
Geothermal Resources Council TRANSACTIONS, VOL 9 - PART I, August 1985 

TIE FINANCING OF A DEMONSTRATION GEOTHERFW PROJECT 

Gerald 0. Lesperanze 
A1  te rna te  Energy Special  is t 

Department of Planning and Economic Development 
335 Merchant S t r e e t ,  Room 110 

Honolulu, Hawaii 96813 

ABSTRACT 

The Sta te  of Hawaii s t a r t e d  a geothermal 
explorat iou program, focused i n  the Kilauea 
East Rift Zone of the Islarid, i n  the l a t e  
1960's. The urgent demand for  a l t e r n a t e  
energy created by the global petroleum 
disruytioils of the 1970's encouraged Federal 
agency energy agencies t o  jo in  the Hawaii 
team t o  d r i l l ,  on the f i r s t  at tempt,  a 
successful deep well, and cons t ruc t  a 
3-megawatt wellhead generator. The cos t s  were 
high, especially fo r  the generator,  but t h i s  
timely demonstration of a viable geothermal 
resource llas encouraged pr iva te  developers. 

The 3,218 kilometer Hawaiian Island chain 
developed in  a southeasterly d i r ec t ion  with 
the Island of Hawaii, a t  the southeast  end of 
the archipelago, is the youngest and most 
volcanically ac t ive  island. Because of i t s  
volcanic o r i g i n ,  no indigenous f o s s i l  fue l  
reserves ex is t  in  tlie chain. The 
dislocations that occurred i n  the global o i l  
market i n  the 1970's Nere pa r t i cu la r ly  
c r i t i c a l  for Hawaii which, even today, a r e  
deperident on irnpor ted petroleum fo r  over 90% 
of i ts  energy. Over $1 bi l l io r i  leaves the 
S ta t e  airnually for  petroleum. 
could develop more of i t s  abundant na tu ra l  
energy resources, coilsiderable more money 
could s tay  a t  hoiae working for  its people. 

I f  i-ia\Jaii 

Hawaii had begun t o  take a se r ious  look 
a t  i ts  a l t e rna te  energy options i n  the l a t e  
1960's and ea r ly  1970's. Four shalloN 
geothernial exploratory wells had been d r i l l e d  
i n  the Puna region of the Kilauea East R i f t  
Zone i n  the 1960's. This exploration 
indicated t h a t ,  i f  any geothermal r e se rvo i r s  

ex is ted ,  they were a t  considerably g rea t e r  
depths and could be exploited only a t  great 
cos t .  In  1971, the University of Hawaii 's 
Center fo r  Engineering Research completed a 
report of new energy sources that had been 
requested by tlie Legislature.  
general coilcensus that geothermal of fe red  the 
most promising, near term baseload indigenous 
a l t e rna te  energy resource. 

There was 

In 1972, the same Center for  Engineering 
Research submitted an ambitious $2.7 mill ion 
research proposal, ca l led  Project Pe le ,  t o  
the National Science Foundation (NSF). 
multidisciplinary proposal included: a 
geophysical program cons is t ing  of sur face  
s tudies ,  a s e r i e s  of shallow wells and one 
deep well; an engineering program of 
reservoi r  engineering and conceptual power 
plant design; and an environmental/ 
socioeconomic program. The Hawaii S t a t e  
Legislature and the County government of t he  
Island of Hawaii each granted the pro jec t  
$100,000 contingent upon i ts  receiving NSF 
matching funds. However, the project was not 
immediately funded by NSF. 

The 

Instead, i n  mid 1972, NSF awarded a 
smaller geothermal research grant of about 
$400,000 t o  George Keller, a professor of 
geophysics a t  the Colorado School of Mines, 
for  a 1,067 meter exploratory well i n  the 
Hawaii Volcano National Park near the Kilauea 
Caldera. 

By l a t e  1972, the proposal t o  NSF had 
been res t ruc tured  because i t  was decided that 
the project would have a b e t t e r  chance of 
being funded i f  i t  included RGD that l ed  
d i r ec t ly  t o  the conversion of geothermal 
energy in to  e l e c t r i c i t y .  
Geothermal Project (HGP), i t  requested 
$5 million over a two-year period to:  
perform short-range exploratory and applied 
technology research leading to d r i l l  s i tes;  
d r i l l i n g  one deep hole that would hopefully 
tap  a reservoi r ;  and well tes t ing  and design 
of a 10 megawatt prototype geothermal p lan t .  
In 1973 and 1974, NSF provided $469,000 which 
with $100,000 from tlie S t a t e  and from the 
County, permitted a constructive s t a r t  i n t o  
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the i n i t i a l  phases of the HGP, pa r t i cu la r ly  
r e l a t  irg t o  geophysical surveys. 

