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ABSTRACT 

A microcomputer program f o r  p r e l i m i n a r y  assessment 
o f  geothermal d i s t r i c t  heat ing f a v o r a b i l i t i e s  i s  
descr ibed,  The program i s  based on t h e  p r e m i s e  
t h a t  a community's a b i l i t y  t o  e f f e c t i v e l y  use i t s  
geothermal resources t o  meet heat demands can be 
s i g n i f i c a n t l y  in f luenced by land-use measures i n  
t h e  community development process. The program i s  
i n t e n d e d  f o r  use by l o c a l  government p l a n n i n g  
o f f i c i a l s  as an a i d  i n :  documenting community heat 
suppl i es and demands ; prompt i ng det a i  1 ed tec hn i cat 
i n v e s t i g a t i o n s  o f  d i s t r i c t  h e a t i n g ;  a n d  
e s t a b l i s h i n g  l a n d - u s e  p l a n s  and r e g u l a t o r y  
standards t h a t  are responsive to, and suppor t ive 
of, g e o t h e r m a l  energy and d i s t r i c t  h e a t i n g  
oppor tun i t ies .  

INTRODUCTION 

HEATPLAN i s  a m i c r o c o m p u t e r  program des igned t o  
prov ide a neighborhood-level inventory  o f  community 
heat  demands by t y p e  o f  land-use;  and a p r e -  
1 i m i  nary assessment of geothermal d i  s t  r i  c t  heat ing 
f a v o r a b i l i t i e s  f o r  the  neighborhoods. It i s  de- 
s i g n e d  f o r  use by l o c a l  p l a n n i n g  o f f i c i a l s  f o r  
purposes o f :  

o E s t a b l i s h i n g  a b a s i s  f o r  heat  s u p p l i e s  and 
demands as d e t e r m i n a n t s  i n  t h e  communi ty  
.development process, where land-use p lanning 
can be used t o  op t im ize  geothermal energy use 
and d i  s t  r i  c t  heat ing devel opment, 

o I d e n t i f y i n g  a r e a s  i n  c o m m u n i t i e s  w h e r e  
d e t a i  l e d  engineer ing and economic assessments 
o f  c u r r e n t  geothermal d i s t r i c t  heat ing oppor- 
t u n i t i e s  may be war ran ted ,  and o t h e r  areas 
where land-use incent ives  should be focused t o  
improve long-term cond i t ions  f o r  geothermal 
d i  s t r i c t  heating, 

HEATPLAN i s  an account of work f o r  the Washington 
S t a t e  Energy O f f i c e ,  w h i c h  i n t e n d s  t o  use t h e  
program i n  c o n n e c t i o n  w i t h  i t s  l o c a l  government 
techn ica l  assistance pro jects .  HEATPLAN i s  w r i t t e n  
i n  C/BASIC language, i s  a v a i l a b l e  on 5 1/4 or 8- 
inch  f loppy disk, and runs on m i c r o c o ~ p u t e r s  w i t h  
CP/M opera t ing  systems, 

A Land-Use Planning Approach t o  Geothermal D i s t r i c t  
Heat i nu 

HEATPLAN approaches geothermal  d i s t r i c t  h e a t i n g  
f rom t h e  premise t h a t  a community's heat supp l ies  
and demands should be impor tant  determinants i n  the  
communi ty  development  process. I n  n o r t h e r n  
c l i m a t e s  space and water heat ing can account f o r  a 
m a j o r  p o r t i o n  o f  a communi ty 's  t o t a l  energy  
consumpt ion.  A communi ty 's  land-use f ramework  
p r e s e n t l y  embodies t h e  c o n v e n t i o n a l  s e c t o r s  of 
indus t ry ,  housing, t ranspor ta t ion ,  etc, By adding 
heat suppl ies and demands t o  t h i s  l i s t  o f  develop- 
ment determinants, it i s  suggested t h a t  a community 
can c r e a t e  a l a n d - u s e  p l a n n i n g  process  t h a t  i s  
u l t i m a t e l y  more e n e r ~ - e f f i c i e n t .  

Community heat loads are a d i r e c t  func t ion  o f  land-  
uses. The types, loca t ions ,  densi t ies,  and mixes 
o f  land-uses i n  a community w i l l  c o n t r o l  i t s  s u i t -  
a b i l  i t y  f o r  d i s t r i c t  heating; moreover, land-use 
r e l a t i o n s h i p s  t o  geothermal  r e s o u r c e  s i t e s  w i l l  
determine i n  l a r g e  p a r t  the s u i t a b i l i t y  o f  such a 
h e a t  s o u r c e  f o r  d i s t r i c t  h e a t i n g .  Thus, a 
c o m m u n i t y ' s  l a n d - u s e  scheme m u s t  c r e a t e  
s u f f i c i e n t l y  h igh d e n s i t i e s  and d i v e r s i t i e s  of heat 
loads, i n  c lose p r o x i m i t y  t o  heat sources, i n  order  
f o r  geothermal  d i s t r i c t  h e a t i n g  t o  be f e a s i b l e ;  
w i t h  appropr ia te land-use incent ives  t h i s  feas i  - 
b i  l i t y  can be considerably  improved upon. 

