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This engineering and ecorrcanic study evaluated the p t e n t i a l  for deve- 

loping a geothermal industrial park in  the Puna D i s t r i c t  near Pahoa on the 

Island of Hawaii. Direct heat industrial applications were analyzed from a 

marketing, engineering, econanic, environmentdl, and sociological standpoint 

to determine the rmst viable industries for the park. 

An extensive literature search groduced 31 existing gcccesses currently 

using geothermal heat. An additional list was ampiled inlicating inlustrial 

processes that -re heat that could be provided by geothermal energy. 

E’ran this infomation, 17 possible processes were selected for mideration.’ 

Careful scrutiny and analysis uf these 17 processes revealed three that  

justif ied detailed ecolxmic workups. 

%e three processes chosen for detailed .analysis were: an ethanol 

plant using bagasse and mod as feedstock; a cattle feed mill using sugar 

cane leaf trash as feedstock; and a papaya processing fac i l i ty  providing 

both fresh and pmcessed f rui t .  In addition, a research fac i l i ty  to assess 

and develop other messes was treated as a concept. 

Consideration ‘was given to the imp3iments to developnent, the engi- 

neering process requirements and the gcwenmnental support for each process. 

Ihe study describes the geothermal w e l l  site chosen, the pipe l ine to 

transmit the hydrothermal fluid, ard the infrastructure required for the 

industrial park. A conceptual developnent plan for the ethanol plant, the 

feedmill and the papaya processing fac i l i ty  was prepared. 

The study amcluded that a direct heat industrial park in Pahoa, Hawaii, 

involves considerable risks. If a developer wishes to proceedr he should be 

assured of the viability of tenant gmcesses. EJO processes =re discovered 

which muld cbviously benefit by mving irumediately to a geothermal 

industrial park near Pahoa. 
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Introduction 

The increasinghigh oost of hnprted oil has created a favorable econo- 

mic and political climate for geothermal developnent in Hawaii. Way, 

"energy self-sufficiency" is a major ooncern of Hawaii state and county 

governments and the business camunity. 

The long term benefit of geothermal developent as plrt of that energy 

self-sufficiency plan for Hawai i  can be substantial. Geothermdl. electric 

power generation &ears b be assured for at least the first 25 t& of 

electric pmr. EbmJever, direct heat applications enjoy 110 similar 

assurance of SUCC~SS. 

This  study addresses tential for success of the cpnceptual use of 

geothermal k a t  in an industrial prk near Pahoa, Hawaii. 

IYARKET l32ENTmImm 

A literature direct heat a@ications resulted in 

31 processes. Separately , selected team mrs sutxaitted 

their assessment for each ss. Selection criter dictated that poten- 

t i a l  processes: 

- Beheat intensive. 

0 alS t imports. 

- Be technologically proven. 

Be free fram any known limiting barriers. 

- Have a potential market. 

The principle aondlusions-reached from these assessments were: 

- No ule process stood cut as an assured success 



- There muld be problems associated w i t h  a l l  developcents 

- It is difficult  to penetrate OQnPlex Hawaiian markets 

- 
- 

Transportation to a d  frcm Pahoa is a critical factnr 

Transfer of W a n d  technology to Hawaiian application must 

be done carefully. 

!&mqh repeated review w i t h  increasingly stringent criteria for 

inclusion in the Mustrial perk, the list was narmwed to eight pten- 

tially pmnising inaustries. In addition, a research facility was torr- 

ceived for the park w i t h  the intent to test and pmve additional pmcesses. . 

The eight ptential pmcesses selected for an initial eammdc viability 

analysis were: 

-culture ariented to the production of tilapia (freshwater 
fish) 

Cattle feedmill using sugar cane trash -/or bagasse 

Freeze drying of Kona coffee 

Koa lmber pmcessing using a geothermal heated kiln 

papaya rpocessins 

m*in recovery plant 

Geothermal applications research laboratory (concept m l y )  

SITE DEmKmmT 

For the plrpose of this study, a site lccated about 1 mile southwest of 

Pahoa in the Puna D i s t r i c t  cn the Island of was used. (See figure 1.1.) 

Hawever, the actual implementation of the industrial pirk concept 

. 

developed in this study may be equally feasible cn other sites near the 

geothemal field. Ld 
X 



GM)THERMAL- 

m e  primary geothermal’ resource in the state of mwaii is bund in the W W m e  primary geothermal’ resource in the state of mwaii is bund in the 

Kilauea Volcano east rift m e  that trends in a mrth easterly direction 

two miles south of Pahoa. me surface geological expressions suggest that 

geothermal resources are likely to be found mre or less continuously 

through this zone. plus, a praposed drilling site 2-1/2 miles south of the 

industrial p r k  site h a g c d  p r o b a b i l i t y  of success. The cky hole risk 
of dril l ing at the rpaposed w e l l  site i s  3 i n  10; the probability of 

attaining adequate resource fir the industrial park is estimated at 70%. 

%Q geothemal zesource developent scenarios were originally deve- 

loped to provide k a t  br the inaustrial prk: 

1. Bvelopnent of geothennal wells as a primary energy source for a 

25 H e  p w e r  plant, hth 
industrial park. %e Cpst for hydrothermal fluid transmission 

and the cost br the well developent muld be qprtioned bet- 

ween the electric Wlication ,and the direct heat qlications. 

Developnent of geothennal-wells and transmission facilities dedi- 2. 

cated to the industrial p r k  and thus indeperdent of direct 

electric pier generation. 

Under either scenario, the hyarothermal fluid wuld be cunv- to 

stem at  the wellhead and transported 2-1/2 miles to the 800 acre 

industrial site located at the edge of the rift zone. Geothermal brine 

muld be re-injected at the v e l l  site 

. Initially, a price of $2.67/MJ3TU was calculated fbr geothermal stem - 

based upon three prcducing wlls assuming 1000 BIU is cbtained per pound of 

%is price is fuel stem mts at $7.46/MJ3TUO 

x i  
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As the study progressed and the specific industrial processes and their 

associated geothermal requirements were known, the geothermal steam pice tr! 
was mtd to $5.934/~B~~ i f  cmly one industry aperates. 

An initial ecomic viabil i ty test assessed the differential  costs of 

locating each of the eight potential industries in the industrial park at 

Pahoa versus the industry's current location. Freight, logistics, energy 

and distribution costs were Sound to be the g c h r y  variables. 

Three industries to be e c o d c a l l y  viable when located at 

ethanol plant, the the p r k  after this initial analysis. These were 

cattle feed m i l l  and the papaya processing plant. Each industry was then 

subjected to detailed engineering and e c o d c  analyses. 

mtential barriers to and mncerns about developing a geothermal 

industrial park at Pahoa, Hawai i  were evaluated. 

These issues involved the major social, environmental and legal matters 

impacting cn the gmposed mnceptual park develapnent. permitting proce- 

dures were addressed. 

Fram the foregoing, a m s t  feasible mncept for the park was 

developed. This is: 

1. ?he anchor industry muld be a cazrmercial ethaml plant designed 

to produce 20,000 Spa of fuel-grade ethanol and other energy 

, x i i  



products. Init ial  feedstock muld be bagasse and mcd fran M a  ccd 

2. 

3. 

4. 

A cattle feedmill Hould produce a mug t for cattle 

feed using sugar cane leaves (trash) which wxld be d i n e d  with 

a binder and then cubed and dehydrated. me primary market for 

th i s  product wnild be in Japan. 

A papaya processing fac i l i ty  WMild include a refrigeration wled . 

warehouse for fresh f rui t ,  a puree pmduction line, and a vacuum 

dehydration pmcess for making p y a  snacks. Papaya i s  

currently the mainstay industry in the lower Puna District, and 

such a plant a x l d  offer an cpportunity for cooperative ownership 

by the local Hawaiian farmers. 

A research fac i l i ty  to test the feasibil i ty of other direct heat 

al?plications and develop additional pnnising pmcesses including 

small scale low w r a t u r e  a@ications wxld also be 

coplsidered. 

FINANCING EUNS 

A t  such time a developer and/or investor becanes interested in anuner- 

cialization of geothe 

inst i tut ions actively ' 

financing plans and sponsor a credit facili 

mated project 00s- based on the Federal. Govermentts geothermal loan 

guarantee program. 

based on the findl park concept, laxling 

in geothermal d e v e l o p a t  w i l l  develcp 

finance 75% of the =ti- 

x i i i  



mcLus10Ns 

Ihe establishment of an industrial. park utilizing geothed heat is 

possible but involves amsiderable risk. 

requires a developer 

developer should be fully satisfied that the anchor industry and the other 

proposed m k  industries are technically and ecorwmically viable With 

assured markets. 

This industrial park concept 

and capable of ass- those risks. Such a 

In this study rn gmcesses viere discovered d c h  muld 

either significantly benefit by relocation or WMild be guaranteed reas- 
J 

nable success if initiated as a new industry. 

Li 

xiv 



Introduction 

?he Big Island of Hawai i  has been described as a sleeping giant, an 

island with a challenge and an island in trouble. bbne of these brief 

descriptions adequately describe the island of Hawaii in relation to the 

developnent of a geothermal innustrial park near Pahoa i n  the lower Puna 

district. However, i n  a sellse, the district's Kapho geothermal resource 

is a "sleeping giant" and a "chall 

scm of the islandls goals relating to econmic developnent and energy 

self-sufficiency. 

mis chapter provides a camunity profile of the Puna district 

together with its history, its p p l e ,  ard its climate. A s u m a ~ ~  of 

recent business devel&nent experience dorq with mii 00untyls goals for 

energy self-sufficiency are included. 

Camunity Profile 

me island of Hawaii 
population and conanercial aAiv . me puna district, on 

suburbs of the ci ty  of Hilo to the 

area is generally rural and qri- 

bulk of the muntyls ppya , -  

00,000 in  m u a l  sales. In 

addition, the illegal marijuana crop figures p~minently in  the ecancny of 

h e r  Puna and the county. 

1-1 
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Puna: A Rural Ccmude in Transition 

An examination of Pahoa, Puna's largest carpnunity, indica- 

tes a fa i r ly  recent history. Ancient Hawaiians in  the area had 

generally settled'in coastal camuiities e x t e ~ i n g  up the rugged 

Kalu/puna coastline bo Hilo. Kalapana, Kapoho, Cpihikao, Kilohana and 

pohoiki ELX? thriving fishing cumunities trading dried fish with 

upper Hilo/ Hamalcua villages for dried meat, vetables, taro, 

potatoes, ar tapa cloth. 

In the late 1 8 O O 1 s ,  the Ola'  Oompany, later to becane the 

Rma war OQnPany, 

sugar and expanded southward establishing the of 

lanted its acreage fran coffee and rubber to 

~ahoa. %e olriginal tmwn site which was near the present Yamaguchi  

Service Station was later m e d  to a nearby site near the Akeborw, 

meatre When the ~ahoa mi oanparr~ established a sawmill to cut 

ohia timber to manufacture railroad ties fbr the ~ s t w a r d  ming Union - 

and Southern Pacific Railks. In 1903, the 0h1a Sugar Uxtpany 

a new plantation store and plantation buses on the 

hill next to the church. 

pahoa's -tion at  that time cpnsisted of recent importea- 

Hawaiian mranunity. 

this mti l  the 1960's, 

time, m e  explora d r i l l  m k  place 

residents 'arrived 

* Heavy in-migration e continental U.S. urban 

centem, m s t l y  fram the =st Coast. A significant nmber, m s t l y  

1-3 



Filipinos, arrived to mrk an the various fanns. (11 the other hard, 

early mainland newcaners generally were retirees settling cn lands 

pwchsed years ahead in any of the several large -1956 sub= 

divisions (figure 1.2) which ere without electricity, water, drainage, 

sewage and adequate roads. Liecently, many younger Caucasians came in 

large numbers, seeking a self-sufficient lifestyle. Many are involved 

in @dolo (marijuana) cultivation, ptrchasing mre lands with the 

profits. 

aver 147% since overall, the Puna district population imxased 

the last census with Imer  Puna receiving the greatest portion of the 

for a t o u  paptlation of marly 5,000. 

According to lccal and Hilo realtors, large nunbers of these 

ne-, in all ethnic grwps, have migrated from m l u l u ,  W and 

Kana where heavy tmrist, Qmdauinim and itdustrial Qvelapnent are 

drastically altering the cultural landscape. 

bbst of the residents have a variety of jobs cutside of Lcrwer 

Fma, mstly in U o .  themq?layment averages 9.2% in the Lxer Puna 

D i s t r i c t .  Part of this high rate can be attributed to the seasonal 

nature of the fann w x k  and a large number of itinerants; but the si- 

mary cause is the limited local anplayment m r t u n i t i e s  coupled with 

the reluctance by certaln * residents to OQmnute beyona the district. 

In the early 19701s, in response to growth and changes, several. 

new businesses mved in- Pahoa including WOOIS Pizza &use, a 

naturdl food store, another laundmnat, a savirqs a d  amnercial bank, 

a bakeq/coffee house, a Qlinese restaurant, a used app?liance store, 

and an electronic games center. A mall  d i c a l  center atterds to the 

health needs of many in the canmunity. 

1-4 
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Curing the past few years, only one building, the Japanese 

Hongwanji (church) I was demlished to be replaced by a mre @ern 

structure. A new cumunity center of a n t e n p r a r y  architecture has 

been b u i l t  on a short street exteding outward frcm the main mad on 

which Pahoa's f i r s t  -st plblic housing (50 Units) have been 

built.  

mated to be WL-IAI $9 million in land and impmvements. 

Pahoa is approximately half a square mile in size and is esti- 

!t!he Puna Carunity Owncil has a mmbership of fkurteen 

organizations. %e (buncil provides an informal mtwork pmmting 

bette-t of the cumunity. me h r ,  the puna Hui chana, claims 

to be a Hawaiian mbrella oexmnunity arganization; it has a small staff 

that has the abi l i ty  to a x d u c t  limited research and to express eon\- 

munity issues and amcerns including geothennal/ecodc develpnent. 

%e other thirteen arganizations represent religious, ethnic 

subdivision, recreational, fraternal, business, parents, youth, and 

agricultural interests. 

Signs of changes to m e  are visible and are reflected in 

congestion of the highways, schools and restaurants and in  shortages 

of goods and services. The -unity Cbuncil has been actively 

pressuring the local cpvernmmt for a by-pass mad around Pahoa rather 

than widening the mad through town. This project is i n  the final 

stages pxding -unity acceptance and goverrnnental funding. 

People in the curanmity are currently experiencing the impacts of 

these changes. Projections in  the direction of these changes are 

l ikely to be misunderstwd if the cumunity is not ful ly  info- and 

mitigative masures provided. 

1-6 
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I ~ahoa is located rn the windward, rainy side of the island, at an 

elevation of 650 feet. me annual rainfall varies frcpn about150 

inches to 200 inches. (Figure 1.3) 

Much of the h r  Puna district has been overrun with lava. 

Pahoehe lava and recent aa lava flows are considered unsuitable for 

agriculture pmduction. m v e r ,  the old aa flows can support dense 

vegetation, papaya, and through eathering, the soil can be suitable 

for agriculture production. In the tiestern p r t i o n  of the district 

there are large stands of ohia forestsj the central. portion is Fi- 

marily devoted to the pmduction of sugar ;One and anthurium. Pze 

air is clear and the mee level is low. Bothof these factors play a 

prominent mle in the errvironmentdl. impact of geothermal deve.lopnent. 

1-7 
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Figure 1.3 .--MAP OF THE ISLAND OF HAWAI I SHOWING THE 
DISTRIBUTION OF RAINFALL 

Kalae Pt. 

Scale in Miles 

SOURCE: 
T a b l e  No. 1. 

County of Hawaii, Department of Water Supply, 2972-1973 Annuor Rqort,  
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Big Island Business Experience 
hd 

observations and exprier ice ooncerning business developlrent in the 

County of Hawaii indicate that the marketing of products has been the 

greatest single iment to the ecor#mic viabil i ty of a new venture. 

Rarely have land, building pennits, technical production, financing or 

. other amsiderations been a limiting factor. 

AS a backgk~na market identification, tmsinesses which  had failed 

within the last 10 years m the Big Is1 

was limited to growing, manufacturing and 

stores, vis i ta r  industry facilities, and other 

e r e  =amindo evaluation 

users e r e  

excluied. Itwas cmcl that ~ m x h t e l y  55% of m ventures failed 

due b; market factars, arrother 30% failea because of management factors and 

15% because of tal pmblems. It is higuy knprobable that the oost of 

energy was the deciding factor in any failure. Seven case 

evaluated. Ihe pAncipal findings are sumnarized Mow: 

Case #1: 'Ihe d i n a t i o n  of p r  p d u c t i v i t y  -led with market gricing 

problems created a situation here management could m longer 

those expected by the ampany shareholders. 

Case #2: An agricultural product qe ra t ion  failed because of a shortage of 

cash. They also had a marketing pmblem in that while a local 

t was found, markets outside of the limited Hawaiian mrket 

could mt be me 6 

Case #3: Management did mt  seem to have control of operating a t ,  m r  

could they penetrate the market. These factors, ooupled with 

increased inventory led to a cash shortage and then oollapse. 
kd 
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Case #4: A Midwestern cqerator attempted to establish an operation an the 

Island of thwaii using mainland techniques with l i t t le adaptive 

research information. A large capitdl investmnt was made in 

q i p n e n t  &ere mre econcanical alternates d d  have probably 

mrked as w e l l  01: better. 

Case #5: The developer created an operation that was too labor intensive 

and subsequently ran inb cash pmblems. The management also did 

not lnderstand b w  to market a new product, am3 had m staff 

available to handle the marketing function. resulted in 

excess cash being tied up in invenbry. 

Case #6:. 'Ibis operation was designed tn ~LY, process and ship an agri- 

cultural product. The market was good, bwever, the operator 

could mt  e t  market &ligations w i t h  regard tn quality and 

quantity. Fkaper management, a quality amtro l  program 

was mt instituted, which resulted in qa t ive  respnses fran 

the marketplace. The resulting cash flow problems irrrpacted the 

furls wailable for fer t i l izat ion,  which  in turn resulted in l o w  

yields per acre and eventual failure. 

Case #7: Management was apparently unable to determine the future require- 

ments of certain ' pmducts resulting in laqe inventories of mu- 

sable mufactured aponents .  

The cases reviewed contain a cxmmn thread of marketing gmblems, 

difficulties of cash flow, and weak management. 

of the aqoing businesses on the Bland of mwaii indicated that m y  of 

these have survived because they are snall and easy b control. 

In contrast, examination 
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Energy Self-sufficiency 

Energy self-sufficiency for the  IS^ -of Hawaii has a major goal 

of the State ,adhninistration,: Alternate for this self-sufficiency 

program has concentra wind, Solar (&ich inc Ocean =& 
Energy Oonversion ( , biomass, mtavoltaic , s d . e  hydwwer, 

. a *  

In 1976 first geothermal well (-A) was drilled ne p-inthe 

auea volcam characteristics and 

next chapter. In 1981, a 3 Mv 

wellhead generator the stem frcmn the well. 
a east rift mne is aqoing at 

ingness to purchase up 

tm qmn&nately 25 W of pwer fran geothermal sxrces.  pdditional 

electricity for the ISM of Hawaii will m t  be required in the mar c11: 

foreseeable -future without a sub~tant id l  increase in demand. 

t the Island 

thermally produced 

capacity of approxima- 

fuel generation pl 

of Hawaii 



Residential Use 

Btu x lo9 j Furl Source 

Petroleum 3W.9 37.1 
Electricity 222.0 62.9 2.2% 

E 

Direct Use o f  Ener 
f i e 1  Source Btu x f 3  1~ 

e- 

- 

I I 1 Comercial Use 
T[yEAL 14,158 100.0 

46.6 - 
tuel Source Btu x lo9 1 

Petroleum 288.3 27.4 
763.6 72.6 

Total Energy Use 

fie1 Source Btu x 109 2 
Pa troleua 13.874 61.9 

c t- Industrial Use 

Fuel Source Btu IC lo9 

Petroleum 1359.3 19.8 
Electricity 352.8 5.2 
Bhmarrs 5144.0 n.0 
Mw 6,856:l 100.0 

._  

211 1/ 0.5 
8,346 17.6 

'ma# 22,431 100.0 

36-9 Energy Used Cor Electrical I- Generation I 2 Fuel Source Btu x IO9 

211 
3.202 

8,273 100.0 

Petrolem 
Hydro 
B~OUIMS 

mAL 

0 0 - Po tro leu  
Electricity 

I 1 I 

Met o f  %a~smi~~ion LOSS 1638.4 x lo9 Btu J/ 

Source: S R I  International, Energy Self-Sufficiency for the Big Island a f  Hawaii 
(Final Report, January 1980) 

Table 1.1 Energy Use for  Hawaii County, 1977 

cj 
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Introduction 

A ~raposed site for the irdustrial park lies west of the P a h o a - m h ~  

and just mrth of the Kilauea east rift zone a t  an elevation of 

approximately 750 feet above sea level. A well site (at an elevation of 

selected in a -the& ancmdly m-the east rift zone 

nearest to the industrial park, Ihe difference in elevation w i l l  eliminate 

the need for the hydrothermal fluid to the park (Figure 2.1). In , 

this chapter, the - them resource, the w e l l  site, the pipeline and the 

industrial p r k  heat r e q u i v t s  are discussed. bs ts  and =urce eve= 

mt assumptions and iiedcpnat timetables for twd scenarios are 

included. 

. 

Developnent and LFje of low belaJ 2000F) -the& 

and waste kat  fram the ge0theznm.l brine at  the -A or other wells was 

considered a t s i d e  of the scope of this contract w i t h  the Department of 

Energy, %his contract was.limited to the amsideration of an industrial 

park off the rift zone. This p r k  then w i l l  require transportation of the 

geothemal heat at a significant 

the park. It is not technically 

transport low quality these distances, 

LS 



Figure 2.1 
HYDROTHERMAL FLUID TRANSMISSION PIPELINE PLAN 
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The Geothennal Resource* 

canes frcm deep w i t h i n  the earth and collects in  a shallow storage reser- 

%e southeast r i f t  zone of Kilauea mnnences at  the Kilauea crater ard 

extends in a southeasterly direction for about 4-1/2 miles *ere it dces 

an abrupt bend and amtinues cn a trend of about N65E to Cape KLnnukahi 
I 
i (Figure 2.2) . me r i f t  zone is marked by a series of eruptive vents, fault 

scars, and historic and prehistoric cinder cones indicating the presence of 

deep volcanic activity. The zone varies in width fran 2 to 4 miles w i t h  

the mst active prt m e n t l y  being mnfined to a zone approximately 2 

miles wide. Frcm geologic considerations, it is conceivable that mch of 

this region's subsurface is at  elevated m r a t u r e .  