Iri ear ly  1974, the Nat ional Liaison Board 
(NLB) recomnerided that HGP proceed rapidly 
with an experimental d r i l l i n g  program at 
e i the r  Palioa or Opihikao i n  the Kilauea Lower 
East d i f t  Zone. The NLB was composed of 
geologis t s ,  geophyizs, and engineers from the 
U.S. bkiiiilarid. Exper ts on geothermal power 
development, they monitored and advised HGP 
on i t s  progress and d i r ec t ion .  
such as the NSF and the 1J.S. Geological 
survey were represented on the NLB. 

Key agencies 

kiot her HGP advisory group, the Hawaii 
Advisory Committee (HAC), encouraged the 
organization of a d r i l l i n g  program. 
wds composed of leaders from Hawaii s 
business, p o l i t i c a l ,  aild commuiii t y sec tors  
t iiat were in f luen t i a l  i n  formulat ing Hawaii s 
energy polit-y. Their support was c r i t i c a l  
for  the suLcessfu1 development of geothermal 
energy. Within a few months the Hawaii S t a t e  
Legislature had appropriated $500,000 
iont ingent upon Federal matching funds fo r  a 
s iiig le- deep we 1 1. 

The HAC 

A $2 million proposal including $1.2 
mill ion for- a dri11iIig program was submitted 
t o  NSF in  July 1974. 

The U.S. Energy Rescarch and Development 
Administrat ion (ERDA), predecessor t o  the 
U.S. Department of Energy, was briefed on the 
proposal i n  February 1975. I n  l a t e  April  
1975, EKDA iiiformed John Shupe, the  Ekecut i v e  
D i r e L  tor of HCGP, that  the project would 
receive over $1 mi l l ion  fo r  the period 14ay 
1975 - April  1976. Pfith the $500,000 from 
the  S ta te  and $45,000 from the Hawaiian 
Elec t r ic  Company, tiie pro jec t  amounted t o  a 
t o t a l  of over $1.6 mill ion.  

A 1  t iiough there was no unanimous 
agreement, tlie s i t e  s e l ec t ion  committee 
se lec ted  the Palioa a rea  for d r i l l i n g  based on 
tlie geological evidence. 

The d r i l l i n g  solisultarit was the  New 
Zealand firm of Kingston, Reynolds, Thomas 
and Alai-dice (KRTA). Only one d r i l l i n g  bid 
was received, from Water Resources 
IriteriLat ioiial , the  Hawaii-based company that 
Iidd previously dr i 1 led I-lawa i i ' s only deep 
geotherml  well. The ac tua l  d r i l l i n g  
Lommenced December L O ,  1976 and was completed 
oil April 27, 1975 at  the target depth O E  
1,351 meters. Since the d r i l l i n g  mud at  
1,829 meters was about 6 3 O C ,  and heating up 
as time passed, i t  was c e r t a i n  that the well 
bias hot. Various t e s t s  through May 9 ,  1977 
iiidisated that tiie well output had s t ab i l i zed  
r l . d  extrapolat ions indicated that the well 
~ o u l d  generate 3 niegawat ts of e l ec t r i t - i t y  
over a 30-yedr period. Tests revealed that 
t 1ic clo~ii,iole temperature approached 350°Ct 

one of the highest temperatures ever recorded 
i n  a geothermal well. 

As with most research pro jec ts ,  the  
d r i l l i n g  and well t e s t ing  programs ran  i n t o  
delays and problems that increased cos t s .  
ERDAwas ca l led  upon severa l  times during the 
project for  addi t iona l  f inanc ia l  ass i s tance .  
ERDA and i t s  successor,  the fJ.S. Department 
of Energy, provided a t o t a l  of s igh t ly  more 
than $2 mil l ion  during the exploratory 
d r i l l i n g  and well tes t ing  phases. The S t a t e  
of Hawaii provided another $66,000 t o  i t s  
i n i t i a l  $600,000. Water Resources 
Int ernat ional donated $60,000 of i t s  t ime t o 
f i n i s h  the well to  1,951 meters. The t o t a l  
cost of the project from 1973 through 1978 
amounted t o  $3,387,000. 