Beyond the  bas ic  design and economic p r e r e q u i s i t e s  
of geothermal d i s t r i c t  heating, land-use p lanning 
can a l s o  be used i n  c o n j u n c t i o n  w i t h  g e o t h e r m a l  
d i s t r i c t  heat ing t o  achieve other  community ob jec-  
t i v e s ,  such as neighborhood renewal or economic 
d i  v e r s i  f i  c a t i  on. 

HEATPLAN d e t e r m i n e s  f a v o r a b i  1 i t y  f o r  d i s t r i c t  
h e a t i n g  on t h e  b a s i s  o f  heat  demand p e r  u n i t  of 
l a n d  area, and the  cost  e f fec t i veness  o f  serv ing  
such demand through geothermal d i s t r i c t  heating. 
The i n t e n t  o f  t h i s  land-use approach i s  t o :  1) 
i d e n t i f y  areas where heat demands present ly  make 
geothermal d i s t r i c t  heat ing  favorable and wor thy o f  
d e t a i l e d  study; and 2) i d e n t i f y  areas where land-  
use changes and/or incent ives  need t o  be app l ied  t o  
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improve geothermal d i s t r i c t  heat ing f a v o r a b i l i t i e s  
i n  t h e  f u t u r e ,  e.g. i n c r e a s e d  d e n s i t i e s ,  g r e a t e r  
d i v e r s i t y  o f  uses, and b e t t e r  p r o x i m i t y  t o  hea t  
sources. I n  t h i s  way communities may develop land-  
use p lans ,  and zon ing  and s u b d i v i s i o n  s t a n d a r d s  
t h a t  a r e  c o n s i s t e n t  w i t h ,  and s u p p o r t i v e  o f ,  
geothermal d i s t r i c t  heat ing development. 

Descr iD t ion  o f  HEATPLAN 

HEATPLAN i s  comprised o f  seven major steps o r  sub- 
rou t ines  summarized as f o l l o w s :  

Step A. Subject and Climate In fo rmat ion  

The u s e r  e n t e r s  i n f o r m a t i o n  i d e n t i f y i n g  t h e  
community and service area being evaluated; l o c a l  
c l i m a t i c  c o n d i t i o n s  wh ich  a f f e c t  b u i l d i n g  h e a t  
l oads ;  and a d i s c r e t e  case number t o  a l l o w  f o r  
s e n s i t i v i t y  ana lyses ,  wh ich  t h e  program i s  a l s o  
designed t o  provide. 

Step B. Land-Use Thermal Inventory and Assessment 

The user d i v ides  the  community, o r  p o r t i o n  thereof, 
i n t o  s t u d y  areas ,  i.e. n e i  ghborhood d i  s t r i c t  
h e a t i n g  zones. I n  most cases these  s tudy  a reas  
w i l l  be b l o c k s  o r  groups o f  b locks .  The u s e r  
c o l l e c t s  and enters the amount o f  b u i l d i n g  f l o o r  
space i n  each s tudy  area a c c o r d i n g  t o  l and -use  
types provided by the  program. The program uses 
t h e  f l oo r  space data t o  es t imate  heat loads f o r  
each study area using a mod i f ied  degree-day method 
(expressing peak and annual space heat ing  loads, 
and average hour ly  and annual water heat ing  1 oads). 
The program a l s o  a l l o w s  t h e  use r  t o  e n t e r  any 
ac tua l  load  data t h a t  may be r e a d i l y  a v a i l a b l e  f o r  
a s t u d y  area, e.g. f r o m  a m a j o r  i n s t i t u t i o n  o r  
industry.  The program then est imates the  heat l oad  
d e n s i t y  and l o a d  f a c t o r  f o r  each s tudy  area ;  and 
w i t h  a user-suppl i e d  es t imate  o f  expected market 
p e n e t r a t i o n  r a t e s ,  i t  then  c a l c u l a t e s  t h e  t o t a l  
l oad  o f  a l l  study areas aggregated i n t o  a s i n g l e  
commun i t y -w ide  d i s t r i c t  h e a t i n g  system. The 
program a l l o w s  t h e  use r  t o  o v e r r i d e  c a l c u l a t e d  
values fo r  purposes o f  s e n s i t i v i t y  analyses, o r  t o  
account fo r  unique loca l  condi t ions.  