The r i f t  zone mists  of dike amplexes &ich vary in thickness fran 1 

I to 5 fee t  averaging between 2 and 3 feet. These dikes trerxi in various 
I 

directions krt generally have an average trend within about 20 degrees of 

the trend of the r i f t  zone as a whole. me dikes probably cunprise sane 25 

percent ar m e  of the total volume of the r i f t  zone. 

estimated that the east Puna rift zone may contain 1,000 to 2,000 dikes in  

a generally fractured zone in- hich new lava can m e .  

a-lus, it can be 

I 

I 

j 
*This section is a m e n s a t i o n  of a mre q l e t e  discussion as contained 
in Appenak A. 
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Each of these numerous dikes are intruded at m r a t u r e s  in the vici- 

nity of 1,100 degrees centigrade. e v e r ,  it is calculated that the &XI- L, 
prature within the rift zone, at a depth significantly below sea Aevel 

where water circulation has mtbeen great, should be about 300 degres  

centigrade. lhis inferred subsurface geology w a s  amfirmed by the drill-  

of the HGF-A well in 1976. 
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the down-thrown side Indicated by dots. 
shown by dashed lines 
are also shown. 

Inferred faults are 
lnent cinder cones and p i t  craters 

Figure 2.2 

Tectonic Map of E a s t  Puna 
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Geologic Hazards 

li The island of Hawai i  is very young, w i t h  the oldest ZDCks m exposed 

to the surface being less than 500,000 years old. The Kilauea volcano is 

even younger and few of the surface mcks on Kilauea are older than 2,000 

years. Any area with ptmg geologic features has m m m i t t a n t  geologic 

hazards and Kilauea volcano i s  m exception. Ihe phcy hazards alorq the 

r i f t  zone mists of -s, lava flaws, eruptions, and sudden ground 

=anent associated with faulting, Altbugh these hazards are Fesent ,  the 

e c o d c  risk is p-obably small. 

The largest eaAqmke in the recent past was the Kalilpana earthquake 

of 1975 (B7.2). smaller -s occurred in 1954 (M=6.5), in 1951 

(-6.5 and M=6.9), in 1929 (M=6.5), and in 1868 (large but magrlitude 

unkrmwn). &spite the size of these earthquakes, little structural damage 

occurred and accelerations rarely exceed 0.Q. These accelerations have a 

peak anplitt.de response pimarily in  the vertical direction. In a risk 

analysis for the current ell site (Fagers wineerirrg, l978), it was 

recaranended that the design criteria for ~ ~ i m a r y  canpnents (ocmponents 

whose failure involves severe economic loss 0 1 ~  possible loss of l i f e  = 
severe injury) be adequate to withstand a ground acceleration of 0.41g with 

a ~sponse spectnnn peaking at agproxhately 4 hz. Ihese characteristics 

e r e  recmmn3ed m the basis of a 30-year design l i f e  and an assumption 

that it was acceptable for the ground acceleration to exceed 0.41g with a 

probability of 10 percent in the 30-year period. 

Wlcanic hazards within the r i f t  zone can be divided into 2 categories: 

Those due to events taking place in the irrplaeaiate vicinity of an eruption 

and those that are associated with the downslope mement of lava issuing 

crpi 
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from a vent. me best, and perhaps only, way of mitigating the f i r s t  

hazard is to locate the physical facilities cutside the zone of p t e n t i a l  

active eruptive activity. The industrial park site being considered is 

outside the r i f t  zione. . ' 

U 

&cording to the WerS qineering Ppt,  3 to 8 percent Of the land 

area within the r i f t  zone is l ikely bo be.turied by lava flow in any given 

20 year period, while cnly 0.5 to 3 percent of the area cutside the r i f t  

zone muld be mered during the same period. a.lus, lccation of the major 

physical facilities cutside the r i f t  pone, particularly if the location is 

in an area of high ground, should provide an adequately low risk fbr a major 

investment . 
c;round subsidence has historically been limited bo the r i f t  zone itself 

or to areas to We south of the r i f t  zone. Subsidence occurred within the 

rift zone in 1924 and again in 1955 in association with eruptive activity 

and also occucred -south of the .r if t  mne in 1975 at  the time of the 1975 

earthquake. There is m historic reaxd of subsidence &king place mrth 

of the rift zone. lmus, subsidence should mt  be a significant hazard b a 

plant site locatd mrth of *e r i f t  zone. 

The above analysis has wimarily dealt with the hazard at .the praposed 

industrial w k  site. Ime pruducing wells and the p i p l i n e  are subjected 

to all the hazards of the r i f t  zone by necessity, for that is here the 

1 bore OOuLd 

m i s  is an unlikely 

separated from each other by sume distance. The pipeline itself should not 

u 
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be injured by earthqqakes, m r  should eruptive activity disturb it as long 

as steam continues to flaw within the pipeline 53r it is then essentially 

r w 

self-oooling. Lava flaws, m the other hand, a x l d  disrupt the pipeline 

i f  very viscous or bloclq. Little disruption is likely to occur if  the 

pipeline is cn the surface and is overrun by very fluid flow. Hazard to 

the pipeline can pmbably be minimized by shallow burial or by surface 

installation with dawnslope support structures. Since the pipeline must be 

designed with numerous expansion joints in d e r  to axamnodate thermal 

expansion and omtraction, ground subsidence OT extension should have 

little effect  on its aperation, 

The geologic hazard inherent in  the east puna region can be greatly 

minimized by careful selection of industrial park site ard by awareness of 

the natural hazard of the region during design and oonstruction of all sur- 

face facilities. Although it is difficult to estimate the extent of em- 

mic loss that might result fran the natural hazards of the area, the risk 

of significant ecodyHnic loss should be considerably less than 5 percent 

during the useful life of the installation (estixnated as 30 years) if care 

is used in the choice ef site and pxqer engineering design and construe 

tion techniques are used. 

Well Site Cansiderations 

?he major resources within the region are l ikely to be found in asso- 

ciation with the 2 mile wide east r i f t  zone, The exact location of 

g e o t h e d  resources along this trend is mzkrmn. Little geophysical data 

is mailable to pinpoint detailed bqets. -vert the surface geological 

expressions suggest that resources are likely to be found mre or less con- 
I 

tinmusly throughout this zone, rather than in anly a few isolated spots. - 
L 
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Thus, the wll site selected for this study 

developnent does occur for this specific site, it may be possible to iden- bd 
- 

t i f y  a^ resokce within a mile and a half of the site where the 1840 vent 

l i ne  appears to provide evidence of a potential resource. 

It is expected that future developnent in the southeast r i f t  of 

Kilauea will result in a series of dri l l ing sites separated by one to three 

miles, thbs the industrial p r k  concept need mt be confined to a specific - 

site. The existence of the current HGP-A w e l l  wxld suggest that one such 

site might be due mrth of the H B - A  wel l .  Bmever, the site under study 

is suited for the drilling similar to that which was recently ampleted by 

Barnwell at their Cpihikao . The Earnwell site is approximately 

3 miles SSE of the pmposed site adjacent to the easterrmost vent of the 

western zone of the 1955 eruptive activity. ' 

P&k Heat Requ irements 

In i t i a l ly  it was anticipated that five cx s ix  pmcesses requiring a 

total of 150 to 200 MBTU/hr. wuld be considered suitable for the 

' industrial prk.  Develapnent of the g e o t h e d  resource was waluated 

under t w o  scenarios. solely for direct 

applications; ectric generating 

power plant. 

Scenario 1 - Develop Resource Solely for  D i r e c t  Heat Application 

According im the H B - A  production data of January 1977, the wll is 

capable of podwing 79,000 lbs./hr. of two flow a t  320 psis of which  

41,000 lbs./hr. is steam. mwever, this production capacity is justifiably 

l o w  due to erosion of the wll's side walls which occurred during a five 
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week duration between cmpletion of the dri l l ing and lining of the wll. 

This problem was a result of the delay in  cbtaining the lining material and 

mt part of the procedures cutlined for the project. Subsequent to a m p l e  

tion of the HGP-A pjec t ,  it 

-A's pnducthn  is m r o x h a t e l y  30% low. With the assumption that m 

wells dril led will have amparable production characteristics w i t h  timely 

w e l l  lining and ampletion mtbds, the pmduction of the m wells can be 

expected to be 30% higher than HGP-A. 

of each w e l l  is: 

- 

LF 

deten-ained by the research team that 

Therefore, the expected production 

Tbtal flow-2 phase (320 p i g ,  438OF) 103,000 lbs./hr. 

Seam 53,500 Ibs./hr. 

Three production wells, one standby well, and cne injection w e l l  will 

be required. With the three paduction wells, 309,000 lbs./hr. of 

pbase f l o w  OT 160,500 lbs./hr. of steam will be paduced. The proposed 

wellsite and transmission schematic b develop the geothermal resource a d  

to deliver the energy b the park site is shown in  figure 2.1. 

of the w e l l  develcpent and w e l l  site equipnent is presented below. 

The cost 

The w e l l  developnent costs are based m a lpeliminary cost estimate 

quoted by a firm actively dr i l l ing in puna on the Island of Hawaii. %x? 

following breaks down the total cost of dri l l ing a w e l l :  
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I 

Mil ization/&mbil izat Jon 

u Dr 80 days @ $7,5OO/day 

Drilling B i t s  

Rental & Miscellaneous 

casing 
Cement & Outside Services 

Production nsuiptlent 

Supervision 

-letion 

SUbtOtal 

contingency 
rn 

well Developen t Cost: 

production wells (3) 

Itijection wells (1) 

standby (1) 

$ 165,000 

600,000 

126 000 

. 57,500 

156,730 

324,000 

35,350 

24,000 

20,000 

1,509,000 

100,000 

qPEm0~. $ 1,600,000 

1980 Dollars 

$ 4,800,000 

1,600,000 

1,600,000 
. .  

. .  ... . .  . . $ 8,000,000 

estimated based Q1 the oost 

Site  Preparation $ 300,000 

ltJ0 WMse separator 70 000 

E3mporalmrs 700,000 

H2S Abatement System 600,000 

Site  U t i l i t y ,  Ebads, etc. 530,000 

W $ 2,200,000 
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The transmission pipeline will be 14,000 feet of 20 inch diameter 

insulated pipe. The estimated construction cost of the pipeline is 

$2,700,000. Other costs, inclUaing dministrative, legal, Ehvimmental 

Impact Statement (E=), etc. are estimated to be $450,000. Table 2.1shows 

the developmt timetable for Scenario 1. 

Cost suixnary 

(1980 Dollars) 

Construction Costs 

Wells (5 x $1,600,000) 

Well Si te  Equiptent 

Pipeline 

Mninistrative, kgal, EIS, etc. 

$ 8,000,000 

2,200,000 

2,700 000 

450,000 

$U ,350,000 

aZe required selling price of the steam to yield a reasonable rate of 

return was calculated tn be $O.O0267/lb, What follaws are the calculations 

that confirm that this selling price gives a reasonable rate of return. 
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Year 1 Year. 2 I -  Year 3 

Well Drilling 

1st w e l l  

other w e l l s  

Well Site  Design 

Well Site  Construction 

Pipeline Design 

Pipeline Construction I I I t I I I i 

Capital Investment 
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Each pund of steam has an absolute heat value of approxirriately 1200 

BTU. It is assumed for study purposes that  only 1000 BTU is recovered per 

Field Operdtion & Maintenance 

pound of steam. e v e r ,  a mre accurake figure can be confirmed once 

engineering drawings and specific eguiFmEnt are identified. 

The $O.O0267/lb. price for  steam ws confirmed uti l izing the following 

a s s ~ o n s :  

Geothexnal Resource Developnent 
ASSUIlptiOnS 

canstruction costs 

me b t a l  construction 

years according to the 

cost of $13,350,000 is spread over three 

developnent timetable presented in 

Table 2.1. 

Escalation 

Construction aost escalation at  8% a year. 

Revenue 

A steam load factor of 90% was ass&. Ihe amoclllt of annual 

saleable steam ms calculated as follows: 

Annual Saleable Steam = 157,500 lbs./hr. x 24 hrs. x 365 days 
x 090 

= 1,224,720,000 Ibs./yr. 

Revenues qual  the annual steam sales times the selling price. 

The required sell ing @ce was derived through canplter iteration. 

-rating Expens es 

calculated as 7% of gross 

revenues. 

k. 

Other Operating Expenses - calculated as 1% of gross revenues. 
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Intangible Drilling Costs (IDC) 

Cansistent with current practice, 80% of total -11 costs 

(includes w e l l  equipmt and associated permitting, lease, legal 

and administrative expenses) were designated as IDc and expensed 

in the year incurred, 

Depreciation 

All capitalized onstruction costs were depreciated using a c e  

leraw depreciation over the allowable tax life: 

Wells 20 Years 

Pipeline 30 years 

OtherEQUipUent 22.5years 

~epreciation of wells and other equiprent kegins upon aperation, 

myalties 

InHamii, the State has indicated it w x l d  m e  aroyalty fee 

of 10% for geothexml hot water and stem rn 5% for subsbnces 

extracted fmn geothermal fluids in cases where it claims the 

minerals. When the minerals are not claimed by the State,  the 

royalty rate is -tiable w i t h  owner. An werride of 

approximately 2% may be gaid to the surface ck~ner. In the 

analysis, the base case myalty assunlptim is 10% of gross reve- 
nues (option l). sensitivity analyses were included in mdd 

senting the basic state royalty plus an assumed 2% override and a 

per- 

centages are based m gm 
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Depletion Allowances 

A depletion allowance totaling 15% of net revenue (gross revenue 

less *ties) was deducted frcan net revenue to arrive at 

(b! 

taxable incane. 

Incane Tax Rate 

!BE statutory d i n e d  State and Federal tax rate was ass& to 

be 50%. 

Method of Financial Analysis: auoughout this study, the ~ t h o d  of finan- 
cial analysis has been to prepare a financial d e l  based m assumptions 
which are shown @or to the &el. Ihe d e l  cranputes costs, revenues, 
taxes, depreciation, depletion, etc. to generate an after tax cash flow, 
typically for 25 years. FKan this after tax cash flow, an internal rate 
of return and a pybadc period is osmplted. ?hen a decision is made 
whether this return is -le for the risks involved, 
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197181 11:17 
PMOA INDUSTRIAL PARK STUDY (19981 

MSCR IPT ION PERIOD-YEaRS 1 
1991 1992 1993 1991 1995 1996 1991 1996 1999 

3 

3 
, 

FIRST TEST YELL 
SECOND TEST YELL 
PIPELINE 
YELL EQUIP 
PRODUCTION YELLS C31 

PEunITTING IEISI 
LEASE PAVENTS 
LEGAL 
EHPLOVEE EXPENSE 

TOTAL 

INFLATION RATE 
SELLING RATE 

REVENUE 
FIELD OPERATION 
OTHER EXPENSE 
DEP REC I ATION 

OPERATING PROFIT 

1155 1851 
0 I 
I I 
I e 

9 I 
I I 
e I 

-1155 -1911 
-1155 -1911 
-1155 -1911 

-571.1 -955.6 
-571.1 -955.6 
-517.1 -955.6 

-----*- 

------- ------- 
-517.1 -955.6 
-517.1 -955.6 
-517.1 -9SJ.6 :.:.:., =:a.::. 

6591 
I 

I 

0 
I 
I 

-6683 
-6683 
-&e3 

-3312 
-3312 
-3312 

e 

------- 

------- 
-3342 
-3312 
-3342 

.=::a;. 

I e I e 
111.9 111.9 (89.5 518.9 
191.3 533.9 Sl6.6 622.7 
611.9 bb7.3 129.7 116.1 

556.1 W.6 618.6 lM.5  
513.1 587.2 631.2 685.9 
525.2 567.2 612.6 661.6 

2189 2112 3111 3291 
2119 2666 2929 3298 
2311 2553 2896 3916 

1244 1311 1515 IME 
1299 1333 1161 1691 
1151 1216 1U3 1538 

_--__-- ------* ____-__ ------- 

-______ _ _ _ _ _ _ _  ------- ------- 

I 
653.1 
181.1 
989.5 

882.5 
862.9 
833.1 

1217 
1166 
1886 

2139 
2983 
2 M  

------- 

------- 
2139 
2M3 
29EQ .:::::: 

e 
889.3 

1861 
1331 

1291 
1111 
1131 

5929 
5118 
5551 

------- 

e 
9u.5 

1153 
I111 

1291 
lZb8 
1225 

6122 
6U9 
61111 

------- 

EXPENSED IDC 
ROVALTV [OPT 11 
ROVALTV COPT 21 
RovaLTi [OPT 31 

DEPLETION [OPT 11 
DEPLETION [OPT 21 
DEPLETION tOPT3i 

TAXAELE INc(ME [OPT 11 
TAXAELE INCW COPT 21 
TbXABLE IKOllE COPT 31 

1996 1 
912.1 ------- ------ 
1011 53 
1123 51 

TM COPT 11 
TAX COPT 21 
TbX [OPT 31 

NET EARNIYCS [OPT I1 
NET EMNIYCS [OPT 21 
NET EARYIUCS [OPT 31 

-517.1 
-511.1 
-517.1 

9 
12.17 
288.7 

0 
e 
e ------- 

-193.9 
-193.9 
-193.9 

t:...:: 

-955.6 -3322 1211 1311 
-955.6 -3312 1299 1333 
-955.6 -3312 1151 1216 

61.09 89.91 332.9 3115.6 

162.5 1198 I I 
115.6 1199 I e 

1595 1618 1891- 1964 
I W  IbM 173  1913 
1193 1538 I682 1835 

m.1 29.9 237.1 217.8 
0 e I e 
I I I e 

2139 2326 
2983 2266 
2 W  2116 

NET EMNIYCS COPT 11 
YET EARYIUCS COPT 21 
KT EARNIW COPT 31 

DEPRECIATION 
IUV TAX CREDIT 
CAPITALIZED EXP 

be48 
5897 
MlI 

11.88 
e 
e 

ZIOS 
2341 
2261 

6539 
b3n 
6131 

71.58 
I 
I 

2592 
2531 
2118 

1965 
bee8 
1621 

11.58 

I 

2199 
2131 
2611 

e 

1633 8216 8999 
1442 Wl 0681 
1151 n 3 2  8354 

298.3 181.2 
e 0 
I I 

882.5 953.1 
862.9 931.9 
833.1 988.1 ___-_-_ - ---. 
3221 3163 
3116 3382 
3131 3 W  

.:.=:.z -I.i:::: 

14.58 11.58 14.58 

I I I 

3929 3265 3526 
2956 2855 3981 3193 3338 3kke 

e 0 e 

I 

I 

-6851 
-6851 
-6851 

e 
____--_ 

;.:..:: 

556.1 
513.1 
525.2 

2133 
2086 
2915 

------- 

a=::=:: 

6911.6 
581.2 
567.2 

2211 
2226 
21 19 

__----- 

::a:::: 

156.6 
139.8 
112.5 

2191 
2131 
2633 

_-_-__. 

I....:: 

811.1 
798.9 
111.7 

2999 
2929 
2825 

-_ _--_- 

E--- ---*.= 

DEPLETION [OPT 11 
DfPLETIoN [OPT 21 
DEPLETIOY [OPT31 

CASHFLOU COPT 11 
CASWFLOU COPT 21 
CASHFLOU COPT 31 

Tab.2 2. 

Pahoa Industr ia l  Pzrk - Scenario 1 
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, 

mion 1 Option 2 
10% Royalty 12% Royalty 

Present Value at 
Following D i s c o u n t  Rates: 

15% $ 10,335 
20% 4,400 
25% 1,368 

After-Tax Discounted  Cash 
Flow €?ate of: 

$ 9,929 
4,145 
1,194 

Return 28 . 9% 28 . 4% 

5.9 years 5.8 years m- 

Option 3 
15% malty 

$ 9,322 
3,764 

934 

27.7% 

6.0 years 

Conclusion: The cunputed after tax discounted cash flow rates of return 

ranging fran 28.9% to 27.7% reflect reasonable, risk adjusted, rates of 

return fnr a major aqxxation. 
, 
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Scenario 2 - Develop Resource Coup led W i t h  a 25 MW Power Plant 
U It was 0rig-y assumed that the industrial park could u t i l i ze  waste 

heat from a 25 MW pwer plant. Analysis ooncentrated on estimating aosts 

for the geothed f i e  and construction of the pwer plant. 

discounM cash flow analysis various investment 

cost apportiomtmts were made to derive the charges for electr ic i ty  and 

steam. 

initial tremperature zequirement for industries in the industrial 

Park- - to the 400°F range to provide and acx#rmodate a wider 

selection of industrial sses. This temperature preference inva- 

the assumed lse brine portian of the tm+ase p e r  plant 

t and it was clear that separate wells wuld have to be drilled for 

both the power plant and direct k a t  users. Wmever, a certain amount of 

cost-sharing of the well-site equipmt, tr-ion pipeline and 

legal/envirormrentdl costs muld be realized. 

!rhe costs asslJlning field developen -0onstruction of a 25 MW pwer 

for direct heat a@ication 

are presented in Mle  2.3. Ihe developent timetable is shown in  Wle 2.4. 

Ihe direct k a t  re 

certain aosts are 

plant . 
as in Scenario 1, hut 

mg of expenses w i t h  the pier 

Consideration of the developent time required for a co-located power 

plant/direct k a t  b l i c a t i o n  w i t h  only a 5% cost savings reduced the 

not differ  signifi-tly fram that calculated in Scenario 1. Therefore, 

this scenario was 'mt developed further. 
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Direct &at 
mtal &plications - 25 MW Power Plant 

3 w e l l s  9WellS 
3 standby 
3 injection 

wel l  Rgquirements 6 wells 
2 standby, 
2 injection 

Field Developent msts 
p r o d u c t i ~  lvells $ 9,600,000 
Injection Wells 3,200,000 
standby W S  3 ,200,000 

$ 16,000,000 

1 standby 
1 injection 

$ 4,800,000 
1,600,000 
1,600,000 

8,000,000 

$ 4,400,000 
4,800,000 
4,800,000 

14,000,000 

$ 400 000 
140,000 

800,000 
- 

$ 600,000 - 
' 2l0,ooo 

700,000 
1,200,000 

$ 200,000 
70,000 
700 C O O 0  
400,000 
330,000 

1,700,000 
560,000 

$ 1,900,000 
890,000 

3,600,000 

'Ikansnission Pipel ine  $2,700,000 $2,700,000 

$ 10,000,000 
12,500,000 

$ u),000,000 
K,500,000 
2,500,000 

$ 25,000,000 

Legal, mirpmnental, ' 
Pdministrative $ 600,000 $ 300,000 $ 900,000 

mtal costs $ 43,500,000 $ 12,700,000 $ 46,200,000 

100% percentage af Dtal 77.4% 22.6% 

!WBU 2.3 

costs of Direct Heat &plication -led w i t h  25 IYW Plant 

Lv 
2-20 



Year 1 

b Permitting, EIS 

Well Drilling 

l a t  well 

I Well Testing 
I 

I . Well Site Deaign 

Y Well s i te  Conatructio 
p! 

