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ABSTRACT - is costed. Hest source allocation is determined put Oi. 
a marninal coat analysis between baseload. cycling, 

D i s t r i c t  heating has proven to he a pract ical  and 
aconoudcolly viable technology for  space mid hot-water 
heat saMce v ia  centralized 8rrpply of heat. The rapid 
escalation of world o i l  p a c e s  in recent years Itas accel- 
erated grouth of this  technology in Europe in cognSzaace 
of its fuel  conservation potential ,  particularly when 
d i s t r i c t  heat is obtained from secondary heat eources, 
such as power plants. i n d u s t r i d  processes, geothermal 
resources. or refuse incherat ion.  

United States regarding the ecooomic feaaibiliit]r of hot 
vater d i s t r i c t  heating service t o  residential  and comer- 
C h l  cwtomer8. 
but these analyses are too ins o r  too sketchy to  be of 
s i g n i f i u n t  value as a foundation for  a natiDpal d b t r i c t  
h a t t a g  policy, 

two dist inct  aspects t o  d i r t r i c t  heating service: 
avai labi l i ty  of the necessary technology and its impla- 
mentation. Beliable hardvare has been developed by 
practi t ioners in turope and much of this experience could 
be put t o  usa in the US. Hawever, t o  uhat =teat dis- 
t d c t  heating could be implemented, where it would provide 
the greatest  benefit, and w h a t  it might cost  can only be 
answered by detailed analytis of the many possible mar- 
kets. It is  fo r  this purpose that the m r l p t i c  nuithod- 
ologp described here w a s  developed. 

There ere f ive  stages in our analysis. The f i n t  
consists of constructing demand estimates, on a small 
UM basis, and decomposing that market into customer 
classes by fuel type and heating equipment type. N e x t ,  
several of these small are- u e  aggregatad, subject t o  
cerrPio c r i t e r i a ,  t o  form e heating zone which becomes the 
fundomental unit for  pipe aystsm design. Pipe systems are 
designed, that is diameter8 and lengths are assigned for  
each zone predicated on peak demands fo r  a variety of 
penetration scenarios. Heating zones a re  then inter-  
connected by a sUbtr.psmf.8fon network and the pipeline 

A nrnnber of studies have been done E l ,  2,  3 1  io. the 

I n  d l  casea the results are favorable, 

When vieved from the aatioaal perspective there a r e  
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ethiu the V8rious redons Of the c O u n t ~ o  is par- 
t icular ly  apparent when the f . a s ib i l i rp  of a centralized 
al tsnrat ive technology such as d i s t r i c t  heating Is under 

depends 8trongly on specif ic  market characterist ics.  

istica for  a l l  urban areas, in L rystrmatic and uniform 
manner. is especially important fo r  d i s t r i c t  heating 
assesllment. In a f r ee  market where customers exercise 
choice of energy supply form, the price of d i s t r i c t  heat 
i a  certainly a factor in the  decision t o  NLtch from con- 
pon*ional f9cl.. In the 0.5. at  present, the price of 
natural 8ur is so low that no alternative technologies can 
compete bo a price basis alone. O t h e r  factors such u the 
age of the housing stock and the type of ezisting heating 
system may eater the decision on whether r e t r o f i t  i8 a 
f u s i b l e  option. Finally, the shared cost  of the piping 
sy8t.m depends inversely on the number of customers, BO 
the cost of d i s t r i c t  heat depends strongly on umual heat 
sales. 

breadth of its data bases, the easa v l t h  which any &ban 
market can be analyzed and the d d a  variety of intcrmedi- 
J t C  b f o ~ t i o n w h i c h  18 oht.ined. 

Among the  major d i f f i cu l t i e s  in the United S t a t u  fo r  
Real housing and employment data, cmvasoed for  the 

atin nation and made available on a vesy small area 
basir, a r e  conjoiwd with local climate profiles,  labor and and 
costs, land use intensi ty  factors 
use profam - 
markat6 for d i s t r i c t  heat. This characterization of 

permits a Wstrm design md c o s t k g  sf .p.t.ma for 
distribution of hot water, subject to any penetrrtion 
constraints imposed. A m  d e r  of MSUmptioati are 
needed to  generate these productr from the data bases, 
many of vhich vera generated io the public domain for  
other purposes. 