Step C. Determinat ion o f  System Design & Es t ima t ion  
o f  Cap i ta l  Costs 

The user enters the  distance from the  most favor- 
ab le  geothermal resource s i t e  t o  the  most favorable 
heat load  s i t e  i n  the  evaluated serv ice  area; and 
i s  given a choice o f  se lec t i ng  a d i s t r i c t  heat ing  
system supp l ied  completely by geothermal energy, o r  
by a hybr id  system using geothermal base heat and 

c o n v e n t i o n a l l y - f u e l e d  peaking. The u s e r  e n t e r s  
data on the  geothermal resource t o  be used f o r  t h e  
system, i nc lud ing  co r rec t i on  fac to rs  t o  account f o r  
t h e  r e l i a b i l i t y  o f  resource est imates when ac tua l  
d a t a  i s  u n a v a i l a b l e .  The program e s t i m a t e s  t h e  
r e q u i r e d  number o f  geothermal  w e l l s ,  amount of 
t ransmiss ion  and d i s t r i b u t i o n  p ipe l ine ,  and type o f  
cen t ra l  heat exchange o r  boost ing equipment, and 
t h e i r  c a p i t a l  costs. The user i s  again a l lowed t o  
o v e r r i d e  c a l c u l a t e d  v a l u e s  f o r  e a c h  s y s t e m  
component fo r  s e n s i t i v i t y  purposes o r  t o  account 
fo r  unique loca l  condi t ions.  

Step D. Es t imat ion  of Operation and Maintenance 
cos ts  

Based on prev ious ly  ca l cu la ted  c a p i t a l  costs, and 
u s e r - s u p p l i e d  c o s t s  f o r  e l e c t r i c i t y  and peak ing  
fuel  (if appl icable),  the  program est imates opera- 
t i o n  and maintenance cos ts  f o r  the  system. Again, 
t h e  user i s  al lowed t o  ove r r i de  ca l cu la ted  values 
f o r  s e n s i t i v i t y  purposes o r  t o  account fo r  l o c a l  
cond i t ions .  

Step E. Es t imat ion  o f  L i fe -Cyc le  Costs & Minimum 
Sales Per Land Area 

The user  e n t e r s  t h e  f o l l o w i n g  economic and 
f i n a n c i a l  pa ramete rs  f o r  t h e  p r o j e c t :  expec ted  
i n f l a t i o n  ra tes  over the  l i f e  o f  the  p ro jec t ;  the  
amount of c a p i t a l  c o s t  t o  be  deb t  f i nanced ,  and 
i n t e r e s t  r a t e  f o r  t h e  deb t ;  t h e  proposed s a l e s  
p r i c e  f o r  geothermal heat, based on l o c a l  competing 
f u e l  p r i c e s ;  and t h e  c h o i c e  o f  e i t h e r  p u b l i c  o r  
p r i v a t e  ownersh ip  f o r  t h e  system. The program 
c a l c u l a t e s  l i f e - c y c l e  c o s t s  f o r  t h e  system, 
so l v ing  f o r  t he  minimum amount o f  annual heat sales 
necessary t o  break-even under a pub1 i c owners h i  p 
scenario, o r  achieve a 20% r e t u r n  on e q u i t y  under a 
p r i v a t e  ownership scenario. The r e s u l t i n g  minimum 
amount of f i r s t  y e a r  h e a t  s a l e s  necessary  f o r  
successful operations i s  then expressed i n  terms o f  
minimum heat sales needed per  u n i t  o f  land  area i n  
t h e  community. 

Step F. Es t imat ion  & Mapping o f  Geothermal D i s t r i c t  
Heating F a v o r a b i l i t i e s  

The program then est imates d i s t r i c t  heat ing  favor -  
a b i l i t y  f o r  each s t u d y  a rea  by  c a l c u l a t i n g  t h e  
r a t i o  o f  minimum community-wide heat sales per u n i t  
o f  land area, t o  the  p rev ious l y  es t imated  heat load  
dens i t y  and load f a c t o r  i n  each study area. Study 
a rea  f a v o r a b i l i t y  r a t i o s  a r e  ranked  i n  f i v e  
i n c r e m e n t s  o f  f a v o r a b i  l i t y ,  depend ing  on t h e  
p o s i t i v e  r e l a t i o n s h i p  between study area load and 
t h e  community-wide minimum. A complete p r i n t - o u t  of 
a l l  p r e v i o u s  compu ta t i ons  a l o n g  w i t h  s tudy  a r e a  
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ra t ings  are provided. With a user-suppl i ed  diagram 
o f  the community, the  program w i l l  a lso generate 
t w o  maps o f  t h e  s tudy  areas: 1) a map d e p i c t i n g  
c u r r e n t  t he rma l  l o a d  d e n s i t i e s ,  i.e. t h e  b e s t  
p i c tu re  of ex i s t i ng  heat loads i n  the community for 
long-range land-use planning purposes; and 2) a 
map d e p i c t i n g  t h e  f a v o r a b i l i t y  r a t i n g s  f o r  each 
s tudy  area, i.e. t h e  bes t  p i c t u r e  o f  c u r r e n t  
d i s t r i c t  h e a t i n g  p o t e n t i a l  , where  d e t a i l e d  
engineering and economic feasi  b i  l i t y  assessments 
may be warranted. 
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