Pipeline Deaign 

Year 2 Year 3 Year 4 Year 5 

Capital Inve&tmnt $2,000,000 $8 ,500,000 $10,000 ,000 $20,000,000 

Table 2.4 Scenario 2 - Development Timetable 



S t e m  Transmission Pipeline to Park 

LJ Clean steam is Fgoduced in a heat exchanger at the w e l l  site in a 

manner similar to that develqed by M. !Bnalca in the 1979 Funa Sugar 

study.* The amceptual design ms based cn a mininuxu of 175,000 lbs./hr. 

of 403OF, 240 psig steam entering the pipeline at the wellsite erd. lkae 

diameter of the poposed pipeline is 20 inches: the design lervgth is 14,000 

feet. W pipe material is steel of standard wall thickness, and insulated 

with 5 incks of calcium silicate insulation. pressure losses were esti- 

mted fram thwin's formula ammirig uniform average a0au;litiOns a l o q  the 

length of the pipeline equal tD the initial axtiitions. 'Ihis estimate is 

0.075 psi per 100 feet of pipeline. Bwever, this rrrethod slightly 

uI&!restimates the prksure loss, 90 the estimate ws i n c m a s d  t o a b t k i n 6  

psi per mile of pipeline. !~~LIs, for the design length of 14,000 feet, 

total pssure loss is 16 psi. Steam cx#densation was deterrmned ' f romthe  

msults of heat transfer studies performed by N, %?anah in the Puna Sugar 

geothermal study. results sbwed steam losses of 880 pounds per bur 

per mile of pipeline, or totdl losses of about 2300 porards over the design 

length of 14,000 feet. a.lus, a maxixmr~ of 172,700 Ibs./hr. of 395OF, 220 

p i g  steam wwrld be available at the parksite. 

Ihe assumed 

Bie -tal cost of the pipeline is estimated at $2.7 million. 

of the pipeline is shown i n  figure 2.1. 

Irrw Grade H e a t  

In both scenarios, there is msultant l o w  grade heat fram the separator 

which oould be utilized. Ihe mount of this geothermal resoure mrmally 

reinjected, is as fjollaws: 

!$ 

Engineering and Eaxmru ' c  Analysis W the uti l ization of -thermal 
Fluids in  a Cane Sugar processing Plant. Final Report - RIM war 03., 1.f 
Ltd., July 1979. 
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I 

D i r e c t  Heat Scenario: 148,500 IbS./hr. of 428OF water 
L, 25 MW Rmer Plant Scenario: 408,000 Ibs./hr. of 373OF water 

Converting this geothermal brine to pmcess hot water wuld require 

sion two to three million dollars for heat exchangers, a secand 

pipeline and the drilling of fresh water wells at the a 1  site. 

to the uncertainties associated with the ul .mrber of 
geothermal pmduction wells to be used, the k a t  carry- 
capacity of hot water and the uncertainty in selecting a low temperature 

process, further of l o w  grade heat available fran the water was 

te-tedD 

Caparison w i t h  conventiondl Steam Plant  

An attempt was made to oanpare the oost of pwiding ge0thema.l. steam 

with steam from a ooaventiandl oil-fired generating plant. Ihe crost smp 

mary md assumptions in m e  2.5 tlsed to mrive at the cash flow E m  

price of $7.46/1b. amp 

rms the mst-savings 

derived from 

1 

U 
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TABLE 2.5 

S t e m  Boiler Assunptions 

Construction Costs: 

2 - 800 hp Cleaver Ekuok boiler 
Tramportation - Eehoa 
Mitiondl S q p r t m g  Esuipment 
Transpartation 
Installation (1600 hrs @ 35/hr.) 
Land purchase ($12,0OO/acre) 
Building 
permitting 
=tiw 
Site Preparation 
Site U t i l i t y ,  Fbads, etc. 

162,000 
33,600 
70,800 
5,000 

56,000 
24 000 
75,000 
50,000 
30,000 
10,000 

U6r284 

Subtotal  672,684 
axkingency - 20% u4,537 

807,221 

Revenue: 

Based an annual steam capcity calculated as fjollaws: 

55,00O/lbs./hr. x 20 hrs. x 365 days x .9 
= 361,350,000 uXS./year 

-red selling price to cbtain 20% after tax yield 
derived through eunputer iteration. 

0 & M: 

Estimated at  $47,088 in 1980 dollars 
Escalated at 8% a year. 

Estimated at $2,512,368 in 1980 dollars 
based dn 478 GEB @ $.72/gallon. 
Escalated at 8% a year. 

Depreciatim: 
I 

Plant depreciated aver 22.5 years us- accelerated rate. 
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11/17/86 89345 
Q; B- . *l 

STEM €!UILER MfKlSIS STEM B(I1LER MALYSIS STEM BOILER AIlllLYSIS 

PERIOD-YEARS PERIOD-YEARS 
1991 b 1992 1993 1994 1995 1996 1997 1998 1999 2998 Z H  2fit2 2163 2114 2115 2##6 z#m OESCRIRIMI PERIOU-YURS 

l98t 1981 1982 1983 1984 1985 1986 1987 1988 1989 199s 

eorims 
SfJFFORT EO(JIP 
INSTAlLAT ION 
LAND 
BUILDING 
FERHITTIWC 
7ESTIWG 
SITE PREP 
SITE FACILITIES 
ERUIP TRANSFORT TO WHOA 

SllBTOTAL -672684 0 0 

CIII(T1#GEWCY 

TOTAL 

:maTION RATE 
SULIWC RATE 

! NET E R R N I N S  
ocmc I n T   ow 
IN Tax CREDIT 
C4F U P  

CASHFLOW 

I 
II 
I 
0 
I 
I 
9 
9 
I 
9 

I 
--.---- 

0 0 0 0 0 I 9 0 0 0 I 

II 0 I I I I a 1 0 0 '  0 
------- *------ ------- ------- ------- -----*- ------- _ _ _ _ _ _ _  -----.- ------- ------- 

I 

.I81 .#Et# .#88# .#8M ,118111 .#81# ,6861 .e866 .#MI .18W 

.e188 *.I263 ,0219 .I237 .I256 .I276 ,6298 ,9322 .M48 ,9376 

6285332 k788158 73312lf 79177118 6551124 9239214 9974(131 11771951 1lb33718 12S64497 13569599 
199792 \ 118576 12M62 1383t7 149371 161321 174226 188165 283215 219475 237t33 

5857935 b326571 6832696 7379311 7969656 86t7229 9293317 16139471 It842629 11711939 12646843 
25771 25157 25151 25151 25157 25157 25lV 25157 25157 23157 2357 

.18W .gem J8tt .18W .188t .mt1 
-0496 .I438 ,1473 .#!ill .#!E2 -0596 

14655124 15827534 17193737 18461236 19938134 21533185 
255996 276475 298594 322481 348279 376142 

13658590 14751277 15931379 172t589t 18592361 21068951 
12379 I I I I 9 

------e ------- ------- ------- __-____ ___-___ 
727966 799781 863764 932865 117494 1088I94 

Table 2.6 

&; c Steam Boiler Analysis 
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Steam Boiler 
Financial Summary 

W 
Discount Fate 

Net Present value 8891508 27 

After Tax D h a x n t e d  Cash 19.3% ' 
Flow Rate of &turn 

6.2 Years  

! 
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sunnnary 
It i s  masonable to expect that a geothermal. resource similar to that 

found in 

-Froposed 

prod- 

the existing HGPA v e l l  a u l d  be found about 2-1/2 miles frcan the 

industrial perk site. It wuld he practical to pipe clean steam 

f r ~ m  ~s resourCe to the park.  me pxposed Fpice of stem is 

about $2.76/MBTU based ~1 initial assrrrmptfons that five or six industrial 

processes wuld fully utilize the pmduction from 3 geothemal wells. lh is 

ccmpares to steam generated by a package oil fired boiler aosting 

t, 
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search listed in Tables 3.1 and 3.2. The pmcesses =re reviewed in  l ight  

of engineering, e m d c  rmd financial factsrs which enabled a canpehensive 

search listed in Tables 3.1 and 3.2. The pmcesses =re reviewed in  l ight  

of engineering, e m d c  rmd financial factsrs which enabled a canpehensive 

Introduction 

%his chapter discusses the surveys made to firid candidate pmcesses 

for the Mustrial park, and then sumnarizes those that were mt discarded 

for ~ i o u s ' s h o ~ s .  

f -  

Approach 

A literature search identified existing processes p p s e d  rn rrsw 

us- direct g e o t h e d  heat. These are sumnarized in Table 3.1. Space 

heating and aooling ere excluded because these were omsidered to be a 

service application rather than an irdustrial process. 
\ 

A second table, Table 3.2, was -pared l is t ing standard industrial. 

processes requiring large mounts of heat at m r a t u r e s  300° ard below 

~ I A  hich possibly be adapted to -the& energy. 

The initial list mntained a wide range of wlications varying from 

milk pasteurization to manganese d u l e  pmcessiq. &picultural applica- 

tions included pultry raising, animal husbandry, soil warming, soil steri- 

lization and crop tlryins. Industrial applications a r  pllp processing, 

sulfur extraction, vegetable dehydration and lumber kiln operations had 

been m e n  successful. Aquaculture aplications included raisins of eels, 

catfish and Fawns. 

Study participants reviewed the processes obtained from the literature 

evaluation. The m i d a t e  processes =re either discarded due to cbvious 

I) 
3-1 



foreseeable shortcanings or retained for further investigation. The cri- 

teria enployed were: 

- 
- 

potential process nust be heat intensive. 

Related to Hawaiian raw products or low oost imports. 

- Technically s o d .  

- Ihe tenprature requirements of the pmcesses involved should be 

within those anticipated fran the geothemal resoume. 
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MScRlPTIOn RESOtJRCE LOCATION REF 
CHARACTER1 ST ICs APPLI CAT1 OftS NATURE OR 

STATUS 
FEASIBILITY 
EVbLUATIOn 

7 
pmposcd study A proposed 5-year program involving Geysers area Lake County.CA p.193 The cancept o f  combined themdynamics 6 biologic 

cycles should apply. 

Crops similar to onions 6 
alfalfa are not available 
i n  the Puna Distr ict:  

Agribusiness greenhouses. f i sh  fanning, 6 biogas. 

Englmri  & Econb Analysis o f  geothennal potential 6O.F + Klamath & 
n i c  Analp% Snake River Basin 8 orcson p.17 f o r  onion dehydration. a l fa l fa  

drying 6 gmnhoascs 
Agri busi ness 

feas ib i l i t y  lkber WRA E l  Centre. 
geothermal heat f o r  Agricultural Chem- 

i ca l  Plant 

con- m: 350.F 
(corn o r  wheat) 

275'F 
(swar beets) 

Alcohol ProductiOtl 
(cornnuheat analysis 
sugar beet1 

--.- 
Alcohol Production experiment DOE'S Idahottat'l Eng. Lab'is 240.P 

completed 8/79 erperlmenting with ethanol - R a f t  River 
pmd?lcticM u t i l i z i ng  used KG!!! 
beet sugar syrup and lip 

feedstock 4 geothennal energy 
fo r  fermenting 6 d i s t i l l r t i m .  

w 
w cellulosic material as 

i r t i n g  . Geothermal heat i s  u t i l i zed  fo r  1150 I) deep 
270% Alfal fa drying 

drying a l fa l fa  (8M water) and 
formed in to  pellets. 

Al fa l fa drying leted Ut i l izes 200' 220.F 
t r i p l e  pass dryer. The study shcm 
a savings o f  $lOO.oaO annually 
for  a 30.00 tontyr faci l i ty .  

Aluininua Reduction $ls6,oaO funded by WE tb Battella Rot sped- 
NU f o r  15 mo. study which began 7/78. f led  

Aquaculture existing Freshwater prrrms.crayfish 6 msqui- 57% 
200-250 gal/ 

m i  n 
t o  f i sh  are bred. 

Table 3.1 ! 
Sunnary o f  Literature Search fo r  Geothermal Direct Heat Processes 

I 
I 

Broad Lands 
ti2 

Klamath 
onson 

-- 
Klamath 
Fallr.Ore. 

10 

greenhouses fo r  g d n g  , 
8 UegctablQS appears attractive. 

p.97 No similar chemical 
f e r t i  1 izer plant i s 
located nearby. 

Using a s in f la r  alcohol ecthermal 
2 Process.a centralized moibsses feed- 

ecofmically attract ive fo r  the 
industr ial park. 

p.541 stack ethanol plant should be 

Laboratory results are ' 
relevant t o  planning for 
the Prhoa industr ial park. 

4 D 5  

12 
P.308 applied to convert s 

A similar drying process can be 

t o  ca t t le  feed. 

A similar drying process can be 
applied t o  convert sugar cane trash 

8 
p.23 

t o  cat t le feed. 

1 A l though the processing o f  
bauxite ore t o  alumina may not 
be rea l i s t i c  fo r  Puna. an alumi- 
num industry on the Big Island i s  

considered attract ive for future economic 
development. 

Aquaculture i s  a growing Hawai i  Industry 
and should be a prime candieate fo r  direct 
heat applications. 



LOCATION 

Mecca, 
CA. 

Brawley , 
CA 

San Luis 
Valley, 
Colorado 

Keeau,HI 

not 
specified 

new 
Mexi co 

REF 

3 
p.11 

3 
p.24 

8 
p.73 

9 

8 
P.5 

7 
pr9L 

F t A S I B I l I T Y  
EVALUATIUN 

Aquaculture i s  a growing 
Hawaii tndustry & should be a 
prime candidate for d i rect  heat 
applications . 
Although there are no sugar 
beets grown i n  Hawailsthe cane 
sugar industry i s  w e l l  establi- 
shed with fullvamortized sugar 
processing mil ls. 

Although there are no sugar 
beets grown i n  Hawaii,the cane 
sugar Industry i s  well establi- 
shed with f u l l  amortized sugar 
processing milts. 

RESOURCE 
CHARACTERISTICS APPLICATIONS NATURE OR 

STATUS 
DESCRIPTION 

84-87OF 
3009 / w e l l  
3 welt, 100'deep 

environmental report 
submitted 

U t l l i z e  geothermal water t o  
raise Malaysian prawns year-rd. 
on 246 acres o f  desert land. 

Aquaculture 

350°F 
8OOO' deep 3 phase program t o  use gco- 

thennal energy i n  a beet sugar 
processing lant  presently 
using fossi9 fuel. 

U t l l l  zing geothennal brine 
f o r  ref in ing beet sugar i s  
expected t o  reduce energy . 
cost by 40-60% 

d r i l l i n g  10/79 Beet Sugar 
Processing 

302OF analysis Beet Sugar 
Ref I n i  ng 

0 

b Cane Sugar 
Refining 

Study project t o  determine 
the feasibi l i ty  o f  u t i l i r l n g  
geothermal energy a t  the 
Puna Sugar H i l l .  

Althdugh there are no sugar 
beets grown i n  Hawaii.the cane 
sugar industry i s  w e l l  establi- 
shed with f u l  amortized sugar 
processing m i  r 1s. 

There are no existing crop 
dehydrating plants avai 1 ab I e 
fo r  re t ro f i t t ing .  A similar 
r e t r o f i t  f o r  the Puna Sugar 
M i l l  i s  discussed i n  Ref. 9. 

Although water i s  no problem 
a t  Pahoa. the process should be 
applicable t o  the hydrothermal 
f l u i d  produced. 

Puna Reservoir 

econcmic 
analysis 

W-15OoC Crop drying Detennine the feas ib i l i t y  o f  
ntrofi t t ing current crop- 
dehydration plants or 
constructing nen ones. 

Desalination engineering. 
study 

Engineering analysis fo r  geo- 
thennal plants a t  various 
possible locations i n  New 
Mexico . 

New Mexico 
KGRA's 

Table 3.1 Page 2 
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APPLICATIONS RATUR€ OR 
STATUS 

MSCRIPTIrn 

Ethanol Produc- conceptual Conceptual design o f  a f a c j l i t y  
t ion t o  produce ethanol using 3 

local crops: wheat, sugar beets 
and potatoes as feedstock. 

Ethanol Produc- study Outlines s m  geotheml  sys- 
t ion tems with resource characteris- 

t i c  potential ly suitable f o r  
ethanol production. 

Fish Breeding 
w 
In 

Fish Farming 

Grain Drying 

Evaporation 6 analysis Processing: tcmato paste, pre- 
crystal 1 ization sewed f ru i ts  6 vegetables, 

beet sugar ref ining 6 sodium 
. chloride production. 

no 
tam. The eels are bred i n  
earthenware plpes:24 CRI dia. 
6 m long. Water tenp. i s  
maintained a t  23OC by mix 
hot spring water with r i ve r  
water. 

exist ing 
DOE fbnded 
dmonstration drying. 

prsle 

Limestone well f o r  grain 

Table 3.1 Page 3 

RESOURCE 
CHARACTERISTICS 

Raft River KGRA 

i o  excess o f  
l o O O C  

300.F 

. , ,. 
. .  

195 lblsec 
47.c 

one well 0 4100' 
180 9p 
152OF 

LOCATIofl 

Idaho 

not s i t e  
specific 

Sklkabe, 
Hokkaido 

Paso Roldes', 
Calif. 

Mid Central 
S. Dakota 

REF 

11 
p.139 

P. \l 03 

8 
p.91 

12 
p.308 

Geo- 
t h e m 1  
Hatline 
12/74 

3 
p. 15 

C' 

FEASIBILITY 
EVALUATION 

Although feedstocks o f  wheat, 
sugar beets & potatoes are 
not available,a centralized 
molasses plant may be feasible 
i f  timing o f  geothermal de- 
vel apment f i t s  . 
Study resurtrs w i l l  be useful. 

Although the process appears 
attract ive f o r  future con- 
sideration.application I n  a 
mwly established park a t  
Pahoa should not be con- 

an aquaculture application. 
However, the raising o f  eels 
i n  Hawaii Is prohibited. 

Experience should apply. 

I '  

1 

Concept appl les a1 though 
there are no grain crops 
produced i n  the Puna D i s t r i c t .  



APPLICATIONS MTURE OR 
STATUS 

demons t ra t i on 

DESCRIPTION RESOURCE 
CHARACTER I STICS 

4000' well i s  t o  
be d r i l l e d  9/79 

LOCATION REF FEASIBILITY 
EVALUATIOIJ 

Sindy, Utah 3 
p.63 

U t l l i r e  geothermal water t o  
heat a 250,000 sq.ft. green- 
house producing cut roses. 

Greenhouse Greenhouse applications fo r  
vegetables I flowers appears 
at t ract ive fo r  the Industr ial 
park. 

Similar use o f  Federal tax  
credits I t a x  deductions fo r  
geothennal d i rect  heat appli- 
cations i n  the Pahoa industrid 
w i l l  be included fo r  processes 
selected. 
Although,the Manley Hot Sp- 
rings climate i s  considerably 
different from Pahoa the 
overall concept w i l l  apply. 

Application n i l1  relate to  a 
similar process fo r  Pahoa. 

Greenhouse feasibi 1 i ty 
study 

An engineering, economic 
analysis and Fed. tax impact 
on a roposed geothennal 
greenRwse. 

San Luls 2 
Valley, CO p.253 

assumed 1SO.F 
@ 2ooo ft. 

Greenhouse exlst ing Three wells are used t o  s ace 
b a t  greenhouses a BalneoLgy. 

34 lb/sec 
62.6.C 

Hanley Hot Ferkes 
Leonard 

Dinkel 
1975 

iK2P 

Greenhouse 
W 
b 

exist ing Growing tomatoes i n  a l 3 d  
greenhouse a t  Hobo Wells 
IlydrapOniC. 

Susanvlllc. The 
Calif. Geyser 

5-20-75 
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C 

APPL 1 CAT IONS NATURE OR 
STATUS 

MSCRIPTIOII RESOURCE LOCATION 
. CHARACTERISTICS 

Industr ial Park plan The plan 140-15& Island o f  
San Riguel an integrated geothermal energy 

park with various processes Portugal 
including sugar refining, 
refrigemtion, sa l t  prod.. 
mi lk 6 fruit dehydration,etc. 

Industr ial Processes market analysis This analysis shorn the natlonal undefined CA a nt 
market trends for 4 industr ial 
products identi f ied 
as major candidates f o r  

2. Lumber 6 Wood Produc 
3. Paper & Al l ied Produ 

0 

Y 

Integrated Swine OM contract. A 1,200 sow swine raising 240.F Kelley 
Raising negotiating -lex u t i l i t h g  geothermal 1600-3400' w a l l  Hot Springs 

energy wi l l  be designed, 
developed 6 constructed. 

e 

t o  determine the feas- lo00 gpm Hountain 
350.F Home, 

Idaho 
St? 

L i  vestock engineering 6 
econaic analysis i b i l  ty o f  direct applications 

o f  ge@theml resource t o  a 
vert ical ly integrated l ive- 
stock ampler a 

The H l n  has a 4 d  capaclt Ex lorat ion Taiwan 
with monthly output of 2 4 d  
of dried lunber. Required E-208 
tap. o f  50-60% with steam 
f low a t  0.5 tons/hr. 

Jl p i l o t  project lumber K i l n  
Drying 

3.5 tonr/hr 
0 266.F 

Table 3.1 Page 5 

REF 

2 
#ai dav 
p.441 

3 
p.31 

2 
p.373 

10 
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FEASIBILITY I 

EVALUATION 

The concept of a similar 
integrated geothermal park 
sppl ies t o  the object i vet 
o f  th is  study. , 

The market analysis w i l l  
provide source material f o r  
the Pahoa study. 

A similar integrated swine 
Industry appears attract ive 
f o r  the Hawaiian market. 

, 
A similar integrated swine 
industry appears at t ract ive 
fo r  the Hawaiian market. 

The koa lumber industry 
centered in  Hi lo could 
benefit from a similar 
operation i n  the Pahoa park. 