Although the  cost was high, i t  funded 
numerous act i v i t  ies ranging from geophysical 
surveys t o  socioeconomic assessments. The 
project was intended t o  provide basic 
research and development that would lead t o  
the commercialization of the geothermal 
resources in  Hawaii. I t  was not intended t o  
be an exploration fo r  geothermal resources or 
t o  be an eventual profit-making venture. The 
project d id  discover a prodrict ive geothermal 
w e l l  and a po ten t i a l ly  la rge  geothermal 
reservoi r .  Estimates of the reservoi r  
generating capacity ranged up to 500 
megawatts of e l e c t r i c i t y  fo r  a century. 
weil was designated HGP-A . . . Hawaii 
Geothermal Project - Abbott. Professor 
Agatin T. Abbott was the i n i t i a l  d r i l l i n g  
program coordinator.  I t  was through h i s  
tenac i ty  that the  Pahoa area was se lec ted  
over the Opihihao s i t e  i n  ea r ly  1975. H e  
died before the d r i l l j n g  ac tua l ly  s t a r t e d .  

The 

As the a t  tent ion of key !iGP personnel 
turned t o  the potent i a l  of a demonstrat ion 
geothermal power plant a t  HGP-A, i t  was 
recognized tha t  ERDA's f i nanc ia l  
part ii. ipat  ion was essent i a l  . 
understandably re luc tan t  , having already made 
concentrated support to  Hawaii's geothermal 
program. 

ERDA was 

In 1977, a consort ~um ca3 led the HGP-A 
Development Group (HGP-A/X) and consist  ing 
of the S t a t e  of Hawaii's kpartment of 
Planning and Economic Development, the 
University of Hawaii's College of 
Engineer iiig , and the County of Hawai i ,  was 
formed f o r  the purpose of planning and 
implementing a coordinated program of 
geothermal research and development, with i t s  
f i r s t  ob jec t ive  being the design, 
construct ion and operation of a small. 
demonst ra t  ion plant powered by the ICP-A 
well. Because of lega l  cons t r a in t s ,  ne i the r  
t he iiawa i i Elec t r ic Light Company (HELCO) on 
the  Island of Hawaii nor i ts  parent 
organizat ion, the Ilawaiian Elec t r ic  Company 
(IIECO) of Honolulu, became f u l l  partners of 
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the HGP-A/DG. 
of the project were: 

The formally s t a t ed  purposes 

a. To prove the technical f e a s i b i l i t y  of 
baseload power production with a small 
geo t herma1 electric gener a t  or System. 

b. To c o l l e c t  da ta  to  be used i n  the 
comparison of small e l e c t r i c  
generating systems usiilg other 
coiivers ion technology. 

c. To obtain da ta  on the economics of 
using a small geothermal e l e c t r i c  
generator system. 

d. To obta in  da ta  on the ex is t ing  
geothermal well t o  fur ther  the 
de ve 1 opme nt of ge o t her ma 1 re source s . 

Preliminary negotiations between 
the IIGP-A/DG aiid the U.S. Department of 
Energy were completed on Jurie 9 ,  1978, 
with the signing of a four-year , over 
$6 mi l l ion  cont rac t  t o  i n s t a l l  and 
operate a three-inegawat t wellhead 
generator. The S ta t e  of Hawaii 
provided an  i n i t i a l  $400 , 000 , the 
County of Hawaii $100,000 and HECO 
$25,000. The consuitant, i n  t h i s  
p ro jec t ,  Rogers Engineering, Inc. ,  of 
Saul Francisco a s s i s t ed  by t l i r a i  and 
Associates of Hilo,  Hawaii, performed 
the erigineering design and construction 
management. The "front end" equipment, 
Including the wellhead valves , 
liquid/vapor separa tor ,  and the steam 
bypass t o  the rock muffler was bu i l t  
during l a t e  1979; the si te work, 
irivolviiig grading, equipment 
fouiidat ions,  aiid the turbine generat or 
buildiiig were constructed i n  1980; the 
fi l ial  phase of work including the 
i n s t a l l a t i o n  of a l l  the e l e c t r i c a l ,  
mechanical and irist rument.at ion 
equipment, piping and wiring , was 
e s sen t i a l iy  completed i n  May 1981. The 
well vJas opened on Julie 1 2 ,  1981 and 
i n i t i a l  power was generat.ed on Ju ly  18, 
1981. We understood that Hawaii became 
the second S t a t e  i n  the United S ta t e s  
(CaLifornia bias f i r s t )  t o  have an 
operating geothermal plant.  These 
events d id  not take place without 
s ign i f  Icant d i f f i c u l t i e s  including the 
f a i l u r e  of the turbine. The U.S. DOE 
by t h i s  time had provided $2.1 mill ion 
more than i t s  o r ig ina l  commitment, the 
S ta t e  of Hawaii $1.2 mill ion more, and 
the p r iva t e  sec tor  $30,000 more. The 
t o t a l  cost exceeded $10 mill ion.  An 
addi t iona l  rnillioii do l l a r  advance was 
provided by I-IELCO t o  cover shakedown 
cos ts  and t o  make the plant f u l l y  
operationable. I t  was c lea r ly  
wderstood tha t  the I.IGP-A/DG would pay 