LHTBobucRON 

fuel prices and fue l  
profil&fof aesting -* d 

r ls ident ia l  co-rd.1 space water b a t i n g  d-ds consideration. For 8UCh techmlogy its CompetltiVmesS 

To develop knovledge of supply and demand character- 

Our demand estimates and market characterization8 
drav from the data obtained in the 1970 Census of Eousing 
and Population [ 4 ]  . The basic geographic uni t  in our 
analysis is the Standard Xetropolitan S t a t i s t i c a l  Area 
(SISA). Data for  SMSb's is published by census tracts.  
which sre designed t o  contain ebout SO00 persons on aver- 
age. There are 243 SISA'S, and they contain approximately 
three fourths of the P.S. population. Data for  the re- 
mainder of the population is published by Ellnor Civil 
Division (MCD). 

Virtually complete coverage of the population is ob- 
tained fo r  housing type, tooms per duelling unit sad per- 
sow per dvclling unit. Pa r t i a l  samples a n  taken of 
building age and l i t e .  fue l  type, heating equipment type, 
c e r u i n  . g p l i ~ ~ c t i ~ i ,  mter supply, and type of swage 
disposal. Unfortunately it has been found by the Census 
Bureau to be too d i f f i cu l t  end unreliable t o  cunvess fuel  
consumption, so it is necessary fo r  us t o  use asslnacd 
heating demand coefficient8 which describe the heat put 
in- room air o r  domestic water, on ea s a n d  basi6, as a 
function of climate, duelling type and size, level of in- 
sulation, and family site.  Annual residential  demand per 
t r a c t  o r  HCD is gotten simply by adding dvelllng unit 
demands. 

sented Fa a way which characterizes the market as to the 
particular heating equipment and fuel  used in ueh  type of 
residential  building. 
needed wbea dui(pling penetration sceaario~~ since it  
readily lenda i t s e l f  to imporition of constraints based 

. 

Fuel and heating equipment information Is m t  pre- 

TMs form of c l a s s i f i u t i o n  L 

n 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



Weather data averaged over the 30 year p e w  1941- 
1970 have been aupplied 01) computer tape by the P.S. 
Hatiional Oceanographic md Atmospheric Adminiatration. 
These are used in estimating both Umual md peak winter 
heat d d  and are publiahed in aImrmarg foxm in [ S I .  
Regional level8 of building insulation have been rumeyed 
by the National Association of Borne Builders Research 
Foundation [ 7 I., although this ia only apecific t o  the 
nixe 0.S.  MUS Regions. Beating ayatem efficiencies 
are  docrananted in a number of techuical studies funded by 
the a p t .  of Energy. For projection of residential  heat 
demands to  future y e a a ,  population m d  household f o n -  
wta for  all tract .  and ED'. have been purchased from a 
private corporation. 

Several c r i t e r i a  are employed to ensure similarity 
uDong t r u t a  which are aggregated t o  form a heating tone. 
The most important constraint la that  the t r ac t s  be con- 
tiguous. Wity of heat demand, u tmt  of building *- 
t m f i t ,  luad we intensit)., and fue l  mix a re  ala0 
considered. 

of heat demand, gotten by dividing .nnusl heat demand by 
t r a c t  area. Starting at the t r ac t  with greatest  density, 
contigwua t ract .  a r e  those uhose d i r t w e  betveen pop- 
lation centroids fa least. The tract. u e  compared in 
tenas of the otber criteria and tkose most compatible are 
usembled in to  a heating zone. Zoou ue not d o w e d  t o  
be u b i t n r l l y  large but a r e  held to a total uea  xot u- 

In each SpdsA the t racta  are ranked in order of density 

rn' Census has not done ' Canvass Of c e d i n g  5 d. 
tcmwcd 
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characteriatics. 
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ensures a high degree of d f o r n d t y  rmong const i tumt 
tracta. Actual iolplcmentation of d i a t r i c t  heating aemlce 

zones which yield the greatest payoff. 
that pipa 

Once put i n to  a hearing zone, t racta  are d a l  buildings, ao that an alternate approach had to be 
deviaed to make relevant demand estimates on a tnc t  o r  the tract list .Od the prOccas npeated until 
McD -timat- of floor apace beerr all t r am are assigned to heatillg zoneg are *le to 
made for  the Bureau of tcwomtc M y s i r  [ 8 ]  ; hootever 
data are presented on a regional basis, in many cmes 
groaser then the SISA. Tvo approaches to disaggregation 
of tbia data u e  taken which yield upper and lower b o d  
estimates of mnual commercial heating d-nd per t r a c t  o r  
Ma. 