APPLICATIONS 

Milk Pasterl- 
zatlon 

Hushroom 
fanning 

Potato . 
Process1 ng z 
Poultry Prod- 
uction 

Pulp 6 Paper 
# I l l  

Pulp 6 Paper 
M i l l  

NATURE OR 
STATUS 

ex1 s t l ng  

f e i r i b l l l t y  study 

economic 6 
f eas lb l l l t y  study 

exlst lng 

eval uation 
e .  

exis tl ng 

DESCRIPTION RESOURCE 
CHARACTERISTICS 

Gcothemsal t l u l d  has been 177-208'F 
used to pastcurlze milk 
for 30 yrs a t  Hedo Bel  
Creamry. Milk i s  processed 
a t  600 gal/hr o r  600,000 lk/ 
1110. Corrorlon has been 
mlnlmun 6 doesn't affect 
stainless steel heat exchang- 
ers. 

30 gallons/mln. 

Detonwlne the feaslbl l l ty  o f  170-210.F 
constructing the f i r s t  
geothermal mushroom fann. 

Demonstrate the v lab i l i t y  250'F 
of uslng lon rade geothermal 
resource f o r  8 ood proccsslng. 

Floor-heatlng I s  u t i l l r e d  I n  
sheds t o  raise chlckens. 4 sheds 
a t  132 4 and 2000 chickens/ 
shed. Hater circulates a t  
100.C In pipes under shed 
floor. annual productlan-40,1)00 

A computer program has been 
developed t o  evaluate process 
heat appl I ca tlons ut1 1 1 t i  ng 
geothermal energy. 

Tasmn Pul 6 Paper # i l l  
uslng 148 lb/hr steam a t  
1000 Btu/lb fo r  log handling 
equipment, etc. 

100 lb/nin 

165'C 
200,000 kg/hr 

---- 

LOCATION 

Klamath 
Fa1 1s ,Ow. 

w. us 

Rexburg 

Izu 
Penlnsula 

Not 
s l t e  

specific 

Kaweran 
NZ 

REF 

10 

2 
p.629 

3 
p.39 

10 

2 
p .527 

FEASIBILlTY 
EVPLUAT ION 

There I s  no large dairy operatlon 
I n  the Puna D is t r i c t  that would 
benefit from this process. 

Mushroam growing i n  greenhouses 
may have an application. 

Potatoes are not grown i n  the 
Puna Distr ict .  

Although attractive. the high 
cost o f  feed combined with the 

supplled from the mainland 
precludes cons1 derati on. 

l ow  cost of poultry products 

Because eucalyptus chips are 
now being shipped from the Big 
Island o f  Hawai i  t o  Japan f o r  
paper production, a pulp I paper 
m i l l  f o r  the Pahoa park should 
be considered. 
Because eucalyptus chips are 
now being shipped from the Big 
Island o f  Hawaii t o  Japan for  
paper production. a pulp & paper 
m i l l  f o r  the Pahoa park should 
be considered. 

Table 3.1 Page 6 

c (I 



... . .  . . . ~ .  -. I.. I . . - 

C c 

" .  I 
i 

APPL KAT I ONS MNRE OR MSCRl PT ION 
STANS 

RESOURCE LOCATIOM 
CHARACTER1 STI CS 

REF FEASIBILITY 
EVAALUAT I@i 

10 attmpted 6 Evaporation o f  sa l t  water Skikaba, 
abandoned i n  open tanks t o  produce Hokkafdo 

sa l t  crystals. Enterprise Japan 
uas abandoned because im- 
ported sa l t  uas cheaper. 

.i 

S a l t  water i s  not available 
a t  Pahoa. 

Salt Production 

S o i l  S te r i l i -  
zation 

exlsting U t i l i z i ng  geotheraral re- ------- Rotorua- 
source f o r  heating the Tsanpo 
s o i l  t o  eliminate insects, 
fungus 6 other damaging 
growth. 

10 A similar process f o r  the Puna 
D is t r i c t  may have future 
applications. 

w 
& Sulfur extrac- 

t ion 6 processing 

Vegetable dehydr- 

Lake 
Rotokaua NZ 

A similar process fo r  the Puna 
D is t r i c t  may have future 
appli ca t i  ons . 

150.C exist ing Geotheml s tem i s  used 
t o  extract sulfur f o r  use 
i n  f e r t i l i z e r  production. 

exist ing Gilroy Foods Inc (a) ships 143-1 6SC 
carrots. celery, peppemonions 76,600- 

processor a t  Brady H.S. f o r  
drying, 

6 gar l i c  t o  a geothennal food 366,000 kg/hr 

10 

Brady H.S. 
Nevada 

2 
Rodzi anko 

p.591 
Silverman 

8 
p.105 

The quantity o f  vegetables 
required f o r  such an operation 
will not be produced on the 
Big Island i n  the foreseeable 
future. 

Table 3.1 Page 7 



APPLICATIONS 

8 cunplcted, funded. Gca. k a t  to be 320°F Oregon 

undernay onlms, corn I potatoes. 
Process s t e m  @ 250 pslg. 

construction used for processing 
i ng 

WATURE OR 
STATUS 

DESCRIPTION RESOURCE 
CHARACTERISTICS 

LOCATION REF FEASIBILITY 
EVALUATION 

Slmllar crops are not 
produced i n  quantity i n  
the Puns Distr ict .  

i 

Table 3.1 Page 8 

c 



Reference L i s t  

DIRECT USES OF ENEw;y 

1. "Business Profiles' Geothermal Energy 6 ; November 1978. 

2. oeothermdlResourcesQuncil. Expand inq the Geothermal Frontier, 
Transactions, volume 3. ( ~ t k r m a l  Resources Quncil Annual mting, 
24-27 Septembe r 1979; Few, Nevada.), 1979. 

3. U.S. Department of EBergy. D i r e c t  Heat A32plicati03.r Fmgr am SunnnaKy I 
1979. 

4. %xkhennal Ehergy Used to Distill Alcohol.a DOE News. (Far imnedhte 
release; September 19, 1979.) 

60 m m  and Case Studies of Icruisiana, N m E l e c t r i c  Industrial 
ApJlications of Geopres sured Geothermal &sources. 
Department of Ehgrgy, nivision a€ Geothermal Energy, by de &meal 
Ehgitheers, Inc., l3ivision of Kidde (bnsultants, Inc.) E'ebruary 1978. 

(Prepared fior U.S. 

7. Geothermal Resources Council. Geothennal Energy: A M t y  Becanes 
Pesource. Transactions, Volume 2, section 1. (Geothemal ~sou?xes 
Council & m a l  Meeting: 25-27 July 1978; HUO, Hawaii.) 1978. 

D i r e c t  Utilization of Geothermal Ehergy: January 31 - 
February 2, 1978; San Diego, California . a3esF-780133. (prepared hy 

A Synpos ium. 

the Geothermal Resources Quncil for the U.S. Department of RE=.) 

9. 

10 

12. 1979/1980 ndition 



- 
Application Process Heat Used 
Temperature for  A p l i ca t i on  
Requi remen t 1012 gTU/Yr Feasi b i  1 i ty 

I ndus t r y - S I C  Grow OF ("C) 11012 M/Yr) Eva1 ua t i  on 

Group 20 - Food & Kindred Products 

Meat Packing - 2011 
Sausages and Prepared 
Meats - 2013 

Scalding, Carcass Wash and 
Cleanup 140 
Edible Rendering 200 
Smoki ng/Cooki ng 155 

w 

43.7 
0.52 
1.16 

_-  

L, Poultry Dressing - 2016 
Scalding 140 (60) 3.16 

Natural Cheese - 2022 
Pas teur i  zation 
S t a r t e r  Vat 
Make Vat 
Finish Vat 
Whey Condensing 
Process Cheese Blending 

41 
38 

170 
135 
105 
100 
160-200 71-93) 
165 

1.28 
0.02 
0.47 
0.02 
10.2 
0.07 

lJ DiRECT UTILIZATION OF GEOTHERMAL ENERGY: A TECHNICAL 
HANDBOOK, APPENDIX 1 OF GRC SPECIAL REPORT 87 

(cia 1.22 

(3.33) 

1.35 
0.02 
0.50 
0.02 
10.8 
0.07 

These processes may be 
applicable i n  the future 
i f  e i ther  (1)a large scale 
swine production i s  con- 
sidered f o r  the indust r ia l  
ark and/or (2) the beef feed 

relocated from Barbers Point 
on Oahu t o  the Big Island. 

Poultry production i s  not 
economically competitive 
a t  t h i s  time. 

. !I ots & slaughterhouses are 

The dairy operations i n  the 
Puna D i s t r i c t  are too smal l  
scale f o r  geothermal d i rect  
heat applications. 

Table 3.2 
Possible Industria) Processes Adaptable To . 

Geothermal By S I C  Group 1/ 



C 

Application 
Temperature 
Requirement 

Industry-SIC Group OF ("C) 
Condensed and Evaporated 

Mi lk  - 2023 
200-212. 93- 100) 
160 171) 
250 121) 

(72-77) 
F lu id  Mi lk  - 2026 

Pasteurization 162-170 

Canned Fru i ts  8 Vegeta- 
' bles - 2033 

Blanching/Peeling 212 
Pasteurization 200 
Brine Syrup Heating 
C m e r c i  a1 Ster i  1 i z 
Sauce Concentration 21 2 

w 
I g Dehydrated Fru i ts  

Vegetables - 2034 

Potatoes 
F r u i t  & Vegetable Drying 165-185 (74-85) 

Peeling 212 
Precook 160 

21 2 

Vegetables - 2037 
Citrus Juice Concentration 190 
Juice Pasteurization 200 
Blanching 180-21 2 
Cooking 170-212 77-100 

Process Heat Used 
fo Application 

(10 U/Yr) 
10 F 21gTU/Yr 

2.93 
5.20 
0.54 

1.44 

1.88 
0.15 
1.02 
1.67 
0.44 

5.84 

0.33 
0.47 
0.47 

1.33 
0.27 
2.26 
1.41 

Feas ib i l i t y  
Eva1 uation 

The dairy operations 
i n  the Puna D i s t r i c t  are 
too small scale f o r  
geothermal d i rec t  heat 
appl i c a t i  ons . 
The dairy operations i n  
the Puna D i s t r i c t  are 
too small scale f o r  
geothermal d i rect  heat 
applications. 

This process may be 
at t ract ive i n  the future; 
not a t  t h i s  time. 

Dehydration o f  papaya i s  
especi a1 l y  attract ive. 
Freeze drying process 
appears attract ive. 

Shipping costs preclude 
consideration o f  a 
frozen food industry. 

Table 3.2 Page 2 



Industry-SIC Grow 
Prepared Feeds - 2048 

Pel l e t  Conditioning 

Cane Sugar - 2062 
Mingler 
Me1 t e r  
De f eca t i on 
Granulator 
Evaporator 

D i s t i l l e d  Liquor - 2085 
Cooki ng ( Whi skey ) 

w I Cooking ( S p i r i t s )  
-I P Evaporation 

Dryer 
D i  s ti 1 1 a t i  on 

Soft Drinks - 2086 

Application 
Tempera tun? 
Requi rement 

OF ("C) 

. .. 

Process Heat Used 
fof2Appl i cat ion 
10 $)TU/Yr 
(10 KJ/Yr) 

180-190 (82-88) 

125-165 52-74 
185-195 85-91 
160- 185 71 -85 
110-130 43-54 
265 129) 

212 
320 
250-290 
300 
230-250 

Bulk Container Washing 170 
. Returnable Bo t t l e  Washing 170 
Nonreturnable B o t t l e  Warming 75-85 
Can Warming 75-85 

C '  

160 
121- 
149) 
110- 

77 
24-29) 
24-29) 

Table 3.2 

I.. 

i 
1 

Feasi b i  1 i ty 
Eva1 uat ion 5 

2.28 

0.59 
3.30 
0.44 
0.44 

26 . 39 

' 3.16 
6.27 
2.32 
1.94 
7.69 

0.21 
1.27 
0.43 
0.52 

Page 3 

(2.40) 

0.62 
3.48 

(27.84 

2.45 
2.05 
8.11) 

0.55) 

i 
! There may be a fu ture 

appl i c a t i  on. 

Cane sugar processing can ' 

benef i t  from large 
quant i t ies  o f  low cost heat 

$ 

Applications i n  the 
fu ture may apply t o  a l -  
cohol production as etha- 
nol  f o r  gasohol. 

I n s u f f i c i e n t  volume o f  
soft dr ink consumption 
i n  the area eurroundi ng 
Pahoa. 

b 

.. . , 

C '  
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Application . 

Industry-SIC G ~ o W  

Group 24 - Lumber 
Sawmills & Plannins Mills - - 

2421 
Ki ln  Drying of Lumber 200 (100) 

w 
Plywood - 2435 

Plywood Drying 250, (121) 

Veneer Dryin 12 (100) 
Veneer - 2436 

Group 25 - Furniture 
Wooden Furniture - 2511 

Makeup Air & Ventilation 70 (21 1 
Kiln Dryer & Drying Oven 150 (66) 

Makeup Ai i .  Ventilation 70 (21 1 
K i l n  Dryer & Drying Oven 150 (66) 

Upholstered Furniture - 2512 

Table 3.2 

Process Heat Used 
foT2Appl i cation 
10 +)TU/Yr 

(10 KJ/Yr) 

35.9 
15.2 
23.2 

63.4 

50.6 

f 

57.8 

.5.7 
3.8 

1.4 
0.9 

Page 4 . 

(37.9) 

(24.5) . 

(66.9) 

(53.4) 

(61 .Q) 

(6.0) 
(4.0) 

(1 -5) 
(0.9) 

! 
Feasi bi 1 i ty 
Eva1 uati  on 

9 

b 

i 
I 

I 

Inappropriate a t  this time; ! 
no basic r a w  materials and 
no markets identifiable. 

Koa lumber processing i n  
and near H i  lo,  Hawaii may 
benefit from these appli- 
cati ons . 
There is no local plywood 
production. 

Veneer i:s not p 
Hawai i.. 

Koa furniture manufacture 
may have considerable 
potential ; upholstered 
furniture would be a 
"follow on" expansion. 

b 
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Appl icat ion 
Temperature 
Requirement 

"F ("C) Industry-SIC Group 

Group 26 - Paper 
Pulp M i l l s  - 2611 
Paper M i l l s  - 2621 
Paperboard M i l l s  - 2631 
Bui ld ing Paper - 2661 

Pulp Refining 150 
Black Liquor Treatment 280 
Pulp & Paper Drying 290 

Group 28 - Chemical 
Cycl ic Intermediates - 2865 - 

Styrene 250- 300 
250 w 

m 
4 I Phenol 

Alumina - 28195 
0 i g e s t i ng , Dry i ng , 
Heating 280 

P las t i c  Mater ia ls 
& Resins - 2821 

Polystyrene, suspension process 
Polymeri zer Preheat 200-215 
Heating Wash Water 190- 200 

Synthetic Ribber - 2822 
Cold SBP Latex Crumb 

Bulk Storage 80- 100 
Emu1 s i f i cat ion 80- 100 
Blowdown Vessels 130- 145 
Monomer Recovery by 
Flashing & St r ipp ing 120-140 

27-38) 

(49-60) 

Process Heat Used 

164 
383 404 

113.2 (119.4) 

0.179 
6.086 
0.865 0.912 

4.095 (4.319) 

F e a s i b i l i t y  
Eva1 ua t 4 on 

Eucalyptus wood chips are 
now being shipped t o  Japan 
from the Big Is land o f  
Hawaii f o r  processing i n t o  
high q u a l i t y  paper. Long 
term contracts e x i s t  w i th  
Japanese firms f o r  most o f  
the avai lable eucalyptus 
chip production. 

Chemical production using 
geothermal br ine & waste 
or by products o f  other 
industr ies located i n  the 
park may be feasible. 

II 

4 

C ' . .  , 
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Indus t ~ Y - S  I C GrouP, 

Dryer A i r  Temperature 
Cold SBR, OibCarbo 

Dryer A i r  Tempe 
O i l  Emulsion Holding Tank 

Cold SBR, O i l  Masterbatch 
Dryer A i r  Temperature 
O i l  Emulsion Holding 

Mas terbatch 

Group 31 - Leather 
Leather Tanning & Finishing 

Low-P ressu r e  Curi ng 
Ready-Mix Cpncrete - 3273 

Gypsum - 3275 
Hot Water f o r  Mixing Concrete 120-190 (49-88) 

Wall board Drying 300 (149) 

Table 3.2 Page 6 

Process Heat Used 

3.66 

B:Z] 0.506 
0,090 

1.09 
0.090 

. 0.094 
0.060 
0.15 
0.034 
2.05 
0.13 

8.0 . (8.0) 

12.29 b (12.96) 

0.34 (0.36) 

11.18 (11.79) 

Feasi b i  11 ty 
Evaluation 

Chemical production using 
geothermal b r ine  & waste 
o r  by products o f  other 
indust r ies located i n  the 
park may be. feasible. 

IS.. . 

An exi  s t i ng  tannery 
operation i n  the H i l o  area 
has experienced d i  f f i cu l  ty 
penetrat ing the Hawaiian 
market. 

I n s u f f i c i e n t  ma 
Hot water mix not  consid- 
ered necessary because o f  
m i l d  cl'fmate. 

Cement w a l l  board process 
has potent ia l .  

b 

. .*.. 

! 

i . .. 
I 

! 

I. 
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INITIAL SCREENING 

The following processes fropn the lists were identified as having m 

obvious shortamings and so passed the init ial  screening: 

- AlulrlinuKl prooessing I) Freeze drying 

- Aquaculture Greenbuses 

0 CattleFeedMill WnkerSeasmiq 

Manganese Nodule processing 

Chemical. production papaya -ssing 

confined swine - protein Ideccrvery Plant 

Desalting water ... Pulp and paper Production 

Ethanol  proatlction 

These 17 processes were further =searched and gresented tD the team. 

!kammrbers were requested tD examine and rank arder these potential 

applications using the followhq selection criteria: 

1. Ehs the gxocess been adequately provm? 

2. amrket exist? 

3, Is the ~gpcess k a t  i n m i v e ?  

4. Are tramportation 00s- a serious amcern? 

5. Are there larown serious barriers? 

60 Are raw materials available locally ur can they be mided 
Canpet i t iVelY? 

7. Is there a local or an off-island finn that wuld invest in 
the process? 

80 Are there other local suppliers of a finished pmduct? 

9, Does the pmduct make sense fnr Hawaii in the Funa district? 

Highlights of the e background infomation that were omsidered in the 

final recarmendation are presented in the following pages. 
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CJ- Background and Considerations 

- F i r s t  stage of aluminum production is the Bayer -ration in hi& 

bauxiie ore is pmcessed to alumina. Bqer ecomnics generally 

dictate a mdular plant rated capcity of 800,000 to 1,000,000 

annual short tans (AST) depending an the grade and type of bauxite 

feed. 

- Ime second stage of aluminum production is the melting operation 

where aluinina is reduced to mlten aluminuln nretal  in " p o t r o a n s n ,  

and-pmcessed to @.nlary &-urn shapes indluding pigs, ingots 

and billets. %his smelting pxess  does mt require process 

S*alll. 

.. 

., - Largest existing I3ayer plant, in Australia, has about 2.5 million 

capacity. Such a plant muld deinand pAmary pxess steam 

of 750 psh at 750°F at a flow of about 6 million Btu per short 

ton altnnina produced. 

- Additionalenergymquiremmts: 

- 
- 

3 million Btu per short tnn alumina for the calcining kilns; 

250 kw per short ton alumina fjor electric drives and support 

facilities . 
- 1.9 short tolls alumina pLl3luces 1.0 short tons d t e n  allrminum 

metal. 

It is feasible to assme that ~97praximately half of the Bayer plant - 
output of estimated 400 - 500 thousand PST altnninUan ~ t d l  

duction fnilMild be processed earby into d l b  products, and the 

other 50% shim Overseas fran Hawaii for pmcesshg. 

)cri 
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- Bayer plants are aperated continuously w i t h  an average annual load 

factor of about 95%. 

Although Australian guvermmt policy.restricts the export of 

bauxite are, it is considered possible to cbtain an adequate 

supply for poduction in ~awaii. 

Mditianal sources of bauxite ore in the Pacific area are the 

- 

- 
Solamn Islands and Indonesia. %bere is also a sndu aM3ullt of 

luw grade bauxite ore OR the HaWian Island cd Kauai. 

Private 
Tkchmlogy, Kaiser AL- & Chmical orrparation. 

w i t h  Mr. E. F. Boobyer, Manager, mrgy 
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Ls Backgromd and Considerations 

- Production a x l d  include pzawns 

- A growth rate increaSe of 5 - 7% per degree centigrade of kin= 

perature increase &an be expected with the use of l o w  grade 

geOtheLmal kat. 

- Dr. LLnden Bumelll of Ime, Inc., an Equaculture developent firm, 

suggested the following criteria €or d e v e l o p a t  aast: 

- Cost for the developent &uld mt exceed $17,000 per acre 

of a 100 acre scale. 

Earth mrk costs should mt exceed $5,000 - $8,000 per acre. - 
Soil acnditions at the industrial.park site are 'not well-suited to 

aquaculture as mil is tuo.shallow-to allow amplete etavation of 

ponds and soil and bed 

- 

highly permeable. 

e w i t h  Hawaii's Qgh seafood 

0ansCnrptiOn (approached 30 million 

Export  market p tent ia l  appears favorable with  Hawaii's stramic 

s in 1979). 

- 
location hetween U.S. mainland and 

Industry. growth tn date "has been slow due to lack of experimental. 

facilities to approximate &rcial &itions and 

aquaculturist's inability a r  financial assistance. 

Ear East. 
- 

&quaculture Developen 

Lkpartment of Planning h Ekonanl ' c  Developlent. 4uaculture Developent 
in  Hawaii. l978. 

Astral, !&?my. Private Oxrespondence. Tilapia &search cn m i ,  
Hawaii. ZUgust, 1980. 

"LJ 
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Background and Considerations 

- The two existing feed mills in the State  are carnation ocmpany and 

Waldmn Limited; both are located ~1 m u .  Almost all irrgreaients 

are iltp5'm. 

- Little ka t  is used by either of the feedmills, as mst hyre- 

dients are in final use b r r u  when importea. 

- Apprc~~imately 15 to 18% of the feed sales in the State  are b the 

island of €3awaii. 

- sugar cane trash from the Rna Sugar M i l l  orrtld be the main ingre- 

dient for this cattle feed roughage amponent. 

Large ammts of k a t  muld be wired b dry the cane trash 

which has misture amtent of about 70%. 

T h a  is a markt for a LDughage cmponent of cattle feed in the 

Ebrbers mint feedlots cn Oahu and in Japan. 