off the debt with net income froin the 
plant operat ion. 

In l a t e  August 1981, the  well was 
shut-in fo r  about three months while 
the turbine was reworked. In  December 
1981 the plant was Srought back on 
l i n e .  However, another delay of three 
months developed when rebalancing of 
the generator was required by the 
manufacturer because of def ic ienc ies  
noted i n  other generators of t h i s  type 
at  other locations.  In  kiarch 1982, 
HELCO put the plant on commercial 
operation producing 2.4 megawatts n e t ,  
and assumed re spons ib i l i t y  fo r  the day 
t o  day operation and maintenance of the  
plant.  

The cost of the completed project 
exceeded o r ig ina l  estimates by about 
25%. High construction cos t  was the 
biggest  contributing fac tor  t o  the 
overrun but equipment ran 15% over 
estimate as did the uni t  cost  for  
engineer iiig services. 

Between March 1982 and March 1985, 
the S ta t e  of Hawaii provided addi t iona l  
funds toward the plant:  
March 1982 fo r  modifications and 
improvements; $80,000 i n  Ju ly  1982 t o  
i n s t a l l  a hood and stack system f o r  the 
muffler; $150,000 i n  1983 t o  modify the 
br ine  system and perform an overhaul 
including replacement of the turbine 
bearings; and $400,000 i n  two 
installments i n  1984 to  expedite 
l iqu ida t ion  of the debt acquired by the 
Development Group t o  HELCO for plant 
s t a r t  up cos ts .  That o r ig ina l  debt of 
about $1 mi l l ion  i n  Elay 1982 increased 
t o  $1.2 mi l l ion  i n  September 1982. I t  
never d id  f a l l  appreciably below $I 
million u n t i l  December 1983. Monthly 
in te res t  was pegged t o  prevail ing 
in t e re s t  r a t e s  which exceeded 15% i n  
ear ly  1982. 

$300,000 i n  

About the same time tha t  the S t a t e  
applied appropriated funds toward the 
debt,  the monthly revenues i n  excess of 
plant operating cos ts  became 
cons is ten t ly  favorable. On February 1, 
1985 the debt was down t o  $234,000 with 
a good po ten t i a l  of being l iquidated by 
year -end. 
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Table A shows some of the key plant 
operat ing c o s t ,  revenue and product ion 
da ta  for  1983 and 1984. 

TABLE A 
HGP-A OPERATIK; DATA 

Operating Labor and Overhead 

bkintenance (excl. overhauls 
and abatement 1 

Abatement Chemicals 

01 her Abat enent 

Environment a1 Monitoring 

Security 

Overhauls 

Misce IldIIeoUS 

TOTAL 

Dcbt Serviiing 

Net !Mi PTOdUied 

Revenues ($000) 

1984 - 
$000 % - -  

194 21 

118 13 

299 32 

100 10 

125 13 

40 4 

4 5  5 

17 2 

981 100% 

- -  

44 

20,661 

1 ,2r10 

1983 - 
$000 : - -  
184 18 

115 11 

298 30 

s2 3 

131 13 

46 5 

139 14 

56 6 - -  
1,001 100% 

74 

19,328 

1,041 

Ln edr ly  1984 , the Development 
G-oup recogiiizeJ that the o r ig ina l  
goals for es tab l i sh ing  a wellhead 
generator plant  at IIGP-A had been 
real ized. An iiiquiry revealed severa l  
loca l  pr iva te  comapriies vere in te res ted  
i n  pursuing negotiations leading toward 
t ransfer  of the p l a i t  t o  the pr iva te  
sect o r .  However, there were some 
ser ious  coristraints.  There were a 
wnber of strict liceilsing and 
perini t t iiig requirements that had been 
Ilraived, deferred,  or reduLed because 
t he plant was a government -owned 
demolistrdt 1011 f a t . i l i t y .  As a 
pi- ivat e 1 y- ormed "c. ormnert i a  I" f ai- 1 11 t y 
the regulatory requirements would 
iiecessari ly have t o  be enforced. 