Once a heating sone la formed, it becomes che funda- 

The f i r a t  atep in the disaggregation procedure l a  t o  
distribute floor apace by county rod within cities. ?or 
certain categories of floor apace (prof i t  maltfng e n t e r  
pdaes)  t h ia  urn be done by using a a l u  ac t iv i ty  data 
publiahed by the Census Bureau [9] , usuming a Unear 

The nmaining categories of  commercial floor apace (non- 
prof i t  mtetpriaed, including achaols, other govern- 
mental operations, hospitals, religious rod cultural .  tend 
to be dfstributed aore m a r l y  vi& population, though wt 
perfectly. The xecesairp t o  deal differently.w%tk rbsse 
two classes of cammercial f loor  apace iatroduces an cle- 

vby tpe 
aeek bounds on rstimates. ?urther disaggregation in to  
cQIBW 
clrases. ua aust dfstfngufrh tnCta which lie the 
central  business district CCBI)) aince a dlapmportionate ~ ~ ~ ~ * f o ~ ~ ~ a ~ $  :zz prt:z 
ahare of p ro f i t  conmercisl ac t iv i ty  occura herein. 

To allocate p ro f i t  commercial tloor apace ummg 
tracta in the QLD w e  assume f loor  space t o  be proportional 
to .mpmt in the 

formed to ensure correct allocation of floor apace inaide the point* smlifying recuneular ahape 
md outride the CBD. To allocate prof i t  commercial f loor aswcim Only -kb iruccu- 

assumptions about its cotrel . t lon to  population. These 
assumptions can be based upon Census data [4] for  cornmu- 
tation distance t o  work. AllocaUon of m - p r o f i t  com- 
me- floor space inside o r  outside the CBD l a  more 
d i f f i cu l t  because the Census data does not provide any 
handles upon vhfch to t ie amumptions. Lover and upper thfa can computerized* 
bound estimates f o r  Qu, t racts ,  d the converae for  MI) 
QLD tracts, can be obtained hy m s d n g  dfatrfhution by 
ruident population by emplolrment r-,ectively, to benefit ratfoe may be used to r.nk tones in order of 

payoff. We employ a reference instal l&tion cost  as a 
function of diameter for  placement of pipes in rpi . t ing assume that fue l  type rod heating equipment type tnven- 

cornmarcia' rector are the for the atreeta  in verp low density adurban type areas.  he 
labor component of this reference e l se  ia a u l e d  by an resfdentirf aector. 

yields upper .Od lower bound estimates fo r  heating demands tion due to 
for Or zDcD. peak paver demand tr obtrlaad vices. These factor. were utabl iahed from studies of 

and d r i p l y i n g  by a auitable extreme design temperature 
difference, based upon t he  A S W  97.5 percent coldest 
temperature [LO]. 

modify demands, aubject t o  penetratfon conetrafuta, by 
aimply .Ilmiaattng designated customer classes from the 

Zones are kept amall for  aeveral reaaoua. Smallness 

rplatim bemeen utide d *tow* voa be done on b a s h ,  beg- w a e  
Smallnus ensures 

Ire Lcpt amall rod gt.m layout 

For rimplicity, heating tones are assumed to  be 
*quare. d the computer designs the  pipe w-= f m u  the 
extremes toward the center in a aimple rectangular layout. 
Optimized diameters md flow rates  are calculated fo r  uch  
bearZng zone w i n g  par-t+d=d WPW .nd return t- 

requirrmcnt. brvn* 

of mcertainw into +he 

rl.o requires reparate tw-t of the 

number rad length of blocks in each heating zoae l a  
assigned from a data base establi lhed from r t a t i a t i c a l  

fu a crosa aection of U.S. cities. Demand l a  allocated 
drnsig and laad use intemiw 