Ebr the Japan market, IOughage feed is selling at approximately 

$160.00 per ton EU3 Yokohama. 

- 

- 
- 

Cattle Feed M i l l  

"Use of Geothermal Heat for Czup 
Applications." Final Rqcrt. Futures (3roup. March 1978. 

and Mated  pgricultural 

b 
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- There are rn existing manufacturers of cement m in the 

lhited States, 'Uaough the prodkt is -mely-manufac&ed in * .  

E21rope. Canec, an insulating structural fiber board w h a c -  

tured in a*plant in Hilo fran 1932 - 1963. !he plant Cl& 

because of the high 00s- of labar and shipping. - Marketing potential -bf cement m depends OB1 the Big 

f~land*s arnstruction s s ,  dkstruction grpwth cn Big 

Wand appears marginal at this time 

- Heating m q d n m e n t s  are 3.6 million BNS per b u r  for a 50 cubic 

meter plant operating at temperatures between UO - 150°F. 
cement wallboard p e l  can be pmduced for m x i m a t e l y  

$.67/sq. ft., 

- A 3/4A exeior  grade sheet =tails for $37.50 per 4' x 8' 

sheet in Homl 



Backgro urd and Considerations 

- Major restraints relate to the mailability of murces and the 

process dangers involved. 

&cause of pximity to the geothemal rift zone, a chemical 

duction plant sbuld be limited to pmducig chemicals which both 

- 

are mntsxic md norrsxplosive. 

&sources oonsidered include direct use of geothemal brine, 

parp?ing sea wabr to the inamtrial park site, and using by- 

products fxm manganese mdule ]~aw=essing. 

- 

- In I d a n d ,  salts are -red frrm the geothexual brine which 

has heavy amcentrations of dissolved salts m t l y  pmduced 

frolm intrusion of sea water in the brine. At pahoa, the geother- 

mal  brine, based m the oontene of brine from the EK;F-A well, 

c x m l A n ~  a i l y  w h t e l y  5% sea water. =refore, extraction 

of salts frrm this brine does mt appear to be feasible. 

wing sea wabr to the industrial prk  4 miles from the ocean 

would be very expensive. Amarrganese rrodule plant has mt yet been 

- 

develuped in Hawaii, the possibility of using waste materials from 

a plant is questionable. 

REmRENaKsT 

chemical. proauction process 

&adows, Katherine F. oeothermdl Wld Directory - -thermal Brld 
Carporation. U79/1980. 
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W 
Background and Considerations 

- 70% of the pork umed in mmii is imprted. 

- * maj& deterent locally producing pork& the l&h oost of 

feed, Wch mists of 70% of the gmduction aosts. 

- pork can he landed in H a w a i i  at an estimated oost of 57% a lb. of 

l ive  hdght ,  ocsapared to a currently estimated production oost of 

68$ a lb. in Hawaii. 

- L&lly.pduced feed has mt been oanpetitive to date. 

- PlR ampletion of a geothermally heated confined swine facility 
I 

- a t  e l l ey  &t springs in Qlifornia may p m i d e  a d d i t i d  

planning infomation of benefit to a tfawaiian facility. 

- metrating the pork market in Bwii would he di f f icu l t  due to 

higher feed oosts and lower Wice 6or p r k  from the laainland. 

- BecauseofthewamHawaii climate there is limited need &sr 

additional heat vhich may mt signif 

levels . 
the production 

FmERENxIlIsT 

Confined Swine Production 

Hawaiian Agriculture &porting Service, Stat is t ics  of Hawaiian 

Hawaiian Hog Producers, Eked Oost figures, Wember 1979. 

m, w. G. and m r ,  J. H. i Swine production h -rate anl 

Ehgergetics Marketing and Management Associates, Md., m t a i n  

Agriculture, June 1979. 

Trapical E s l v ~ t s ,  Ltd., 1974, W. H. Freeman and acmpanY. 

Geothed  Project, San E’rancisco, California, Wruary 1979. 
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Backcrround and Considerations 

- &search has been aoaducted in California's Imperial Valley 

demmstrating the we of geothermal fluids for desalting. 

Experiments running fmn 1972 through 1976 irrvolved the 

installation, -ation and xmdification of different desal- 

test units. 

-re is currently rn water shortage ryear Palma. - 
- W a i t y  w a a  shortage that exists on the Islm of Ham ism 

W West (bast. m v e r ,  p p i n g  the water to the West (bast of 

the W a n d  may mt be econmically feasible. 

Desalting water 

CO, R, D. B. w, and S. V. *&bo, "A Geothed DeSalhtiOn and 
Fmer aH&neration Plant" , Geothemal Gwncil Transactions Vol . 3 r  
1979 . 
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c - process requires 54,000 - 140,000 BTU per gallon of ethanol 

produced. 

previous laboratory experiment damnstrated the use of geother- 

mally heated water at.2409 for fermentation and distillation to 

pmduce 95% ethanol from sugar beet syrup. 

Could = m e  possible mainstay (major incaae producirq) industry 

for industrial park. 

W 

- 
- -  . ._ I- 

- 

- No oanpeting oomnercial-scaled fuel a alcobl plant exists yet in 

the stab.  

- 'Ihe pmduction of ethanol is consistent w i t h  national ard state 

goals of achieving energy independence. 

Sladek, lhoaMs A. "Ethanol kbbr Ekl and lGasohol*.m Mineral 
Industries Bulletin May, 1978. 

Kujala, Pauli. ' D i s t i l l e r y  he1 Savings by Efficient blasses Processh~ 
and Stillage W i z a t i ~ n . ~  . Sugar y Azucar 74:lo. October, 1979. 

"Geothermal Eneqy Used to D i s t i l l  Alcuh01.~ DOE News. (Ebr imneaiate 
release: September 19, 1979.) 

Gar-, Kenneth L. and Glenn E, Qury. "Maption of Geothemal Energy 
to produce Aloohlol frm miculture Oarmoaities." Rspanding the 
Geothermal Frontier. %ansactions, Wlum 3, 
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FREEZE DRYING PFXXESS 

Backgromd and coplsiderations 

I 

1 -  
- m z e  drying is widely applied in the food pmcessiq industry 

for ooffee, meats and vegetables. 

mically proven pmcess, which can use geothermal energy for both 

heating and aooling. 

A variety of raw materials are available in Hawaii which may be 

freeze dried, inclCaing Kana aoffee, papaya, guava, and mts. 

Although the s ~ u r c e  is limited, the market a r  freeze dried Kma 

It is a &chnical.ly ard econo= 

- 
I 
~ - 

ooffee agpears b be s t r c q .  
I 

Freeze Drying process 

q, J~ITES H a  and &inZ ~~JXWUI, "Econanr 'c Feasibility Studies: 1. 
VacumkEbff Freeze Lkyhg of E'ruite Juice hroducts; 2. Qn#Jvao 
Dehydration of Piece 
College of Tropical lqriculture, Hawaii pgriculture Ekprht  
Sation,  Ekbmary 1977. 

Fruit products,n university of Ehwaii - 

, 
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L, 

GREENHOUSES 

Backgroend andConsiderations , 

- Greenhotlses tor m u c t i o n  of tnmatoes and cucumbers, using 

geothermal kat  have been successfully demonstratedl at sllsanville, 

California. 

?iawaii mi -ation, the majar gmwr cn the Island of Hawaii 

is located at a 3,0001ft. elevation. It is axmnly believed that 

the mimum w r a t u r e s  at  the higher elevations enhance the 

quality of the product. 

- 

- Ihe mi -ation is currently rnt intemsted in docat ing  t~ 

the pahoa industrial park site, hich is 

Presently m e r e m e n t  for heating exists. 

a 1-r elevation. 

- Soil wannipg was investigated for anthurium pmduction. -ver, 

the warmer soil does mt imprmre production. 

- A - p t e n t i d l k ~ r m s h r o g n s  in greenhouses 

exists, but to date, 

higher quality. 

products are less expensive and of 

REEmENxIits!r 

Greenhouses 

persanal- ‘cation w i t h  Alvin Oyadanari, cbaperative Esttension 
%+ice &ent; Hilo, thwaii; et&er 15 and Novenaber 7, 1979. 

Climatological Data, Hawai i  & Pacific. Asheville, N.C. - National Oceanic 
& A b n o q h e r i c  Mmin., ~hvimnmental mta Service, various dates. 

personal oamunnicatian w i t h  Richard Nakano, cbaperative Extension Service 
Agent; Waimea, Hawaii - Novexber 19, 1979. 

Direct Heat &plication progrmn Smnary .  presented at the Geothermal 
Resources Oouncil mual Meeting, &ptember, 1979. U.S. 
Department of Ehergy, Division of Geothermal Energy. 

W 
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Backgrotlrd and Considerations 

- Two saw mills are currently -rating on the Island of Ehwaii; 

both mills air dry the lumber. 

- 
- 

Kiln drying muld reduce the misture -tent bo roughly 7%. 

!kqerature between llOo and 120 OF wuld be required for the 

kiln. 

Although the main mod mutt is koa, other species includirg 

ohia and eucalyptus aould be dried in the kiln. 

Critical unkmwn factors are the supply of lumber available on e 
Island of Ehwaii and whether &-value added by drying is =anted, 

- 

- 

%is, HaTXey. personal- ‘cation, Ahudloasawmill, Ahudloa, 
Hawaii - Nowmber, 1979. 
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~mIxTLEmdDcEssING 
'td 

- Hawaii is located q p m x h t e l y  700 miles from a belt of hygrade 

- Currently four American led Q3zIsort;l 'a are at various @ w e s  of 

the radules. 

extraction of the 

leach pmcess intensive 

requiring temperatures as high as l l 5 7 O F .  

- Geothermal alone wuld not ampletel t &tucess heat 

Pahoa geothermal idustrial 
_ .  

park. 

ible, a large 

scale facility is necessary, which m y  be tD0 large for the park 
. .  - 

the 

C E c o n m U  ' c  Developmt, February, 1978. 
LiJ 
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PAPAYA PFCCESSING 

, 

I3ackgrOund and Considerations 

F i v e  local ocmpanies pick and process an estimated 45 million 

pounds of papaya Per Ye=. 
In the Fum District 3,000 acres are dedicated to ppaya 

production; however, only 1,800 acres are hawested at  any me 

the. %e mnahing ppaya land lies fallaw as me mtated 

and the mil sterilized. The estimatc3d annual 

25,000 poumls per acre per year. 

60% O!€ the Fapaya is m e d  fresh fnrit. aUe balance is 

aoamertedtoprree. 

A t  the -Sent time, there three local W e s  m: 
Raa Papaya, suisan Fruit Processirag and E3awaiian Fruit Elavors. 

Very little heat is required to pmcess pree. 

sent process requires refrigeration because the pmduct is frozen 

for shipnent and ~uarkting. In the near future, it is planned to 

cormert the pmcess to an aseptic pocess which w i l l  eliminate the 

necessity for refrigeration in storage and Shipnent of the pree 

e 

and wire high m a t u r e s .  

A dehydration pmcess is being developed d c h  will 

perature of 250OF. 'Ihe equipnent is capable of pmducing 500 

pounds of dried ppaya per hour. 

A m a l l  b i n e s  fim, Ia Mo'o ,  at Pahoa is currently developing 

reatem- 

an integrated system ar the \Lse of solar energy and biolMss 

energy for the redlamation of papayas not amsidered suitable e 
marhting. %is firm has developed contacts * marketing dried 

L 
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papya in Europe, Japan, Hawaii and the U.S. mainiand. 

~n greparation of fresh fruit for shipment, the fruit is soaked in - 
a hot water, chemical solution for 20 fninutes at a temperature of 

12O0F. 

Brebbe, J.E. et al. Operating Manudl Eor Papaya Puree Processing. 

mkvec, John. persoadl consultation. mi, cdlitorma - - W/!j/k!l). 

Livkrgstone, mid. Srsonal cbnsultation. Ila Malo'o, Hawaiian Dried 

SO-, F&IA R papaya production rn~ceting and IIXXXBL papaya 

Fruits & H& - 1979/80. 

8&ninistrative ommittee - Septe&er, 1979. 



Background and Considerations 

Technology for a protein separation process has been developed by 

the U.S. Epartment of Agriculture, Western F!egional &search 

Center (wRw=) in Albany, California. 

New protein separation pmcess, knom as Pro-xan, OOIbcentrates the 

protein and xanthophyll axqxnen- of green leaf crops, leavirq a 

fiber that can he as forage presscake W e  retainirvg a 

substantial awunt of ptein. 

ale pro-xan process is being amercially p r c d e  in the united 

States and at several locations in Exnape. Ihe lpocess was first 

intmduced in the United States in 1978, &en Val ley  Dehydratiq 

Canpany (vM=) of Sterling, G~lorado, mdified one of its existing 

alfalfa dehydrating plants to the -2m-I process. pris plant 

is pesently in its secord season of amnercial qeration. 

Leaf protein can be a valuable souroe of protein 501r human con- 

sumption as well as for cattle and poultry feed. 

Ieaf ptein w i l l  have to amPete m an econanic basis with 

soybean meal and other presently used protein 8ources. 

The Pm-Xan pmcess is energy intensive requirixq in excess of 

8,000 pounds/bur of steam Eor a prcz-xan plant designed to p r a t e  

on 40 tcms/bur of clhopped alfalfa. Ihe alfalfa dehydration 

plant at Sterling, cblorado, o o n s ~ s  278 million cubic feet of 

gas annually for a 130 day operating season. 

Leucaena is believed to be adaptable as a green leaf crop supply 

capable of providing the protein rich mterial for the process. 
L i d  
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- Annual yields of edible dry matter (fram the leucaena) are 6 to 10 

-/acre. plis is equivalent to the production of 800 to 

-4,300 pounds/& af pmteh. 

ad 

REEmmcE KST 

mtein Recovery Plant . 

m e r ,  Gsrge 0. and Knuckles, Benny E., Edible Protein fran LeaveS, 
May 1977, Food Tkci-xnlcgy. 

Milner, Max & scrimshaw, &van S., Wang, Daniel I.C., protein Resources 
& Techndlogy: Status and &search Needs. Massachusetts Institute ' 

of !L&hml ogy, 1978. 

Wer, Oxrrge et al. kaf  a t e i n  in  Relation to mrage crop 

Ekiwards, R.H. et al., "Ocmnercial Scale production of Alfalfa haf 

Fmduction & U t i l i z a t i o n .  

Protein n t r a b  (Pro-xan): A Progress Fkpcxt," Paper gre- 
sented at the 1979 Winter &tiny, Anerican Society of Pgriculture 
Engineers, New Orleans, buisiana, Dxember 1979. 

L, 
3-35 



PULeANDPApERMILL 

Background and Considerations 

- The concept of us- sugar cane bagasse as a fiber SoUTce fior pulp 

or papr mill located in Hawaii has been extensively studied since 

the 1900's. 

to high labor and s h i ~ i n g  costs, 

- A pilp mill is a large energy cmnsumr. 

Fulp and Paper M i l l  

"First Draft of Feasibility Study Oortcerning the Possibility of 
Establishing a Fulp and/= Paper M i l l  m the Island of Ehwaii," 
prepared for C. Brewer and Chnpany, Ltd, M i t s u i  and Ccmpany, Ltd, 
and Jujo Paper Manufacturing CQnPany, W, by Joseph E. Atchison 
M t a n t s ,  -0, New YOrk, Jan- 20, 1969. 
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Background and Considerations 
w 

- Sugar m s s i n g  is an energy and the use of 

ications at the Puna 

wuld be cnly marginally ecormnic pr 

needed for the geothermal steam transmission system fran the wellhead. 

'Ihe high oost of mslocating a sugar €actory at the Pahoa industrial. 

park m y  @Me further axsideration by any sugar oanpany. 

e of the capital 

- 
- A FProposal has been suhnitted to establish a major sugar =finery 

in  Pahoa. Mvanbges include p e r ,  wabr, amumications, labor, 

space and ~n assumption of geothermal esbergy in useable fom. 'ihe 

finishedr muct INXU be shipped by oofiventional freight as 

apposed to the special bulk ships now used. 

- The fact that Hawai i  and the Pacific Basin already have a refinery 

at Aka QI Oahu operated & QH may serve as a major deterent. 

A tremendous anrnmt of new capital wuld be required to build a 

refinery w i t h  the capcity for 800,000 plus tons of refined 

product. Ihe risks of geothermal reservoir depletion zd volcanic 

disn;V?tions and other such factors rust also be considered. 

sugar proaessinq 

"Use of Geothermal Heat for Sugar Refinhy," Final &part, TIN 

PUM Sugar Q. Righer ing  & E d c  Analysis for the Utilization of 

-terns and mrgy, May 1977. 

Geothermal Fluid in a Cane Sugar Processing Plant. Final Report - 
w 1979. 
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- A research laboratory could oontinue to evaluate aIxl test direct 

applications of geothermal energy. 

m i n g  to ome frcnn a variety of sources including gwe-t - 
private, through grants and/= users fees. 

Ihe laboratory is oonsidered to be a support 

potential businesses. 

- test facility 
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PRDcEssEs SELEcllED FOR INITIAL E-C ANALYSIS 

Etcm the seventeen pmcesses, nine =re selected for further study in 

the initial econanic analysis. '&e rationale in choosing these m s s e s  

are presented below. 

Aquaculture 

L 4  

- In hanmny and amsistent w i t h  the Hawaii State Plan pssed  by 

the 1978 legislature. 

Initial studies show significant increase in growth rate of cer- 

tain quatic species due tD an increase in water temperature. 

! t f ~  local demand 601: seafood and cultured aquatic species is 

very high. 

- 
- 

- Ihe industry is energy intensive with low -rat=. requiremenb 

making it an ideal end user. 

Cattle Feed M i l l  

appears strolbg. 
pre abpt.ion of the existing &chmlogy to geothermal applications 

-yiU require arly rainor mdifications. 

camrtbg bagassemd cane leaf trash into feed ompnents is 

- 

. -  

- Esuipment and plant layout plans are mailable from existing 

facilities . 
- process is heat intensive and my require additional k a t  - 

input for raising the temperature of the dryer. 1 
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Cement Wallboard 

- The demand for oonstruction materials in Eiawaii is extremely high 

w i t h  the market being very c a p t i t i v e .  

Initial estimates by Bison Werkes indicate a favorable return cn - 
investment with the cement wallboard directly oxl@ing with 

exterior plywood as a building material. 

- Thepmducthasbeenused 

Gemany as a cmstruction 

- Thepmcessispmvenard 

available. 

is kat-intensive. 

extensively in b t h  Shtzerland amd 

material. 

the manufacturhq quipnent is readily 

It was generally agreed that a successful Mustrial park should have 

ai  industry *ch serves as the mainstay, that is, a major iname pmducer. 

The sdnstay industry slmuld require large mounts of k a t ,  irrvolve a -en 

technicdl process and be relatively law risk. Other industries in the park 

may then be name risky without endangering the viability of the industrial 

ccarq?lex. 

Ihe pmposed ethaml plant was first -ice as a mainstay industry. 

w v e r ,  because molasses may be too expensive as a feedstock, a process 

that can use various raw materials including d residue and bagasse as 

well as mlasses was recarmended. Although the process selected was rnt a 

process currently in CQlnnercial production, significant prtions of the 

process had been demnstratd in a laboralmry pilot plant to indicate a 

high probability of success. 
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There is wesently IID oanpeting cunmercial scaled fuel ar alcohol plant 

in the Sta te  and there is a market being established for gasohol at this 

time. 

One side benefit frcan selecting an ethanol plant WDUld be the possibi- 

lity of using an acohol-pcwered truck fleet for the transportation 

requirements for the industrial pirk. 

Ih sumwry, although a mre detailed Biialysis UE the =liability of 

geothemal resources to an ethanol plant was omsidered rrecessary, the mu- 

bination of the availability of molasses an3 bicmass- and geothermal energy 

on the Big Island mupled With the local mxd for liquid fuel made an etha- 

nol plant a good Erospect for the Iaropo?;ed geothemal kdustrial park. 

Freeze wing 

- !rhe pmcess is oechnically and e#>awmicdlly proven. 

- The raw materials are indigenous to Hawaii. 

 he process can utilize heat in both the kating and c00ling 

stages. 

- Availability of KaM mffee al the Island of Hawaii. 

I t  ws 'zed that to perfonn econrnic analysis cd l&r 

drying/seasming/viucd chips, additional infomation_muI.d be needed cn the 

supply of mod available al the Rig Island and the nature of the market 

demand. 

nme carefully determined. SQme concern &'that the &e 

required for rpforestation 

tion calling for an expansion of the industry beyod the current levels. 

In addition, a measure of the value added by wing lumber IIPlst be 

m t r d e  any long-temt high-levd-fxpauo 
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However, in  spite of the foregoing concerns, it ms concluded that a 

lumber kiln could greatly benefit the local lumber industry and that such a 

ki ln  muld uti l ize  established technologies and cmld use quantities of 

medium grade bat .  me pmess w s  recarpnerded for further evaluation. 

papaya 

bi' 

- The industrial park site is located at the oenter of mii's 

papaya Emduction farmlands. 

papaya groductim ranks fourth in Hawaiian agriculture. 

Approximately 40% of the papayas in Hawai i  are culled With only a 

small percentage being pmcesed. %us a large supply of f r u i t  

for processing is available (presenting a favorable area for 

developent) . 

- 
- 

- 'Ihe process is a transfer of technology fran exis- p t e i n  

recovery plants. 

An anple e l y  of feedstock is available cn the Big Islard of 

Hawaii. 

The mrkt potential fDI: p t e i n  appears high for use as a feed 

ampnent  in Hawaii and Japan am3 possibly for omsumption in 

undeveloped countries. 

- 

- 

Fesearch Laborae  

A direct heat geothemal research laboratory will m i d e  a fac i l i ty  

that can b s t  and develop 1FB.paniSing pncesses for both the industrial park 

and for m a l l  scale low hnperature applications. 'Ihis facility would be 

in accord w i t h  the stated Gounty policy regarding geothermal developmmts. 

342 



Alurmnum processi&j 

?he large qmtity of electrical p e r  required & the melting of 

aliaainlmn may be mailable in the future using geothermal energy. 

for plrposes of this study, application of direct k a t  wuld mt be involved. 

me first stage pmcess,in &ich the alumina is muced frcm bauxite 

-vert 

ore requires direct heat applications. -vert this pmcess w i l l  m-y 

bauxite mines. 

chemicdl ProductiQn 

(3mical pmduction was not sel because of e lack of readily 

available resources and the dangers and envimnme~M. hazards involved. 

