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ABSTRACT 

This decision modelling project utilizes 
mu1 tiattribute ut i l i ty  theory t o  capture both 
the economic and non-economic cr i ter ia  potential 
geopressured-geo thermal resource developers 
utilize to  reach a decision t o  participate, 
or .not, i n  a venture such as geopressured- 
geothermal development. Knowledge from this 
work will be utilized i n  conjunction with a 
geopressured-geo thermal economic model t o  
determine effects of various incentive schemes 
proposed, t o  expedite the development of the 
geopressured-geothermal resource a1 ong the 
Texas-Louisiana Gulf Coast. T h i s  study is  a 
portion o f  an on-goi ng DOE sponsored geopres- 
sured-geothermal research program a t  the 
Center for Energy S$udies a t  the University 
of Texas a t  A u s t i n .  

* * * 

INTRODUCTION 

The expedited development of the geopres- 
sured-geotherinal resource a1 ong the Texas- 
Louisiana Gulf Coast i s  one of the goals of 
the Department of Energy's (DOE) policy of 
i ncreased re1 i ance on domes t i  c energy resources. 
The government's role i n  encouraging this 
development as promulgated through legislation 
such as the geothermal loan guaranty program 
has t h u s  far not  been entirely successful. 
Recent work done by Frederick, e. a., 111, 
examined the i nter-pl ay between various types 
of government incentives t o  the geopressured- 
geothermal energy development, the pace of 
t h a t  development and types of parties which 
might become involved. T h i s  current work, 
based upon the findings. of Frederick, 3. a., 
delves into the decision-making processes a 
firm uses t o  capture both the economic and 
non-economi c cri teria u t i  1 i zed t o  reach a 
decision t o  participate in ventures such as 
geopressured-geothermal development. 

T h i s  on-going program is divided into 
two general work areas. 
are building an economic model which will 
ut i l ize  distributions o f  information as 
i n p u t s  and will in turn generate distribu- 
tions of Wputs, which represent ranges 
w i t h i n  which companies are thought to make 
their venture decisions on an economic basis. 

In one area researchers 

The second research area, called the deci- 
sion modelltng project, which i s  the specific 
concern of t h i s  paper, deals w i t h  the non- 
economic factors and cr i ter ia  that company 
decision-makers utilize i n  conjunction w i t h  
economic data 'i n the deci s i  on-maki ng process. 

The decision modelling, project was designed 
as part of this DOE sponsored research program 
t o  identify investment decision criteria which 
will then be utilized to determine the effects 
of various incentive schemes. Recogni zing that 
economic factors are usually the only ones 
incorporated into decision models, this project 
focuses on including the qual i tative factors 
whi  ch shape investment decision behavior. 
The deci si on analysis i ncl udes : 1 ) i nves ti g a t i  on 
of the deci sion-maki ng process, i .e. , descri bi  ng 
the deci si on-maki ng process i n  the organi zati on 
for  projects such as geopressured-geothermal , 
determining the stages and flows of this 
process, i denti fyi  ng the i nforma ti on whi ch i s 
considered; 2) identification 0.f .decisir:.ri fac:ors, 
thei r respec t i  ve thres hol d levels , ranges and 
re1 a t i  ve importance. 

Since interest. i n  geopressured-geothermal 
i s  not  limited t o  one industry, the pr0jec.t 
was designed to be sensitive to the differences 
among industries. 
d i  s ti nc t groups were i nvi  ted to parti ci pa t e  
in the study: public and privately owned 
el ec t r i  c uti 1 i ty compani es , energy producers , 
and gas pipe1 i ne companies. 

Toward t h a t  end three 

METHODOLOGY 

The methodology i s  a blend of qualitative 
and quantitative techniques. Group discussions 
and interviews w i t h  representative decision- 
makers provide information relevant t o  (1) 
above. Techniques to identify and model the 
decision-making behavior (2 )  include the use 
of relevance trees and assessment of mu1 t i  - 
attribute u t i l i  ty functions. Two relevance 
trees were devel oped to i nsure the f 1 exi b i  1 i ty 
needed to accomoda te  the di f f erences among 
i ndus t ry  groups. 
factors were determined from information 
gai ned i n earl i er  research. These factors 
were expanded and ref i ned after conferri ng 
with industry experts from academia and the 
business sector. Figure 1 is the relevance 
tree for the u t i l i t i es  group; figure 2 is  the 

The i ni t i  a1 re1 evance tree 
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tree for the producers and pipe1 i ne groups. 
Al though the same five main branches appear on 
each tree, they have different characteristics. 
Under the financial factor, Return On Investment 
(ROI) i s  a sufficient measure of the efficiency 
of investment capital f o r  producers and pipeline 
companies. However, the u t i l i t i es ,  due largely 
t o  regulatory considerations, are sensi t i  ve t o  
two sub-components , cost of investment and cost 
of electricity. The availability factor i s  
also operationalized differently, with u t i l i t i es  
showing concern for fuel supply and lead time i n  
addition to site,location. A third example, of 
the different perspecti yes among i.ndustry groups 
i s  the operational factor. The u t i l i t i es '  man- 
date t o  provide u n i  nterrupted continuous service 
requires a reliable and flexible source of 
energy. The other industries are not  under t h a t  
mandate and are more concerned w i t h  flow charac- 
ter is t ics  and technological reliability. 