EmploOment data can be 
from the &-us ~ 4 1  md self c-atent d y s i r  p e r  w f o d ~  -g b l o c k *  Peak p-r rquir-t a* 

noam requit- the use of rate dZtmeter e s t b a t e s ,  but atrfngent control is placed 
on pipe length estimates which have a stronger influence 

A t  present interconnection of heating rones by the 
rubtransnd.sion mtwork l a  done by hand, but we anticipate 

Costing ia done on a zone by basla ao that coat 

I 
u d f u g  commercf4 deman& to the -uentfa d-& appropriate factor which reflect. complexity of inatalla- 

lnteMiW and dating utflity 
I 

d idd ing  & -d demand by -d heating degrca bya tha Sutbtidm rehtiona between k m u l h t i o n  costa of 

~ ~ : ~ o n ~ f g ~ t ~  gLg ~ & ~ & ~ ~ ~ ~ , & f ~  
a c d e  factor. re la t ive to reference costa are applied to 
accommodate the variation in wage ra tes  mi material 

obtained frw readily avaflable l i t e r a tu re  [U] . Since o m  &ta b a e  a c o m p u t d e d ,  it f. e- to  from city city* These be i 
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The design aaaly8is yields a matrix of leugth re- it  1s necessary to  assume a delivered cost  of hot water t o  
buil&ngs, so a range of demands for  d i s t r i c t  heat are 
generated as a function of delivered heat cost. 
-at- sire can then be gotten by i terat ing between a s a t  
of demand estimates and the costing wdela  fo r  the heat 
mupply snd delivery u n t i l  the coat of delivered heat ftom 
the heat Npply and delivrry models matches the hurt  cost  
as8Umed for  a phrtiaular set of d i s t r i c t  heat demands. 
These calcul. t ions can ala0 be structured as a Linear pro- 
graumhg problem t o  simplifY the d y 8 i s .  
tive Costing 8pproach i. particularly useful because it  
permits estimation of opt- ayatem s i ze  (mircrmum average 
cost) as a function of conventional fue l  prices, r e t r o f i t  
cost., the level of taxes on d i s t r i c t  beat. and the price 
s t ~ c t u r e  of d i a t d c t  heat across various - t a r  

ad its components, heat sales,  and se&e levels. 

CONCLUStoEoS 

quiremenu by discrete  pipe di.maters fo r  each zone, and 
from thi. the heatlug tone pipe rystom ipstdlation cost 
inay be easi ly  obtained. 

SEm SOURCE ALLOCATION 

&ne under a program of assessment of the potential  for  
peotbermal d b t d c t  heating in the  United Stat- which is 
funded by the US. Departmmt of Urgy ,  Office of Ile- 
source Applications. 'therefore oot beat source allocatton 
artalyai. focuses on direct  ut-ation of geothermal en- 
ergp fo r  base load and stored geothermal heat for cycling 
load senrlce, with peaking power provided by fossil f i red 
boilato. Wses.  From these cost d 7 8 U  one obtains ayatem Cost 

opt- 

Much of the development work reported here has been 

The cmpara- 

A curve of probability density for heat demand M a 
' funccsoll of elme (eomody csl led an hourly load curre) 
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ir constructed f o r  each market from 30 y e a  average d a l l y  
temperrturn data recorded by the local  weather .tatSon The methodolagy re have described here baa several 

at t ract ive advantages. haly8%8 of an entire urban area 
em be done very quickly. ?he methods and malytiCd 
franework are qui te  general and map be readily rdnpted if 
new o r  bet ter  data become available. for  ~XEIUIP~~, that of 
the 1980 Consus. A ainiraal number of assumptbas are Cm- 
played, ad the methodology i. universally applicable. 

heating potential  under a variety of sceaarfo~ for  the at- 
tire country, any region, o r  subregion. Narket pcnetrs- 
t ion scenarios and time series implrmentation of a .]rstlm 
under escalating prices of c o m t i o n a l  fuels can be 
haudled in a systematic way. The impact of technological 
developmenu wtthin any subsystem of the d i r t r i c t  heating 
aptom can be readily rtraluated. A pcat variety of use- 
f u l  producu can be gleaned from these analyses and 
rpplied t o  other programs. In particulars the dets i led 
picture of couventiooat heating systems and 1cpe.b of de- 
sand are p a t e  uaeful in u)sesshg the -act of other 
corulervathi strategies.  