(a) the high cost 
_ -  

0 market in 
s warm climate and ss EIs mt 

I 

Desalting Water 

ss was mt selected because e r e  is m apparent vater &or- 
\ 

- 
- H e  requirements mre ecamnically met by solar applications. 

very Little hating requirements because of climate. 

U 

I 
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Manganese Nodules 
k, Manganese mdules was m t  selected because the process was not environ- 

mentally and Wially acceptable b the P a b a  m u n i t y .  M e r ,  the 

manganese mdule processing developnent is too uncertain b r  selection at 

this time. 

Pulp and Paper M i l l  

%is process was mt selected &awe there w a ~  m eammic market , 

available and because of mjar errvimnmenM barriers. 

sugar processing 

Sugar pxessing was mt selected because of the high oost of relo- 

cating a sugar mill to the Pahoa industrial park. 

stEpIIIl(y 

Selection of tkae candidate industries 5ar initial econanic viability 

analysis are sumnarized in a mss selection matrix (Table 3.3). w i t h  

rank ardlering of the 8 industrial pocesses and the research laborabry. 

Several ~pocesses mt selected aould be further evaluated by a research 

laboratory and subsequently he determined to be feasible. 
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SELECTION MATRIX 
m 

gs 
Js: 
E O  . r v l  

2: 
Has the process been Yes no yes 
adequately proven? 

Ooes a market exist? Yes no yes 

Is the process heat 
intensive? Yes Yes Yes 

Are transportatton 
costs a serious 
concern? Y e  ' n o  yes 

A r e  there known 
serious barriers? yes yes no 

Are raw materials 
available l oca l l y  
or can they be 

rovided compet i t ive 
k.' 0 Y? no p S  
b 
v( Is there a local  

f im that would 

Is there an o f f  is land 
firm interested i n  

-investing i n  the 
process? no 

Are there other 
local suppliers o f  
a f inished product? Yes 

invest i n  the process? no no yes 

no yes 

Does the product 
make sense f o r  
Hawaii i n  the Puna 
d i s t r i c t?  no no yes 

Reconmended and 
Selected no Yes Yes 
Study Team's Rank Order 9 2 

5 
0 

c- alm 
N C  

yes yes 

yes yes 

yes yes 

no no 

no no 

yes Yes 

yes yes 

yes no 

nQ Yes 

yes yes 

yes yes' 
1 6  

PROCESS SELECTION MTRIX 
Table 3.3 

c 

yes yes -- 

yes yes Yes 

no no no 

no no yes 

maybe yes Yes 

yes no Yes 

yes no no 

no yes -- 

yes no Yes 

yes no Yes 
4 5 



L, 

Introduction 

l i s  chapter awe= the initial quantitative =view of those h i u s t r i e s  

identified as possible ondidate tenants of the irdus&ial park. The eight 

potential industries, exclusive of the Geothermal  search Iaborabq, 

selected for  initial eammic viability evaluation are as fbllows: 

- Ett.lanol Plant 

- protein EEcmery Plant 

- Freeze dKyw of K O M  cbffee 

- Umber Kiln 

-cement &mded wduboard 

- lquaculture 
Methodology Einp 1- 

li~ in i t ia l  eccmmic viabili ty analysis assessed the availability of 

raw materials, market potential and the uverall econanic aanpetitiveness. 

Significant barriers and risks in these areas were wighed apinst the oost 

advantages/disadvantages a€ locating at the geothermal park. tihen the 

problems clearly outweighed cost advantages, the industry was rejected fran 

further analysis. 

A d i f f e r e n t M  oost analysis ampared the oost of operation at the 

industryls current location to the Pahoa industrial park. Cost 

differences arose due to: 
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1. Energy requirements - g e o t h e m  versus fossil fuel or other fuel 

source. 

2. Freight and logistic requirements.. 

3. Relocation requirements. 

A breakeven analysis bas aonducted assuming the industries bere located 

at the Pahoa geothermal park. %he required breakeven selling Fice ms 

then acmpared w i t h  the current oost of the product in Hawaii to determine 

if locating at the geothemal m k  muld m i d e  a cunpetitive edge. 

0 
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E?HANOL PLANT ANALBIS 

Intrcduc b v  I /  
:tion 

A camercial plant designed to produce 20,000 

and other energy products was selected fir study. ?he specific process 

chosen was believed capable of utilizing a wide range of ligmcellulasic 

feedstocks incl~ning iycrans2, modwastes and agricultural wastes. NO waste 

products were anticipated fram the process so it muld be an effec- 

tive net energy producer requiring rn input of fossil fuel. mis produo 

of fuel grade ethanol 

tion could satisfy 24% of the Frojected 1985 State  of Hawai i  ethanol demand 

fok use in a 10% gasohol mix. 

2O,OOO g@ ethanol plant require imately 206,000 

stock m u a l l y .  This bianass feedstock am 

sugar cane bagasse and chips/slash are the resultant pro= 

duct from sugar m i l l  and lumbering -rations respectively. 

Init ial  surveys were ca&~~ ted  to detemine the mgnitude of existing 

feedstock fmm local industries. ?he= surveys amsisted of'interviews 

with plant mnagers as wll as aorrespondence by letter. 

overall resulted in ~ J O  amditional o=nanitments made by each, AMFX and 

The m y  

C. Brewer & CO.8 Ltd. to sell upon reaching a nutually agreeable Wice and 

surveys -re also 

chips/slash. Thissurvey fourd a total. of 26,000 tons of chips/slash 

availably annually. 
. .  
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It must be enphasized that the cbject ive and in ten t  of the survey was 

to determine that adequate feedstock is available and m attempt was made 

to quantify the total mount available. 

The hllowirq table sramnarizes the results fran the survey which, 

however, does mt accurately Wicate the total potent ia l  &ich can be 

developed. 

Feedstock Source 

Bagasse : 

91,250. 

45,625 

45,625 

Puna sugar Mill/&nfac 250 

Ka'u %gar Mill/C. mewr 125 

Bqeekeo Sugar Mill/C. Brewer 125 - 
Total 500 

wood (Slash) : 

-1-B- 

campbell Estates 

20 

50 

182,500 

8,000 

18,000 

k. 

mtal 70' 26,000 

Hence, this survey f o a  as lIplch as 208,500 tons/yr. ainpared to the 

estimated 206,000 tons/yr. required 5or the ethanol plant. 

Market Potent ia l  

Hawaii  urgently needs additional danestic energy sources to reduce its 

deperdence on impr ted  oil. Oil consmption in  1979 was approximately as 

follows: u 
I 
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Electric Generation 27,000 barrels/day 

kbtorFuel - 25,000 barrels/day 

Jet -1 25,000 barrels/day 

h, 

Other - 23,000 barrels/day 

100,000 barrels/day 

Virtually 100% of Hawaii’s energy is supplied by importea oil and gas. 

In the last 12 mths, the cost of energy to Hawaiian amsumrs has 

increased over 70%. Hawai i ’ s  1980 oil b i l l  exceeded $1 billion. 

saleable products from the ~rroposed @ant WUM include ethanol, 

methanol, methane, steam, yeast and electr ic i ty  

total almost 7 million g a l h / y e a r .  It wxld  be produced at approximately 

200 proof for use in the gasohol market in which 10 parts of ethanol is 

blended w i t h  90 parts af unleaded gasoline to make gasohol. m i f k  

~desources, Inc. (PRI) has indicated an interest in marketing the ethaml. 

This firm is already a major energy supplier in the State and has 

established an initial ethanol/gasohol marketing gmgram using ethanol 

-1 production d 

from Bellingham, ‘CJaShingbn. 

Metharrol output muld be approxhte ly  800,000 gallons/year. It cuuld 

be used as boiler Hawaiian =finery to 

ibutors rn the 

uceanes 

titiveness of the Ethanol  Plant 

degree by the price tn be charged for ethanol. %e ethanol being shipped 
’&) 
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LJ 
by Pacific Resourcesf Inc., to Hawaii fram the Bellingham plant in  March 

1980 cost $2.05/gallon landed in Honolulu. 

ratio with unleaded gasoline to fonn gasohol, the ethanol mst ultimately 

canpete with the price of laileaded gasoline unless the gasohol is to be 

Since ethanol is mixed on a 1:9 

sold at a premium. 

tor at the same price effectively as unleaded gasoline. 

It is assumed the ethanol w i l l  be sold to the distribu- 

The average rack price of unleaded gasoline i n  August 1980 was approxi- 

mately $1.36/gallon. lh is is an increase fran 529/gallon a year ago. With 
8 

the Federal Gmemnent subsidy cn gasohol of 4$/gallon in the 6arm of a 

waiver on the 4$/gallon excise tax and a similar p m i s i o n  by the State of 

Hawai i  i n  waiving the 4% sales tax, an 8(b/gaJ.lon reduction in  ethanol 

selling price can be realized by the oonsurner in the pnrchase of 10% mix 

gasohol. l i s  mans that  the effective price of ethanol in today's market 

wuld be $1.25 instead of $2.05. Wver, as this subsidy is not received 

directly by the ethanol producer, the canpetitive selling price wainst 
which ethanol fran the geothermal onanercial park must cunpete is $2.05/gallon. 

Ecorvrnic Viability Tests 

The f i r s t  econanic viabili ty test focused m the mst savings to be 

realized by locating an ethanol plant at  the irdustrial park and utilizing 

geothermal energy versus locating at the PUM Sugar Mill and utilizirrg 

fossil fuel. A t  both locations, the major feedstock for the process wuld 

be a mixture of bagasse axfi mod wastes. 

The Aula Sugar M i l l  was ctrosen as an alternate site a r  canpr i son  w i t h  

the industrial park. Differential mst include energy, transrprtation and 

construction. The results of th i s  analysis presented in Table 4.1 indicate 

that savings of $1,175,324 can be realized with a geothermal ethanol plant. hi1 
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TABLE 4.1 

DIFFERENTIAL COST ANALYSIS - EXHANOL PLANT 

Energy 
Assume: Substitute for geothermal steam a d  be fossi l  fuel. 

Difference - 
Geothermal F o s s i l  Fuel Geothermal Savings 

Cost per MBTLT $2.67 $7 . 46 $ 4.79 

Energy faequirement: 

3.431 x 10' MBTU/yr $916,077 $2,559,526 $1,643,449 

Transpo rtation 

Assume: %e mst likely location for the ethanol plant other than at the 
park wuld be at the Funa Sugar Mill. The clDst of transpOrtirrg 
the bagasse fran the sugar mill to the park is $3.64/ton. 

Cannercial 
Park 

Transportation cost 
based on feedstock 
requirement: 

280TPD x 365 days x 
$3 . 64 $372,008 

Construction 

Difference 
Additional Cbmnercidl 

Park &pens e 

($372,008) - 

Assume: A construction premium of $30,000 for  the p r k  is added tn the 
plant construction cost a t  the Puna Sugar M i l l .  %e prmium 
ref lects  additional transportation aosts for the 16 miles fran 
the sugar m i l l  to the park site. 

Difference 
Caraaercial sugar Additional. car;Prrercial 

Mill Park Expens e - Park 

Construction a t  
for  a 20,000 gallon 
per day ethanol 
plant $30,000 - ($30,000) 
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TABLE 4.1 (continued) 

SUMMARY 

Transportation 

Construction 

Operations 

N e t  savings/(-) 

-vings/(Expense) 
by locatirrg at ocmmercidl 
park versus Puna Sugar Mill 

$1,643,449 

( 372,008) 

( 30,000) 

$11175,324 
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u- 
the current e- 

EmEAmmN ANALYSIS 

Annual Variable Cbst 
*operating and Maintenance 

Breakeven revenue required $ 7r738r530/yre 

Ccanpetitive 

Market Potential: High 



Molasses E t h a n o l  

Ld Although the basic ethanol process selected in  the study converts 
. 

cellulose to ethanol, an econcsnic viabi l i ty  test of a praposed mlasses 

plant was also undertaken. ?his pmpsed mlasses plant was evaluated in 

the Hmaii E m 1  frcm’~ E’blasses Project (Hawai i  Natural Energy Institute, 

U.S. Department of wrgy, Contract No. cE-kO3-79ET23141, April 1980). 

 he base pmcess developed in that study utilized m r  c fuel cx its 

equivalent and a mlasses seeds-. 

$1.76 (August 1979 dollars), which equates to $1.96 in March 1980 dollars. 

%he same process was costed utilizing geothemal energy at $2.67/MElU 

pbe cost per gallon of ethanol was 

as qp!32d b3 fossil fuel b3 deixxmine the ocmpetitiveness of geothemal. 

Table 4.2 presents the results of the analysis. 

utilizing geothemal energy, cuuld mute ethanol for $1.87/gdllon, a $.09 

HNEI molasses plant 

savings -over the use of fossil fllel. 
’ An investigation was made to see if this cost saving was sufficient to 

cause any of the Fraposed mlasses ethanol plants to locate in Pahoa. Hilo 

Coast processing m y  is studying a radLasses ethanol plant at their 

sugar factow at Pepeekeo, approximately 25 miles may fran P h .  It was 

evident that by locating this plant in the park, additional costs w x l d  be 

incurred in transportation and duplication of infrastructure ard supervision. 

These additional costs muld he greater than the mergy saving. 

The cost of additiondl pmcessing capacity at the Hilo Goast Processixq 

f ac i l i t y  to handle mlasses fran other sugar factories on the Island of 

Hawaii muld be significantly less than the cost of an i n d e m e n t  plant in 

Pahoa. 
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* -  AND GExlMERMAL MoIdssEs PLmr 

Cost Analysis for Base processes for the hroduction 
of -1 w i t h  Deep Ocean Discharge of Stillage 

Fossil Etle1 Molasses Plant Geothemal Molasses Plant 

cents 
Annual per Gallon Annual PerGallon 

($1000) of Ethanol ($1000) Of Ethanol 

operating 00sts’ 

Labor and supervision 

Supplies (chemicals, 

mel, bunker C or quivalent  
(1681.9 hpt r h u s  47.0 

.excess electricity, Mf/100 
liters ethanol = 1634.9 lu 
= 432,240 MEITU) 1,756 23.81 1,154 15.65 

&pair and maintenance (3% 
of tntal imtestnlent of 

“ (including q 1 ~ ’ b t m e f i t s )  $ 490 606 $ 490 6.64 

nutrients and water) 275 3.73 275 3.73 

$9,970,000) 332 332 4.50 

Wlasses feedstock 1$7l076/t0n)7, 7,903 107.17 

20 065 

lbtal Operating Costs 12,370 167 74 Ut677 158.34 

- 1,523 - encies (15% of above 

mtal Cost $15 ,137 205 26 $14,444 195.86 

&SSi‘EXCeSS ast (20 kcy’trmure 
% - 

mlasses @33 . 7$&) 674 9.14 674 9 .I4 

196 .l2 186.72 N e t  Cost 

Difference frm Molasses Plant $692 8.07- 

u. 1 Table U.S. Department of mrgy amtract  No. lE-AC03-79EE23141, Wil 1980 

, 2. Original unit oosts and incane stated i n  August 1979 dollars. 
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CKL'TLE FEED MILL ANZ&YSIS 

Introduction: 

?his analysis focuses cn the feasibil i ty of locating a camercial plant 

designed to produce 240 tons pr day of a cattle feed mughage cunponent in  

the Pahoa Industrial Park. The specific process selected dries and foms 

sugar cane leaf trash in- 1-1/4 inch cubes to be mrlceted as a roughage 

canponent of cattle feed in both Jam and Hawaii. 

Availability of Feedstock 

'Ihe feedstock under amsideration is sugar cane leaf trash, also known . 

as "cane strigpings". The sugar cane leaf trash @ 600 tons per 24 hours at 

approximately 70% mhture is available for study purposes fran the Puna 

Sugar Mill *ich only recently installed a nrechanism to seprate the leafy 

cane trash. 

for cane trash w i l l  be used. 

per ton fraa the Puna Sugar M i l l .  

Fbr this pmcess evaluation an estimated oost of $24.50/ton 

In addition, transportation oosts are $3.64 

Total k a t  needed to &y 600 tons per 24 hrs. of sugar cane leaf trash 

With  70% misture is approximately 72 MBTU/hr. assuming 50% 

efficiency. 

Geothermal k a t  using 375OF hiput to the furnace air peheater can 

provide 32 MBTU/hr. 

Process "fines" can be recQvered and bmed in the dryer furnace 

praviding 15 MBTU/hr. 

Wood chips m i d e  the balance of heat required Le., 25 MBTU/hr. 

at a oost of $75.00/hr. 
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Market Potential 

'u Hawaii importS wroximately 30,000 tons of cattle feed mughage each 

Ye=. In Japan there rtage of 300,000 of mughage per par. 
~ - .  . I.. , * .  

TABLE 4.3 

Actual 1980 Selling Price/ton of mug hage Cattle Feed 

cubed sugar leaf trash 

OahU Japan - 
$160 00 $120 00 

Alfalfa pellets frun Mainland U.S.A. 280.00 175 . 00 
lblokai guinea grass 180 . 00 58.00 

1 Pine-le bran - 120 . 00 
i 
I 
I 



TABIE 4.4 

D1FFEREN"IAL I COST ANALYSIS - CATTLE FEED MILL 

Energy 

Assume: A substitute for geothermal steam vmld be fossil fuel *ere a 

canparable plant wuld be located at the Puna Sugar Mill. 

Difference 
Geothermal FossilEt~l Geothermal 

Savings 

Cost per MBTU $2.67 at $7.46 at 

Cattle feed mill rquirpent  

PahoaInd. Punasugar $4.79 
Park 

32 MBTu/hr.; 2.304 x 10 MBn;l/yr. $ 615,168 $1,718,784 $1,103,616 

Tr- tion Difference- 
Industrial Punasugar Additional 

Park Mill 1nd.Pk.Expense 

Cattle feed mill requirement 
600 TPD x 300 days x $6.00 $ 655,200 

Construction 

($ 655,200) 

Assume: A Construction semium of $30,000 is added to plant construction at 

the park. This premium reflects additional transportation and 

infrastructure axts for the plant being 16 miles from the Puna war Mill. 

Industrial Punasugar 
Park M i l l  Difference 

Differential Construction Qst 
for 240 tans per day cattle 
feed mill 
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TABIS, 4.4 (Continued) 

SUMMARY 
'6, 

Energy 

Transportation 

Construction 

Net Savings/(Expense) 

$ 1,103,616 

( 655,200) 

( 30,000) 

$ 418,416 
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B m  ANALYSIS 

Assume: 240 tons per day of feed cubes 

*!tbtal investment 

Interest during oonstruction (12%) 

mtdl Capital Cost 

PJrrortization (3Oyrs. @ 15%) 

*Annual variable costs 

Breakeven revenue required 

Breakeven sell- price of feed cubes 
(based cn 240 tons per day, 
300 days/year = 72,000 tons/year) 

Conclusion 

Raw product availability: 

Market availability: 

Econanic viability: 

* preliminary estimate 

$ 4,830,000 

579,600 

$ 5,409,600 

823,882 

$ 8,000,000 

$ a,823,aa2 

$122 55/ton 

Ass- available 

Potential in Japan 

Marginal 
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PAPWA P-SING P W  ANALYSIS 

Introduction 

me center of the papaya industry resides in the Puna District of 

the Island of Hawaii, site of the poposed Pahoa Industrial-Park. The 

district maintains between 75-808 of the State's productive capacity. 

This analysis was made to determine the emnanic viability of locating 

a papaya industry at W industrial park which will pmes fresh ppayas 

and utilize the geothermal resoukces for pxxessing the culled ppaya 

(those left in the field) . It is estimated that agproximately 40% of the 

papayas are currently being left in the field. 

Availability of Resources 

Jgpmxhtely 2900 acres of land on the island of Hawaii are under 

papaya cultivation. This represents a production capability of over 80 

million pounds. %he S I z b  of Hawaii has approximately 1,080 acres of addi- 

tional land in * Puna District mailable for lease that are suitable for 

papaya cultivation. This alone represents amther ptential 30 million 

pounds of ppaya. Additional land a x l d  be &tained through negotiations 

w i t h  v a r i b u s ~ ~ o m e r s  w i t h  m e  h ~ ~ i n g s  in R ~ M .   he allowing table 

shklrws the tDtdl number of acreage held by the five major CQnPanies 

available for prcduction an the Island of Hawaii. 

D i a m n d  Head 
Del Monte 

*Frau Papaya Mministrative Oaranittee, projections are based 01 an 8-10% 
annual growth. 
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Marketing Potential 

The market potential of three papaya products, fresh papaya, papaya L, 
puree and dried ppaya ere analyzed. The major growth potential vas seen 

i n  the Mainland U.S. market. 

The pimary demand e d s  for fresh, processed an3 dried f r u i t ,  as w e l l  

as their existing and potent ia l  mkets are illustrated in Table 4.6. 

Note the per capita aonsumption of mncitrus fresh f r u i t  and processed 

f r u i t s  in the U.S. has been increasing since 1975: 

TABLE 4.6 

Y e a r  

1960 

1970 

1973 

1975 

1976 

1977 

1978 

1979 

- 

per Capitrt 
Emnds of 
Fresh 

N o n c i t r u s  

57.5 

51.2 

47.3 

52.6 

55.2 

54.4 

55.3 

56.2 

per Capita 
Pwnds of 

canned & m e n  
Fruit  Juices 

24.2 

29.1 

32.4 

34.5 

34.6 

33.2 

34.9 

35.7 

per Capita 
PMlndS of 

Dried Fruit  

3.1 

2.7 

2.6 

3.0 

2. 6 

2.5 

2.0 

2.3 

me significant mrketirUg oonsideration is the ww oonsciousness of 

nutrition. Payaya is ooslsidered an exceptionally healthful focd. Seven 

ounces of ppaya oontain 3,500 units of Vitamin A, 112 ng. of Vitamin C, 

468 mg. of potassium 

tion is cbtahed with less than 80 calories. 

a significant amount of calcium. A l l  this nutri- 

! 

The ppaya irdustry in 1978 had its peak year with pmduction over 

83 million pounds. The breakdown is as %lluws: 
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apprrximately 5% unusable 

54 million sold as fresh 

9 million used in proc 

15 million were l e f t  in the f ie lds  

W 
* 

The Papaya Mministrative Cornni t tee  projects the pmduction and 

marketing pices of fresh papaya (that sold at the fresh produce section of 

a supermarket) 2 s  follows: 

mtal 
mesh Production Farm Price 
( i n  rnillions of (--/Puna - Year pounds 1 

1978 54.6 14.4 

1979 35.0* 27.0 

1980 57.0 17.5 

1981 65.0 19.0 

1982 70.0 21.0 

1983 75.0 23.0 

1984 80.0 25.0 

*Setback in 1979 due to extreme m r a t u r e  variations which &ced 

disease . 
Assumptions: Develop an integrated pl 

cessitag and dry prooessing. 