Attributes from the relevance trees are then used 
i n  the assessment of mu1 tiattribute u t i  1 i ty func- 
tions. 
i nves tors were based on recent mu1 t i  at tr i  bute 
u t i l i ty  theory [2,  3, 41. 

Efforts t o  quantify the preferences o f  

The choice of the form of the mu1 t i a t t r i  bute 
u t i l i t y  function requires testing for mutual 
preference independence and u t i  1 i ty independence. 
After veri fy i  ng mutual preference i ndependence and 
es t a  bl i s hi ng u t i  1 i ty i ndependence for the one 
necessary factor, lottery questions are used t o  
determi ne whether the addi ti ve or mu1 ti p l  i cati ve 
form of the mu1 t i  a t t r i  bute u t i  1 i ty f uncti on is 
appropriate. For each i ndus t ry  representative 
condi tional u t i  1 i ty functions for i ndi v i  dual 
factors are assessed w i t h  either the lottery or 
direct assessment methods. The results of a 
series of trade-off questions are then used to 
determi ne the scal i ng constants . Wi t h  this 
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The condi t ional  u t i l  i ty curves assessed f o r  
each representat ive showed t h a t  on some fac tors  
the  d i f f e r e n t  e l e c t r i c  u t i l  i t i e s  had widely d i f -  
f e r i n g  r i s k  preferences. This was most notable on 
the f i nanc ia l  factors (cost  o f  investment and cost 
o f  ' e l e c t r i c i t y )  . 
fac tors  and ' c r i t i c a l  ranges o f  each fac to r  fo r  the  
e l e c t r i c  u t i l i t y  representat ives i s  underway. 
This work, p lus t h a t  from the remaining two i n -  
dus t ry  groups, w i l l  then be used t o  determine the 
e f fec ts  o f  various incent ive  schemes. 

The analysis t o  determine the  most important 

informat ion a m u l t i a t t r i b u t e  u t i l i t y  func t ion  i s  
developed i n  the  form: 

(1 1 

( 2 )  

u(xi) = n ki ui (xi) 
' 

i =1 
or 
l t ku (x i )  = IT (1 + kkiui(xi)) 

where u. represents the  condi t ional  u t i l i t y  o f  
an i n d i h d u a l  fac to r ;  k., the sca l ing  constant 
o f  an i nd i v idua l  factor!  and k, another sca l ing  
constant found from the  value of the  kits. 

PRELIMINARY RESULTS 

A t  the  f i r s t  meeting f i ve  e l e c t r i c  u t i l i t y  
companies were represented by i nd i v idua ls  who 
were a l l  p r i n c i p a l l y  involved w i th  t r a d i t i o n a l  
power systems planning. During t h i s  i n i t i a l  
meeting a number o f  po in ts  concerning investments 
i n  in tegra ted  geopressured-geothermal energy 
sources became clear.  

The u t i l  i t y  representatives are purchasers 
of technology, no t  developers. They view 
geopressured-geothermal as cu r ren t l y  being i n  
the technological development stage. Hence, 
whi 1 e they were aware o f  geopressured-geothermal , 
they had no t  fo rmal ly  considered i t  as an 
a l te rna t ive .  Statements were made by the 
representatives t o  the  e f f e c t  t h a t  they would 
consider geopressured-geothermal when i t  became 
"viable". They def ined v iab le  as some po in t  
where reservoi  r and technological questions 
are l a rge ly  answered. 

Representatives a lso  noted t h a t  when an 
investment a l t e rna t i ve  i s  deemed viable, needed 
and a t t r a c t i v e  by a technical  un i t ,  i t  i s  ad- 
vanced as a recommendation t o  a f i n a l  decis ion 
stage w i t h  the company's d i rec to rs .  

During the  course o f  the  meeting the  discus- 
s ion  was expanded t o  include the po ten t i a l  use 
o f  the geopressured-geothermal resource as a 
source o f  methane f o r  cur ren t  methane burning 
generating f a c i l i t i e s .  However, t he  opinion 
expressed was t h a t  the cur ren t  environment i s  
no t  conducive t o  developing the  resource so le l y  
f o r  methane extract ion. ,  

The development o f  the  decision models f o r  
the  ind iv idua l  u t i l i t y  representatives was i n i -  
t i a t e d  by s o l i c i t i n g  agreement on the fac to rs  
i n  the relevance t r e e  (Figure 1) and each fac to r ' s  
range. 
sus o f  the  representat ives was t h a t  the  fac to rs  
adequately and completely represented the  types 
o f  informat ion considered i n  t h e i r  investment 
decisions. Moreover, they a lso  agreed t h a t  the  
pre-selected ranges were sa t is fac to ry .  The tes ts  
o f  the independence condi t ions establ ished t h a t  
the add i t i ve  form o f  t he  m u l t i a t t r i b u t e  u t i l i t y  
func t ion  was appropriate. 

A f t e r  a per iod  o f  discussion, the concen- 
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