In Inid-1984, S t a t e  funds that were 
ident i f  i ed  for  economic development on 
the Islalid of HavJciii were made 
dvailable t o  dcsign and const ruc-t  a 
'%Puna Geothermal Research Fat i l i t y "  at  
1lGP-A for  research, development, and 
demoilstrdt ion espec ia l ly  i i i  di rec t  
( nor i- c 1 ec t r i t  ) geo t her ma 1 
dppL i t  at loris. Complet ion of the 
rcseart 11 fat i l i t  y scheduled i n  1985 
suggests t hat governmeiit -ownership of 
the IltiP-A geiierat or plant Mould bet t e r  
eiisure a plat form for ~ 0 1 i t  inuing 1UGO. 

be I ng re-evaluat ed. St ra t  egies a r e  being 
defined. Major improvements and defer red  
maintenance a re  needed if the plant is  to  be 
operated a "few more years." I t  would be 
highly des i rab le  t o  continue t o  demonstrate 
f o r  potent i a l  geothermal developers that 
geothermal energy in  Hawaii is v iab le .  

SIlMdARY AND CONCLIJSIONS 

The volcanic or ig in  of Hawaii has forced 
the S ta t e  t o  import f o s s i l  f u e l  f o r  i t s  
energy needs. Fortunately, the S t a t e  
government , academia and pr iva te  sec to r  
s t a r t e d  t o  take a se r ious  look a t  t he  
potent i a l  for  indigenous geothermal energy 
immediately before global petroleum 
disruptions of the 1970's. The r ecep t iv i ty  
of the Federal Government to  seek a l t e r n a t e  
energy resources i n  the 1970's brought i n  a 
very welcome partner t o  Hawaii's team. 

I t  cost about $3.4 million fo r  
exploratory surveys, d r i l l i n g  of a deep well, 
and well t e s t ing  and analysis.  
mill ion was spent t o  build a 3 megawatt 
(gross) demonstration weLlhead generator 
plant and another $1 mill ion t o  make i t  xorlc 
r igh t  . 

Another $10 

I t  appears that the HGP-A Development 
Group now has the option of continuing t o  
operate the plant at no additional cost t o  
the government, t ransfer  i t  with o r  without 
reriumeration t o  the pr iva te  sec to r ,  or c lose  
i t  down. The first-named option appears t o  
be the l i ke ly  choice. 

Was the venture worth the f inanc ia l  
cos t?  
and t e s t  ing between 1973 and 1978, t he  answer 
is yes. 
viable geothermal resource capable of 
producing up t o  500 megawat t -centur ies  of 
e l e c t r i c i t y  in  the Kapoho Reservoir. Was the 
$10 t o  $11 mill ion expended fo r  the 
demonstration 3 megawatt wellhead generator 
plant a good investment? The plant d id  and 
does graphically demomtrate t o  po ten t i a l  
developers and skept ica l  res idents  t ha t  the 
geothermal resource i n  Hawaii can produce 
e l e c t r i c i t y .  The plant has been adapted so 
that i n  the words of a spokesman fo r  the near 
subdivision, "i t  has become a g o d  
neighbor . '' The government and pr iva t e sez t o r  
have learned more about the spec i f  i r -  nature 

As f a r  a s  the exploration, d r i l l i n g  

$3.4 million proved there was a 

1985 marks a r e a l  trossroads f o r  
the tltiP-A kvelopmerit Group. Goals a re  
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of the geothermal f l u i d s  and thei; 
aypropr i at  e (11 sposa 1. 

TABLE B 
HGP-A CAPITAL C O X S  ($000) 

Fed’l State County Private - 
Exploration 588 100 100 39 

Drill 4 Initial Test 1,472 500 - 105 

Well Tkst & Anal 417 66 - 
Install Generator 8,314 1,621 - 55 

Post Start Up 930 - - - -  - 
TOTAL 10,791 3,217 100 199 

PERCWT 75.4 22.5 0.7 1.4 

Total 

827 

- 

2,077 

48 3 

9,999 

930 

14,307 

100 
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