Fresh papaya sold to 
wholesaler ar large 
retailer . 
PLree sold to food $0.28 lb. EOB ination 

(%is study assumes West Ooast) 

snacks $4.00/lb. in bulk 
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BRElAKcvEIN ANAI-IYSIS 

Fresh Production: 13,000,000 lbs./yr. 

Fixed assets 

Building 

mipnent: 

Other 

Total fixed assets 

Interest  during amstruction (12%) 

Amrtization (30 yrs. @ Is%) 

Variable Cbst 

Breakeven revenue required 

$ 800,000 

1,900,000 

100,000 

$2,800,000 

336,000 

Breakeven selling p5ce required &r a 15% KlI 

Puree Prcduction: 5,000,000 lbs./yr. 

Fixed assets 

Building 

Esuipnent 
Other 

Total fixed assets 

Interest  during mnstruction (12%) 

Amortization (30 yrs. @ 15%) 

Variable Oost 

Breakeven revenue required 

Breakeven selling price required 

$ 400,000 

1,100,000 

$3,136,000 

477 600 

4,157,000 

$4,634,600 

$0. 36/lb. 

75,000 

$1,575,000 

189,000 

$1,764,000 

268,657 

1,106,000 

$1,374,657 
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i 

Dried Production: 8808000 Us. 

W Fixed assets 

Building 

. Equipnent 

Other 

mtal 

Interest during construction (12%) 

Amrtization (30 yrs. @ 15%) 

Variable Cbst 

Breakeven revenue required 

Breakeven selling Wice required 

Energy Cost Analysis: 

Furee plant requirements: 

msh plant requirements: 

Dehydration plant xequirements: 

-tFIBTu 
Puree: 1,250MEm. 

Fresh: 2,000 MBTU 

Dehydrated: 38520 MBTu 

’ $28800,000 

241 8 200 

$2,9688000 

342,858 

18013,000 

$1,355,858 

$1.54/lb . 
1,250 MBTu/yr. 

Geothermal F o s s i l  GeothennalSavhgs 

$2 . 67 $ 7.46 $ 4.79 

$3,337 $ 91325 $ 58988 

$5,340 $14,920 $ 9,580 

$ 9,398 $268259 $16 8861 

The papaya industry has ample man for growth, bwever, dditional 

research is required to identify the various market demands an the Mainland 

U.S. for both the fresh ard plree. 
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Conclusion 

Avai labi l i ty  of resources: 

Market potent ia l :  

Econmic v iab i l i t y :  

Assured 

M 

Campetit ive 
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This industry wxld focus on recovering the leaf-protein amcentrate 

(Lpc) fran leaves of the Hawaiian type leucaena using geothemal heat as a 

primary energy source. ?he process to be used, known as proIxan, has been 

successfully used for tm years in an alfalfa plant in  cblorado. 

Description of the Pr0-m Process 

The pro-xan process starts w i t h  fresh green leaf (green-chop) being 

fed into a machine which grinds ~ 1 c  macerates it. Next, the ground green . 

leaf material is pressed to separate a proteifi-rich green juice fran par- 

t i a l ly  dewatered presscake. The pro-xan is extracted fran this green 

juice by subsequent ~pocessing steps. lb reduce the fiber amtent of 

Pro-xan a defibering screen removes fibers s 

me green juice is then heated by t ste 

in the green juice. 

ection from 80° to 95OC 

to precipitate mst of the p t e i n .  

The hea ted pmtein foms stinct curds &ich are separated 

f m  the green leaf solubles by ion, .then granulated a extruded 
' ,  

and dried in a bt-air drying system. The result- 

pro-xan OT leaf protein concentrate. Other pmducts frcan the process are 

uct  is called 

the presscake frac containing mst of the fiber, and the green leaf 

solubles . 
Model 40-ton Fer 

t of &riculture-,Weste 
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chopped alfalfa. 

i n  a l l  respects. 

based on a Pro-Xan yield of 15%. 

A plant designed to use choppd leucaena wuld be similar 

'Ihe following data are frm the plblication, and are 
hs: 

Material Balance 

Item pounds Per Hour - 
sv=n- input 80 000 

green juice 121,600 

wet  pss& 35,200 

heating steam used 8,433 

wet  prp-xan cake 6,600 

dilute alfalfa solubles to evapralmr 46,633 

concentrated alfalfa solubles 5,812 

alfaLfa solubles (dry basis) 2,992 

water evaporated fran d i lu t e  solubles 40,821 

presscake dryer input 41,012 

water evaporated fran presscake in dryer 24,012 

water evaporated fran presscake in grinder 739 

water evaporated froan Pm-Xan 3 667 

Pro-Xan (10% water) 2,933 

Dehy psscake (8% water) 16,261 

Energy Requ irements 

Utilities required by the processirg plant include electricity, natural 

gas, and water. An -rating electrical load of 80% of total COMected 

horsepower was assumed except for power required to run the green-chop 

grinder and the screw presses. %e energy requirement for the grinder was 

LV 
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assumed to be 7.46 kilowatt hours per ton of green-chop and 5.97 kilowatt 

hours per ton of the double pressing operation. Electric mtor efficiency 

was assumed to be 88%. T b t a l  electricity oonsumption for 

while -rating for a 130 day season was e s t b t e d  to be 5,857,280 kwh 

whether recovering 12, 15, ar 18% Pro-xan. 

L, 
el plant 

Natu ra l  gas was regarded as the fuel source for the boiler, presscake 

dryer and the Pro-Xm dryer. Aigh temperature row dryers with an 

exhaust recycling system were used to dry the pesscake in the pro-xan 

products. Theexhaust recycle system i n  the presscake dryer is capable 

of recycling 50 to 75% of the mmal exhaust gases. Such recycling raises 

the et bulb temperature of the final 'dryer exhaust gases to approximately 

180OF. 

heat vacuum evaporator. For each pound of water evaporated from the 

presscake by the pesscake e r ,  1.7 pounds of water are 'evaporated 

These exhaust gases pmvfde the p?imary heat source for the waste 

The energy requirement for 

added was assumed to be 

rgyaonstrmptionby the , 

water evaprated. 

ng and for the ~ c u u m  

%e boiler, q u i @  

Pro-xan was 156,776,380 cubic feet. An alfalfa  dehydration plant of the 

same capacity ting fran the same number of burs p r y  

SLUE about 277,820,100 cub feet  of gas annually 

plant yielding 15% 

tion of CfrOFped alfalfa. 

gas &uction wuld be 
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Although the WEC d e l  plant was based on a 130-day season, which is L, 
typical of the mid-western United States, the Hawaiian plant wuld operate 

year murid, pr0vidi.q considerably improved ecorronics. As an example of 

this, WRRC ccmplted that the annual rate of return ar investment cculd be 

mre than doubled if the season 

days . 
uucaena ~eedstock Description 

muld be inrreased frcm 130 days to 230 

kucaena plants can be M y  classified into three types. 

Hawaiian Type: Short, bushy varieties growing up to 15 f ee t  in height that 

flower. when very p x q .  %is type flawers year murid rather than 

seasonally. Gcanpared w i t h  the two types mentioned belaw, its yield of wod 

and Soliage is law. 

The Salvador Type: W, -like plants graWing up to 65 feet in k i g h t  

with 

froan 

. been 

than 

large leaves, poa~, seeds md thick, brairchless trunks. originating 

the inland Sarests of @ntral merica, varieties of th i s  type have 

studied m l y  in  the last decade. Ihis -iety often produces mre 

twice the biomass of the Hawaiian type. Same extremely high-yieldirrg 

Salvador type pmtavars are m w  being planted as sou~ces of timber, wod 

products, and inaustrial fuel. Ihey are laown as Tiawaiian giants" or by 

the designations K-8, K-28, or K-67. 

Ihe Peru Type: Ta l l  plants growing up to 45 feet, similar to Salvador 

type, but w i t h  extensive branching even low down an the tnmk. %ey have a 

small trunk but extremely high -tities of foliage m their branches. 

Although these are highly productive forage varieties, they have only 
Ld 
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recentl n discovered ir use outside Mstralia, Hawaii and Wico 

awaits testing. k) 

%e annual yield of tter is between 1Otonsperacre .  A 

Fran the bst small proportion of this is usually inedible mody 

foliage varieties cn good sites, annual yields of edible dry matter 

(leaves and fine stems) are 6 to 10 tons per acre. I r r i g a G n  can increase 

this to higher level 

to 4,300 pounds per acre of p t e i n .  

This- is'equivalent to the productibn of 800 

Ihe leaf contains both nutrients and mughage essential lbr a cmplete 

runinant feed 'imparable IS alfalfa *&e. kucaena leaflets can madily 

be separated fmxl the leaf stems pmviding a high-ptein feed oontaining 

27 to 34% protein. Because of the high pmtein content, leaflets are being 

s-ied in W, W a n d ,  and the Philimines for local use and exported 

to Japan and Singapore. 

kucaena's protein is of high nutritional quality. &dm acids are 

present in &+danced pmportions, similir IS alfalfa. bucaena can 

also be a rich 6ource of carotene and vitamins. 

kucaena is not gmm in the Puna district at this time. mever, 

there is a~prpximately 2,000 acres of marginal sugar cane land that Qxild 

be used. An edditimal 3,000 acres W d  be available elsewhere on the Big 

&land of tlawaii. 

- *  fn subsequent tests of samples of thwaiian leucaena at the FzRI=c 
Laboratiory, a serious gum mlem was m r e d  which eliminated further 
consideration of this process. 

V 
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Lid Lack of phosphate in the Puna district may be a limiting factor fjor 

plant growth. Correction of this deficiency may involve a major capital 

investment. 

irrigation, land dewlopent has been est&ted tm cost $600.00/acre. 

Market Potential 

For this reason as wll as the possible rreed for drip 

~ Protein fran green leaves is marketable for animal feed and human 

consumption. The green liquid protein ooncentrate is sold pAmrUy for 

animal feed at a cost of $600.00/ton. Further processing muces a white 

product that i s  currently -iced at $l,SOO.OO/tmn. 'ihe presscake by- 

product selling price is $188.00/ton. 
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Assunre: 35 tpd of protein concentrate -rating 

hours per day. 

Capital Costs 

Land developent for drip irrigation @ 
600.00/acre for 5,000 acres $ 3,000,000 

Extraction plant 5.0 5,000,000 

Totdl investment 5 8,000,000 

Interest during construction @ 12% 960,000 
Totdl Capital Cost $ 9,000,000 

Mnrtization of Capital Cost 

15% @ 25 years 
mtal 

Annual Variable  Costs 

$ 1,500,000 
10,500,000 

Variable  cost of 

Feedstock costs @ 

Subtotal  6,700,000 

15% Contingency 1,005,000 

mtal Annual miable oosts 7,705,000 

Breakeven revenue required $ 18,20S,OOO/~ar 

mtal Annual Production @ 8.8 tons/hr. = 64,240 tons 
i 

CQnposite Weakeven Fice per b n  = $291.18 

I 
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Breakeven Current 
8.8 tons/hr. Product Selling Price/ton Market Price/ton 

.8 tons/hr. green LEC 7 $ 600.00 

.4 tons/hr. whets Lpc - 1,500 00 

7.6 tons/hr. presscake - 188 . 00 
Capsite 285 . 67 285 . 11 

Current Market Value/8.8 tons, prcd uct  

Green Lpc (0.8 tons) 

W h i t e  Lpc (0.4 tons) 

Presscake - 7.6 tans 

mtal 

@ 600.00 = $ 480.00 

@ 1,500.00 = 600 00 

@ 188.00 1,429 00 

$2,509 00 

Value/ton = 2,509 8.8 = 285.11 

Availability of &source: muitable 

Market potential.: Good 

cconanic Viability: Unsatisfactory 
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Availability of Raw Material 

The Kona Coffee Industry produced about 1.8 million pollnds af parchment 

coffee in  the 79-80 groWing season. plis is up 7% over the wevious year 

despite a 5% decrease in harvested acreage. Several of the past years’ 

production and Fpr i ce  statistics are as follows: 
9 

Number of coffee farms, acres in aoffee, acres hawested, yield, 
production, price, and value, 1973-80 . 

Y e a r  

1973-74 . . 
1974-75 . . 
1975-76 . . 
1976-77 . . 
1977-78 . . 
1978-79 . * 
1979-80 . . 

Number -Acres-- + - 1,000 pouI.ids - -cents- dollars - 
770 3,040 56.3 1,711 

780 2,400 2,000 1,860 75.2 1,399 
780 2,400 2,000 2,120 185 . 0 3,922 

750 1,900 1,680 126.0 2,117 
700 145.0 2,610 

760 1 540 46.4 714 

780 2,400 2,000 2 , 270 138.0 3 ,u3 

Source: Hawaii Department of pqriculture and u.S. Dep&ment of pqricultme; 

s not lend itself to 

In general, soluble aoffee is processed into regular powdered 6om or 

freeze dried forms. Regardless of thepucess, it .takes a p p r o x ~ t e l y  2.5 

Ibs. of roasted green coffee to make 1 lb. of soluble coffee w i t h  3%. 

moisture. A typical process includes roasting, grinding, percolating, 
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drying and pckging. The spent coffee nust be either dewatered and 

pressed for disposal or dewatered, pressed ard subsequently burned in the 

boiler for heat recovery. 

As mentioned above, for every pound of ooffee solubles, there are 1.5 

lbs. of dzy spent coffee grounds. The spent coffee grwnds, after 

accoUnting for associated misture have about 7500 B?u of heat value per 

pound. If fuel oil oosts $30 per bl (equate to 71p/gal. or 8.9p/lb.,) and 

provides 18,000 BTU heat per pmd of oil, then the fuel oost associated 

w i t h  every pound of soluble coffee is about 5.6F. mus fior a typical 

3,000,000 lbs. per year plant, a saving of $168,000 per year in fuel oil 

cost can be realized using spent coffee grrwnds as fuel. 

%e 3600 Ibs./hr. of steam can be used as 6oll-: US0 lbs./hr. 6or 

heating percolation feed mter, 400 lbs./hr. to dry spent coffee grounds, 

5O’lbs./hr. for the vacuum ejector, 1800 lbs./hr. for heating spray dryer 

air aril 200 Ibs./hr. 5or pre-heating biler-feed water. -vert there is 

still a need fior roasting of the green coffee. Typically, the masting 

termperatme is w x i m a t e l y  540°F which is art of the reach of geothermal 

heat supply. corrventiondl gas cx oil must be used to generate the heat. 

Tboretically,  it requires 900 BTU to reduce the misture aontent i n  

green coffee fran 52% to 12% ready for shipping. Ass- 50% efficiency, 

it will take 1800 BTU per lb. of green coffee to dry. The drying tem- 

perature i s  typically 14OoF which is ideally suited for geothermal 

application . 
Assuming that ooffee production m the Island of Hawaii is 1.8 M Ibs. 

per year, the heat requirement for drying coffee is 3,240 METU/yr. 
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Market Potential 

U l4hnost a l l  of the aof 'farmers belong either the Kona Cbffee 

(66%) or the Pacific Ooff cbop (33%). The Super Cbffee Canpany has 

contracts with both coops and buys the coffee for 20 cents/lb. mer the 

Coluanbia Index cn the wxld market. ?his year's crop was selling at $2.30 - 
.40 per pound for tCrp grade green bean. Eighty percent of the total 

ii hawest is Within this grade. The mild grade of bean receives $1.8O/lb. 

The Kana Coffee Oo-ap believes that with certain changes a price of 

$3.5O/lb. could he cbtained due to the high quality and limited supply of 

the Kom.bean. It interesting to note that sane of the m x e  exotic 

coffees, p m d d  in oountries where labor and paduction aosg are rnuch 

lower, receive aver $4,OO/lb. in the green bean stage. - 
A local expert feels that the nature of the coffee crop and the oosts 

of production here in the U.S. are such that l i t t le  can be done to signifi- 

cantly alter the decline of the number of cperatirrg farms and harvested 

acreage . 
Feasibility Slnrmrary 

In scrmmary, the following amditions and trends exist: 

1. Ihe trend of %ma coffee production along with the number uf farms and 

acreage under production is generally dawnward. 

2. Superior Coffee seems to have a s 

channels and already maintains a aoffee processing plant in Hawaii. 

30 Except perhaps in drying the green aoffee, m particular dvantage 

exists when using geothermal direct heat in the production process. 

I 

b l d  cn the suply and market 
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4. The quantity of green coffee produced each year in Hawaii is mt 

quite sufficient to feed a plant of efficient size, (one able to 

process Wmxhte ly  3,000,000 pounds of green coffee p r  year). 

Although the Kona cbffee CB=op mnager has valid marketing strategies 

for his KOM ooffee pmducers, it w i l l  take a significant attitude charge 

by farmers to want to expand production and look for m e  efficient pmduc- 

tion methods. Brhaps in future years, after the coffee pmducers gain 

greater am-1 of their clhannels an3 can realize greater p f i t s ,  existiq 

and new farmers w i l l  be stimulated to 

business-like manner. A t  this the, hawever, oonditions are mt 

appropriate to consider a coffee m i n g  plant in the Pahoa Industrial 

Park. 

production and marlet in a 
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BREAKEVCN ANALYSIS 

Plant Capacity: 720,000 lbs./yr. 

Annual Inplt: . 1,800,000 lbs* /~ .  

mtdl Assets: $4,000,000 

Interest during truction (12%) $ 480,000 

Totdl Initial S m t t  $41480,000 

Capital Recovery (30 yrs. @ 15%): $ 6821304 

variable cost of production: $4 1600 1000 

Breakeven ~RIILE required: $51282,304 I 

Breakeven selling price: $ 7.33 

ANALYSIS 

Bating 

Cost 

Cost- 

- 

3,240 MBTu/yr. $8,650 

Conclusion 

ability of €em.rces: duwnward trend 

Marketing Potential: 

w c  viability: 

U 
4-35 



LUMBER KIIN ANALYSIS 

Raw Material Availability 

?he volume of stanaing timber in Hawaii can sustain a sanewhat m e r  

cut than is being made. A t  wesent, the Island of Hawaii has 761 million 
I 

board feet of timber, eleven inches or larger, suitable for aomnaercial use. 

Ihis volume i s  distributed fairly evenly on Sta te  lands and private lands. 

Ihe availability of additional native ohia and koa is less certain. =re 

is very little lux in accessible stards, either plblic or private. The 

existing stands are estimated to last ten years at wesent rates of logging. 

%e limited supply of ka can be attributed to three factors: 

1. !QE location of reaverable koa timber on agriculturally zoned 

land. 

2. aZe lcrw yield of lux due to its slow rate of growth (aw dia. 

per year). 

3. Etmer lux forest land is amverted to g r a z i q  land after harvest 

w i t h  no reforestation pogram. A t  present, forestation programs 

are not be- sustained at levels necessary to significantly 

improve the timber resource base. 

Market potential 

Market developnent is critically dependent on product quality and the 

product characteristics in terms of usefulness for the pnrpose at hand. 

Ihe gnaU local sawmills have experienced amsiderable difficulty in  main= 

taining product quality. Negative market responses have occurred as a 

result of inadequate seasoning, improper or lack of grading, uneven cut- 

of boards and milled sbck, lack of c u l l i q  of defective materials and 

other pmcessing faults. 
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Koa is w e l l  knrxJn and used fbr a variety of plrposes, such as furniture 
W 

production and decorative p ie l ing .  bca l ly ,  the mod is ell knuwn fbr 

its good quality and is ered qui te  exotic. . ’ 

Sales distribution of Hawaii koa lumber is as follows: 

U.S. Mainland I 65% 

State of Hawaii 20% 

Jam 15% 

It usually takes about 5 years for kna to becane acceptable to =inland 

standards for furniture mkhg where it is m s e n t l y  sold as black walnut. 

This is because many of the wod or furniture manufacturers have limited 

knowledge of h which generates apprehension in mrkirrg w i t h  new wwds. 

Manufacturers tend to cnly introduce new gmducts durirq times of surplus. 

*re has been 110 mj tment by the dealers in support of 

have offered minor incentives for exploitation in acmpetition w i t h  or rela- 

tive to hports. Importea softmod and hardmod products have long held 

established positions in  the local markets for which local products might 
\ 

ccmpe-. mtil recently, m major 0arPni-t had been mde to develop and 

export market. 

Systems, Inc. were oontacted for a 

detailed analysis capital cost 

reduce the misture 

down to 8%. 

LJ 
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The 

1. 

2. 

3. 

4. 

5. 

following sununarizes information on a typical kiln: 

Ebur to five days are required to dry 4 x 4 koa €ran 35% to 8%, 

and 9 to 12 days to dry 4 x 8 koa.fmn 35% to 8%. It is pssible 

csi 

to achieve the lower limits if the kiln has gmd air flow. 

A single canpartment b ld ing  30,000 board feet  of lunker should be 

adequate, ass- hdlf of the lumber dried is 4 x 8. 

!bore International -s a track kiln. lhis is to load the 

kiln charge on rai ls  ard mll it into the ocmpartment. Ihe rrain 

advantage of this design is that it -ides exbellent air f l a ~  

patterns. W 30pOOO --foot kiln W d -  U be w i m a -  

tely 34' X 32' wide d roughly 20' high w i t h  3 tracks. Each 

track supports a l i ne  of 4-foot pnckages of lmber, 

~axinann dry b ~ l b  tenprature is 200%. mimum stem use- is about 

1800 pmnds per bur. This  is @valent to about 2 MBlU/hr. 

The estimated capital ast can be slamrarized as follows: 

CQnplete Kiln F.O.B. EDrtland $ 80,000 

Freight to Hilo 

Si te  Prep and -tion 

mtal 

10,000 

ll0,ooo 

$200,000 

Transpartation Costs 

%e estimated tramportation Wt to Le irdustr ia l  w k  a t  Pahoa h 

Hi10 is as follrlws: 

A typical 40-foot trailer can transport 10,000 board feet 

3 hours for  delivering the green 1-r to palma 

3 hours e delivering the dried ltnnber to  lo 

6 hours totdl @ $40/hr.: $24/1,000 board-feet. 
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BREAKEVEN ANALYSIS LJ 
Assume: 1.5 Million board feet output annually. 

