF) f o r  b o i l e r  [C]. 

"ON" TIME 
BURNER FRACTIONAL "ON" T I M E ,  ,,ON,,+,,OFF,,TIME (% 

Figure  3a. Cycle e f f i c i e n c y  (oc) VS. burner  f r a c t i o n a l  
"on" t ime (%) f o r  b o i l e r  [A]. 



"ON" TIME 
BURNER FRACTIONAL "ON" TIME, ,,ONu+l,oFF,,TIME (Yo 1 

Figure  3b. Cycle e f f i c i e n c y  (nc) VS. burner  f r a c t i o n a l  
"on" t ime (%) f o r  b o i l e r  [ B ] .  

"ON" TIME 
BURNER FRACTIONAL "ON" TIME, ,,ON,,+llOFFllTIME (YO 1 

Figure  3c. CycPe e f f i c i e n c y  (qc) vs. burner  f r a c t i o n a l  
"on" t ime (%) f o r  b o i l e r  [C]. 
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APPENDIX 

Part A Evaluation of Seasonal Performance of an Oil or Gas-Fired 
Boiler/Furnace 

For the heating season: 

Eq. (2a) can be rewritten as 

ih , r) nS A, =gd [ + Ho I where T c,i < T*(A-1) 

Eq. (2b) yields 

m f,d 'S 'C = ed + H ~ )  a 

(A-1/A-2) yields 

Laboratory tests will provide ncIi' 'f,i 
VS. - . Thus &HS is known 

fi 
f,d 

once all the parameters are given. We then c n n s t r u c t  a relation 
m f,i between Ai and - . Therefore, once is known, Ai is obtained 
Iil 
f,d 

'f i automatically. By interpolation, we find the corresponding 2 ; 
fi 
f,d 

this in turn gives fi f ,i 

and 



For the nonheating season: 

fi; Again, by interpolation, we get - and thus obtain fi; . 
m 
frd 

, For a perfect unit (efficiency of unity) 

(A- 9 

A printout of the Program SPE is attached as Park D. 

Part B Evaluation of Seasonal Performance of an Air-to-Air Heat 
Pump 

SPF of a heat pump can be defined as 

SPF = TPH + TRH + TDH 
(TPHi) (ni) (TRH + .TDH) 

+ COPR 



where 

TPHi = thermal energy delivered by heat pump at the 

ith temperature , 

n i = Number of hours associated with the ith temperature; 

TPH = Total thermal energy delivered by heat pump 

TRH = Total thermal energy delivered by resistance heater 

for heating; 

TDH = Total thermal energy delivered by resistance heater 

for domestic hot water; 

(Cop) h, = Coeff. of Performance of heat pump at ith tempera- 

ture. 

COPR = Coeff. of Performance for resistance heaters for 

heater, (=I). 

- -  TRH - Total electrical energy delivered to the resistance 
COPR 

heaters for heating; 

TDH = Total electrical energy delivered to the resistance 
COPR 

heaters for hot water. 

To compute SPF, we have to first find TB, the balance point 

of heat pump operation; for Ti < TBI supplementary (resistance) 

heat is required. 

Ref. 5 gives performance information of a heat pump designed 

to meet a 50,000 Btuh heating load. COP, heating requirement and 

supplementary heat (if any) at each temperature are given. 



Starting from the lowest temperature encountered, we can 

find the heat requirement, COP, and the supplementary heat re- 

quirement at each temperature. 

Inasmuch as 

TDH = & (DT) ni 

where 

TRHi = Thermal energy delivered by the heat pump at i t h 

temp., 

"1 = Total number of hours corresponding to the domestic 

hot water usage period. 

SPF of (A-10) is readily calculable. 

Part C Ten-Year Hourly Average Weather ~ a t a ~  for Three Represents-- 
'tive Cl'imates'. Eight-Month Heating Season and Twelve- 
Mo'n'th Heatinq Se'ason 

Tabulated below are the number of h v u r s  per heating season 

for metropolitan New York City, Minneapolis and Washington, D.C. 

Column (A) gives the number of hours for an eight-month season. 

Column (B) gives the number of hours for a twelve-month season. 

Temp. (OF) New York Minnezipolis Washington, D.C. 

(A) (B) (A) (B) (A)' (B) 



Temp. (OF) New York Minneapolis Washington, D.C. 

(A) (B) (A) (B) (A) (B) 



Temp. (OF) New York Minneapolis Washington, D.C. 

(A) (B) (A) (B) (A) (B) 



Temp. (OF) New - ,York ~inneapolis Washington, D.C. 

(A) (B) (A) (B) (A) (B) 



Temp. (OF) New York ~ i n n ' & ' a ~ 6 1  i.s Washington, D.C.  

(A) (B) (A) ( B )  (A )  ( B )  



Part D Proaram Printout 

A typical calculation and printout is appended. The illus- 

trated calculation is for Boiler [A], overfired at a = 2, operating 

under typical metropolitan New York weather conditions, providing 

40 gallons of domestic hot water per day. An 8-month heating sea- 

son and a 12-month domestic hot water usage is considered. 
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