The principal lffnitiag factor in tMa progrrm i. the 
level  of aggregation 8t w h i c h  the Canrrru Bureau publlrhcs 
housing w d  population W o w t i o n .  
t r ac t  i. the mnallest u e a  onit for  which the b twd  spec- 
trum of information relevant t o  tht. pmgrm is publicly 
avaflable. out program i. not .menable t o  detailed mgin- 
eering design aaalyaiz, but the conceptual desigua which 
it can fu-h are a time ad money saver in regard t o  
layfag the groundvork for auch projects. 

estlnates fo r  the nation as a whole and f o r  mlti-sutc 
regions. It is our hope that this w r k  will  fnst igata  
detailed study of fuel  consumption ln several  dtiu t o  
provlde a be t t e r  basis for comparison. 

BepERENceS 

1. 

%he knm geothermal resources are correlated t o  
urban market8 t o  ascertain traaaml8sion dl8tances. and an 
adopted version of the well development lnalyris described 
by Milora and Tester [13] characterizes the cost of 
developing a geothermal f i a l d  fo r  heating applicptZoocr. ft a thucr furnish A S p t W t i C  analpb d the d t . t d C t  

A suff ic ient  .mourr;ot a b r t  term storage capacity 
I8 included t o  m o t h  out disparity betveen %nstantaaeous 
supply rad demand. Finally, heat source allocation ir 
made rf. a marpinal cost analyola Vbzch compares the Lt- 
C r C m e n r a l  cost  of addtag oae geothemal w e l l  and bcreas- 
iag the transadmion Uae capacity and atorage capacity 
conconrltantly to the aost  of supplying the  iocrrmcnt of 
heat, III determined by the demand load curve, vfa a 
fossil-fired boiler. 
power demand level fo r  the peaking rource. The u a a  
under the load c u m  below thirr peslfng level W l d a  the 
merage annual heat dcllvered from the geothermal re- 
source. The average heat production cmt .I. obtained .B 
a weighted average of the cost. for  resource produced 
heat and boi ler  produced heat. 

&I analogow procedure would be used were power 
plant. to be conrridered as heat sources. 
the  marginal cost  analpsi. w o a  yield the optimum aervice 
temperature .od p e r  level  f o r  base load and cycliug 
8ardCa. In  our geothermal appl icat iws we allow the re- 
source tamperature to  ac t  as a surrogate for thin optimum 
service tuuperature. 

COST ANALYSES 

This d y $ f n  yfelds the  optimum 

Thus the census 

In thia case 

Ve are  -fed, &t present, t o  validation of damapd 

The cost t o  r e t r o f i t  buildings l a  used as a parameter 
in designing penetration scenarios. 
t r o f i t  requirements are used t o  develop a data base which 
la applied t o  heating eqt&ment classes to estimate the 
n t r o f l t  b i l l  in each tract. Thin i 8  feasible  because the 
number of potential  customers can be estimated from the 
market characterizatioo ansly8fs. Supplementary M o r -  
oation 011 operating and maintenance costs of conventional 
heatiag aptems ir incorporated in thfs analysis. Resi- 
dential  and Comerdal p t i c w  f o r  aatural gas and CZ fue l  
oil come from the U.S. Department of Labor E141 and the 
U.S. Department of Energy. 
in@ with and without elect& 8 ace heating come from the 
Federal Powtr Commission (l5, 165 . Data. .gala, are 
regional or county specific. 

complete -*et penetration, market penetration con- 
atrained by fuel &for equipment m e ,  and penetration 
constrained by those buildings which could acoanomically 
convert t o  d i s t r i c t  heat given current o r  projected prices 
for conventional fuela. Sa tbe l a t t e r  u s e  it is neces- 
sary ta make comparative cost  calculations, with d i s t r i c t  
heat md v i t h  existiug heating .patem, fo r  the various 
building classif icat ions (identified by level  of heat de- 
mand, existing equipment type, and fue l  type). To do this 
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