5btalAssets: $500,000 I "  

Interest (1 yr. @ 12% for half of btal assets) 308000 

mtal Initial frmesbnent $530,000 

hnrtization (E%, 10 years) $100,000 I 

Variable Oosts: 75,000 

Trahsportation Costs: 36,000 

Breakeven &venue required $ u 8 0 0 0  
to attain-a 15% -1) 

. . $ .141per 4. ft. 
I > .  

selling Price ired 

(based upon Honolulu prices) 
Average wke per board foot 

mergy for he& 
(bases upon fnt'l K i l n  

(based upon 'qerators at - 
1-89 and uther expenses 
at 1.0F perboard foot) 

Transportation 

w 
4-39 



Amortization of the initial investment a t  
15% (including a 15% return- on equity) : 

Y e a r s  

20 $ 80,000 

15 86,000 

10 100,000 

Since there is sane doubt uhether enough koa timber exists tro -1y 

Cam@ell-Burns for mre than ten years, annual fixed cost is ass& tro be 

$100,000. The kiln w i l l  have little d u e  after that lo-year period. 

= sloO,OOO = 9,090,910 qpproxhte  number of hoard 
fee t  needed to attain a 15% RE .085 - .074 

m r  9 million board-feet of pmcessiq wuld be required if an irde- 

- 

pendent business expected to a t ta in  a 15% KlI on the Jdln aperation. lh is 

is m x e  than Cbmpkll-Burns can ever expect to m i l l  in me year. 

&refore, c o n s i d e d  an unprofitable venture as a s-le enterprise. 

It is, 

Stimulation of sustained aorranercial timber pmduction in Hawaii  w i l l  

require two conditions: 

to pay pices for timber that w i l l  make it a profitable enterprise for the 

landowners and (2) Denaxstration by landowners that an adquate supply of 

good quality timber can and w i l l  be grawn an a sustained basis. 

(1) Denaxstration of willingness by the industry 

Although tr-rtzttion close and other di f f icu l t ies  wuld eliminate 

the possibility of locating a kiln in Pahoa, Cam~bel l -Burns may consider 

locating such an -ration at the present m i l l  site. Further evaluation 

may determine *ether such an investment w i l l  increase the mrket value of 

the pmduct above the &t of drying. This strategy oould also present 

potential transportation cost savings for the statewide market. 
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Conclusion 

Availability of resources: Deficient 
er 

Marketing potential: *-a. 

Eooncanic viability: tive 



CEMENT FIALlBoARD PLANT ANALYSIS 

Introduction 

The cement wallbaard idustry selected for analysis is hewn as Bison 

Board which consist of two basic building materials: mod and ament. 

'Ihe resultant paduct  is a board that is both lightweight and sturdy. The 

product was f i r s t  introduced in Gemany and Switzerland where it w SUD 

cessfully used in construction. Ixle b its success in the m a n  market, 

consideration was given b building a €iawaii based plant to meet current 

and future demards for construction materials. 

Bison-Werkes Systems, a oerman-based finn, has manufactured cement 

wallboards for a number of years. Negotiations are underway to locate a 

manufacturing plant in the U.S., Wver, such a VMtLtre requires extensive 

analysis of marketing and oonstruction trends as well as transportation 

cost. Wanqortation was o ~ l e  of the major reasons for shutting down the 

only manufacturing plant located in A t l a - ,  W q i a .  The plant gresently 

markets the machinery and equipnent required for manufacturing the pmduct 

but does mt actually produce the wallboard. 

Information was obtained from BisOn-Werkes System b debmine the v 

IylIiic viability of locating a g e o t h e d  cement wallboazd manufacturiq 

plant at the irdustrial prk.  

A 50 m2 (1000 sheets 4'  x 8' , 5/8n/day) plant was conceived for the 

park. The requiremen- are as follows: 
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Raw Materials u 
Cement (portland-typ cement): 730 kg per a b  meter'(U,500 mt/yr) 

Current price: $88/ton 

W: 270 kg -/In3 (4,200 m t / Y r )  
current price: $30/ton 

Chdcals: -1,500 kg/aay 

currentwice: 10% of cement 

Space and Building r(lequ irements 

Site: 25,000 square meters  

Buildings: prod area - 2000 rn2 per 8 m high 

storage area - 1500 m2 per 5 m high 

chipper man - 100 m2 

bfier - 150 m2 I 

: 25okwh/m3 (3,500 'Ws.1 
Heat omsumption: 400,000 W / m 3  (6.5 bi l l ion Kcal/yr.) 

water cmsmpti on: 2,000 l b 3  (27,000,000 liters/yr.) 

cement: (IIoraolulu - Rahoa) $237,884 

wa3d (various local sugar Illills) 25,494 

chemicals (Hmolulu - Rahoa) 12,454 

ment boards (Pahoa - Honolulu) $138,888 

$414,720 

* Fkod chips or bagasse 

93 
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Availability of Resources 

A cement wallboard plant requires qeveral raw materials: klood chips, 

limestone, gypsum ard silicon sand. 

than both lblokai and oahu, lacks limestone deposits hich is the main 

ingredient (80%)  found in ceinent. Therefore, a l l  the cement wuld have to 

The island of Hawaii being younger 

be insprtea frcan Hcmlulu due b the lack of a cement plant m the Island 

of mwaii. m v e r ,  the Island has an abundance of wood chips and bagasse 

w i t h  over 569,000 acres of ommercial arest land and over 583,000 acres of 

mn-cmmrcial forest land. Ihe various sugar mills cunbined have an 

annual output of bagasse in excess of hundreds of tbusands of m. 

Marketing Potential 

A t  the -sent the, there is m direct rtlarkethq b f o m a t h n  m cement 

wallboards because it is relatively unknown tD the local construction 

industry. However, if intrcduced, it is expected to directly ainpete w i t h  

plymod vihilch has an agproxkte  current demand of approxixnately 560,000 

sheets (4  fto x 8 ft.).  
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BREAKEVEN ANALYSIS 

mtput: 1,000 sheets (4'x 8', 5/8") 50 m3/daY 

$10,500,000 flotdl Assets 

Interest during construction (12%) 1,260,000 

mtal capital clost $U ,760,000 

ization (25 WS. @ 15%) 

Annual Variable Cost: 

Operating & MainteMnce 3,600 8000 

Transportation 415,175 

Breakeven &venue w i r e d  $5,834,447 

Breakeven selling Wice (based ~1 
a 300 days/yea~=~ operation) 

' tfawaii selling price of plymod $18/&eet or $OD58/ft. 2 .  

Differential Cost mysis 

Heat Fequirement: 6.5 bil l ion K c a l / y r .  
I 
1 Geothemal F o s s i l  Fuel Geo=Savings 
1 

- w w  $2.67 $7.46 ,$4 79 

6.5 b i l l ion  Kcal/yr. $68,860 $192 8 393 $123,533 

I 

SUKXIEKY Of Sav~S/loSS for locating at Pahoa VS. E4onolulu: 

Ene?qy: $123,533 

Tramportation: ($415,175) 

Net Savings (Expense) ($291,642) 
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w sunrmary 
me ecomnic analysis indicates that the cost of tr- ' both the 

raw materials and the finished product between Pahoa and the market in 

Hor101ulu makes this pmcess impractical for the industrial park at  Pahoa. 

Currently, the following trends and aorditions exist: 

1. 

2. 

A l l  the cement and chemicals are shippea franoahu. 

Most of the finished pmduct will have to be shipped back to oahu. 

3. %ere is rn large m&et on the Island of Hawaii. 

4. ?heproductisvirtudu y larknaJn in Hawaii. 

Oonclusion 

AMilability of &soma?: 

Marketing Potentidl: 

Ikomnic Viability: No4k-ocmpetitive 

Witions are -iate fior locating a cement plant in 

the industrial perk. 
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AQUACULTURE P R o m I a J  ANACYSIS 
W 

Introduction 

Ipcal leading experts 'hi- the field-of qmculture cn M u  were ' 

contacted, including m, Inc., Nui Nui Farm, and Astro Farms. 

Both tilapia and prawn (M. Rxenbergii) pmduction were &en as 

leading candidates for analysis because of current experiFces of local 

firms. V i t a l  infomation such as: 

- yield per acre 

and critical tepnpe es 

- enVjx0nmenta.l hazards 

- gruwth patterns 

- pruduction cost 

marketing infomation and 

others 

were cbtained to determine the viability of locating .an 

the inaustrial prk.  'Ihe analysis included an evaluation of: 

' 
t u ra l  farm at 

- soil oorditions at the 

- construction oost 

' -ecommic analysis 

- marketing potential 

Soil" Condition 

'Ihe soil at the 

appmxunately a 
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6J Since the soil is too shallow to allow canplete excavation of the 

ponds and excavation of the bedrock is extremely expensive, the berms wuld 

have t0.k bui l t  up froan the surface of the soil to pmvide the required 

depth. It was ass- that sogne a'a lava material muld be available 

elsewhere on the park gmunds fior the berm aonstruction. 

Construction Cost 

A cmplex m i s t i n g  of twenty half-acre ponds in a rectangular array, 

separated by 18 foot wide shoulders and capable of bearing vehicular 

traffic is emined . Each pond muld measure five feet in depth with the 

water level at 4 feet. Infomation cbtained fran the local Marine pdvisory 

Program suggests using a water flow between 15-25 gpn per acre. 

The following 00s- were estimated fjor the lo-acre w - f a n n t  

GeotheKmal Existirrg 
(Hawaii) ( m u )  

$ 48,200 $ 10,000 Clearing and grubbing 

pond excavation 250,000 50,000 

Shoulder amstmction 165,000 20,000 

Importation of shoulder material 158 , 750 -0- 

*pond lining materials 433,000 4- 

Fencing 30,600 30,600 

mtal $1,085,550 $ U O  ,600 

The oonstruction oost per acre is $108,585, much lower than the esti- 

mated aost of mnstructing cunparable tanks as slmwn below: 

* Due to the high permeability of the soil, it is assured that lining is 

required. 

u 
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Concrete Tanks (8  tanks, 55' x 100' , water depth 3 feet) 

Clearing and grubbing $ 5,650 

Tanks 121 ,080 
Faadfill/foundation material 41 , 850 

concrete $61 ,890 
Reinforcing rods 47 , 560 
Hollow tile 3,730 
Labor 7,900 

Fence 10 , 420 

1 4  
$179 ,000 

I 

hboy Tanks'(l30 tanks, 24' diameter, water depth 3 feet) 
i 

Clearing iird grubbing $ 11,030 
Pmdf ill/fomdation material 81,680 
Tanks 94 760 

Materials $ 85,860 
Labormdtransport 8 ,900 

Fence 14 ,560 

Corrugated Galvanized Metal Tanks (48 tanks, 40' diameter, 
water 3 feet 

Clearing and grubbing 
Rxdfill/fomdation mterial 

L 

idlS $159,750 
and transport 7,000 

13 ,620 FenCe 

$260,730 



BREAKEVEN ANALYSIS 

Species: Freshwater prawns (Macrobrachimi Rxenbergii) 

Yield: 0-4000 lbs ./acre/yr . 
Optimum Temperature: 77OF 

20 half-acre ponds F a c i l i t y  

Annudl yield @ optimum a d i t i o n  

Construction 

40,000 Ibs. 

$1,186,000 

120 ,000 

%tal capital cust 
Interest (1 yr. @ 12% - l/2 TA) 

notdl Investment 

1,306,000 
78 360 

$1,384 ,360 

PJIlortization (30 yrs. 15%) 20,838 

Variable  Qst: 

200,000 
Ut300 
45,000 

$ 244,300 

Annual Rwenue required to attain 15% RX 477 ,l38 

Breakeven selling Ipice $ U.92/lb. 

$ 4.50/lb. Current selling price 

Breakeven selling price asslanirrg rn 
charge 5ot- energy $ 6,92/lb. 
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BREAKEVEN ANALYSIS 

F a c i l i t y  20 half-acre pds 

AMual yield @ o p t h  oonditions 200,000 Ibs. 

Construction $1,186 100 

mtal capital aost 11306,000 
Interest during 156 ,720 

$1 8 462 ,720 mtal Investment 

Variable Cost: 

1 

Breakeven revenue required 

Breakeven selling price 

Current Fice 

Breakeven selling Wice required w i t h  T ~ D  
charge for aergy 

is indicate a high differential Fice 

which is above and beyond what the nrarket w i l l  bear. The extremely high 

breakeven pice obtained is ~prixnarily due the following reasons: 

V 
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- High construction cost for earth mrk required in  that area. 

- Transportation cost incurred 

- Cost of energy exceeds by far the ptential yield OT benefits 

derived fram utilizing geothermal energy. 

- Righ cost of land lease. 

unless the energy required can be cbtained at an extremely law cast 

(negotiable, if the park cascades the energy, in Nhich case, aquaculture 

muLd be the end user) and the oonstruction oosts are lower, aquaculture i s  

not remmnended as a viable industry €or the park. 

'ihe ,quaculture kdustry in Hawaii is mprised of both large and many 

s m a l l  scale operations, the so called "back yard tqerations", 

Although the demrand is pwen, aquaculture can be a very unprofitable 

and risky business. Q~is holds especially txue for the w e  farmers with 

a sizable investment &ere a disease a the unexpected could inflict heavy 

losses. %his pmblern axpled w i t h  a high aperation and maintenance oost 

makes aquaculture a very delicate business. mwever, a snall backyard type 

operation w i l l  generally fare hetter due to law overhead and the amount of 

time dedicated to the business. 

Conclusion 

Availabilityof Fesmrces: Assured 

Market potential: 

Econoanic Viability: Uncanptitive 

S O ~  for Prawns; doubtful for Tilapia 
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surrnnary of Potential ~ndustry's E&-C M y s i s  

'ihe d y s i s  of a l l  potential industries indicate that although many of 
W 

the irdustries attractive, anly the 

processing plant wre sufficiently canpetit 

In addition, although the cattle 

in ecollcBnic viability, further analysis was recanmended because of the 

large amount of l o ~ a l l y  mailable raw material considered to be-a waste or 

millwas judgedtnbecnlynrarginal 

by product h the sugar industry. A the ~ ~ l u s i o ~  is ShaJn in 

Table 4.7. 
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Potential Annual Net Savings 
Market 

Ethanol 1,142,043 

by locating i n  Conmercial Park 

Cattle Feed M i l l  714,638 

Papaya 27,958 

Leucaena Protein N/A 
Recovery 

E 
Kona Coffee Processing 8,846 

Lumber Kiln 15,520 

Cement Hal lboard 123,533 

Aquaculture N/A 

Research laboratory 

Availabil l ty 
o f  Resources 

assured 

assume available 

assured 

very doubtful 

dammard trend 

def ic ient  

assured 

assured 

Market 
Potential 

high 

good i n  
Japan 

re1 at1 ve 

very 96od 

assured 

unproven 

unproven 

good for  
prawns 
doubtful f o r  
ti lapia 

Economic 
Viabil i t v  

cmpet i t ive 

marginal 

cbmpeti t l ve 

marginal 

unproven 

Brea keven 
Selllng Price 

$1.06/gallon 

i 

$122.50/ton 

36t/lb. fresh 
27#/lb. puree 
$1.75/lb. dried 

$285.67/ton 

$7.33/1 b. 

uncampatitive $.14/sq, ft. 

marginal $.78/sq. ft. 

uncompetitlve $11.91/lb. prawns 
$1.95/lb. t i lap ia  

Sunnary o f  I n i t i a l  Economic Wiabil ity 

Table 4.7 

Cements 

Appears attractive wlth good 
market potential for  c m r c i a l  
park primary/anchor Industry. 

Although marginal , believe to 
have sufficient tent ia l  t o  
evaluate and anap”uze further. 

Because there i s  room fo r  growth 
i n  the industry and market 
indicators are positive, process 
i s  selected. 

Although economically marginal , 
the process i s  marginally 
attractive, the feedstock 
avai labi l i ty  i n  the Puna Ois- 
t r i c t  i s  very doubtful , there- 
fore not recomnended. 

Because o f  downward trend o f  
resource avai labi l i ty  and high 
se l l i n  not seyected. price required, process 

Over 9 mi l l ion board feet o f  
processed lumber needed to  
at ta in  15% R O I  on k i l n  oper- 
ation. This exceeds koa 
lumber supply. 

This process i s  proven, how- 
ever, cement wallboards are 
relat ively unknown i n  the U.S. * 
specifical l y  the construct- 
ion industry. 

Process not competitive because 
o f  high production costs; not 
selected. 

- 

Not intehded to  be an econmi- 
ca l ly  productive entity. 
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cnAPTER5 

W 
OoeJCEpT OI? (DMMERcIAL PARK 

Introduction 

After identifying ies that are econanically viable in an 

industr 

appear. M s  chapter is a description of that concept of the industrial 

me amcept as described here was the basis for discussion between 

Pahoa, it is poss to deduce b w  the p r k  might 

citizens, investors, environmental 

iud sociological experts - 1  and other interested mes. 

site just outside ofq the K i l  can0 east Zonew 

selected to damnstrate the feasibility of such an industrial park site 

using direct geothermal heat in industrial m s s e s .  m c ,  Inc., the 

landowner, authorized the use of this site "for study analysis plrposes 

the analysis, extensive 

developers to plan, hild 

ate such an industrial park at several locations near 

Pahoa. 

Ihe amceptualized W d  initially h i s t  of: 

~n ethanol plant capable of produc 

ethanol and other e r g y  pmducts incl 

The principal feedstock requirements are 280 tpd of bagasse and 

340 tpd of wod at 50% misture amtent. 

A feed mill capable of pmducing 240 tpd of a roughage acmponent for 

cattle feed using 600 @d sugar cane leafy trash at 70% misture. 

- 
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- A papaya messing facility capable of processing: 

13,000,000 lbs./year fresh f r u i t  

5,000,000 lbs ./year plree 

880,000 U./year dehydrated snacks. 

- A research laboratory that mi ld  assist With the development of 

other 'industries including 

inthestudy. 

of the other m e s s e s  w&mted 

I Ihe park wuld contain several contiguous industrial plots at approxi- 

mately 6 acres each. If feasible, the m e s s  stem oould be cascaded or 

reused. w v e r ,  this amcept will have to evolve; a t  this time, it &es 

mt e a r  feasible to attempt to -ket a site for a process t h a t  w i l d  be 

demen t  upon steam cascaded ar made available fran mother process that 

might not survive. 

An artist's -ption of the park is shown in  figure 5.1. 

As illustrated, the pmposed park wuld be eventually surrounded by a 

silvi-culture energy tree farm &vel-t that a d  m i d e  feedstock for 

the proposed ethanol plant. In addition, the energy tree farm muld pr- 

vide separation between the industrial sites ard residential areas. 

Ttm geothermdl resource scenarios were evaluated in Chapter 2; one w i t h  

a 25 b44 electric p e r  generating plant and one with only the direct heat 

applications. -vert the final concept of the park does mt include 

a separate 25 Me pawer plant because the m s e  o€ the study focuses 

on direct heat aFplications. 
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Figure 5.1 Artists's conception of  the industrial park 



?he land requirement for each industry totals agproxhtely 6 acres. 

mit ia l ly ,  five to six industries were planned (see figure 5.2)#  w r ,  

only three and a research laboratory Were fihally selected. ~ a c h  has been 

allocated 6 acres for a total planned acreage of 24 acres w i t h  an addi- 

tional 24 acres for expansion. 

Access to the init ial  site was frcan the PahOa-Rdlapana road Wite 

the k i l a n i  Estates msidential subdivision. A bypass road which is in the 

final design stages pending mrmUnity .acceptance and gwennnenhl funding 

has been pmposed to divert heavy traffic amund Pahoa mwn. 

~xte to the strong w i t i o n  at early public infomati& ~ t i q s  to 

this ini t ia l  site and the corresponding heavy truck traffic implied, the 

proposed site was shifted m x i m a t e l y  3 miles due north of the original 

site, Access to this rpew site muld be Via the Pahoa -lid Waste Fbad 

which wwld minimize the impact of traffic and mise. 

Iand axts for study plrposes -re based m the current selling Fice 

of unhproved land near the pmposed pirk site. A cost of Sl2,OOO per acre 

for fee simple agricultural land was estimated. 





Geology 

As discussed previously and in greater detail in qppenaix A, a substan- if 
t i a l  geothennal potential exists in the east rift zone of the Kilauea 

Wlcano. The high potential zone indicated is greatest near the IK;FA 

well. mver, this is bel to exist  as far west as kkiheiahulu hi& 

lies about 2 miles west of the pmposed well site. W 

miles wide, and the resources are likely to be found at depths 2 to 3 

thousand-feet below sea level. 

The specific drilling site selected at:, 

2. An elevation greater than the industrial park, aws eliminating 

the need far pmping. 

Clearing, Grading and Fenciq 

. The pmpsed park site is densely vegetated by trees and trapical 

shrubbery. Being located ~1 a relatively recent lava flow, the terrain is 

somewfiat jumbled and will require extensive grading. Site knprovements 

including searing and grading, excavation d will 

drainage system are estimated to aost $9U,OOO. 

p.-ov'idi.ng for a 

mis ting Access m 
Access to the site by way of the P a b a  Solid Waste R x d  sbmn 

on Figure 5.3 is approximately 2 miles fran the highway. 

a. ate Solid Waste Transfer Station is approximately 0.7 miles f r a n  

the highway where the section of mad is 2 lanes, approximately 20 

feet wide and asphalt surface. 

Approximately 1 mile be- the transfer station, the mad is one 

lane 10 feet wide, as@mlt surfaced; sight distance is poor. 

b. 

n 



i 

. . 

I 
. 

HELCO ELECTRIC DISTRIBUTION IN THE 
PAHOA *AREA 

12.47 KV Figure 5.3 - 34.5 KV (ENERGIZED AT l2KV) - - -- - - ,EAST RIFT ZONE 
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c. The rwraining 

approximately 

distance to the site is a gravel cane haul mad 

10 feet wide. 

standards. F i r s t ,  the section of mad .7 miles froan the highway muld be 

widened to 24 feet and a 2 inch asphalt-concrete overlay added. lbe next 

1.0 miles will require a new pavement 

2,500 feet which is px 

pavement section. mese road impmv-ts are estimated to mt agpmxiIua- 

tely $900,000. other road transp0rtat;ion inpmvamts and omcerns w i l l  be 

ressed in Chapter 7. 

Electric Puwer Service 

A map of Hawaii Electric Light m y ' s  (HIXCo's) electric distribu- 

tion system in the Pahoa area is shown in figure 5.3. A 34.5 KV l ine 

extends cut to Pahoa fran Keaau to the Kapoho Substation just east of the 

tawn in the Lava Tree Park area. Froan there, parer is distributed via 

12.47 KV lines to the various subdivisions. Along the Pahoa-Kalapna 

Highway (State  F ~ t e  UO), the capcity of the line is 34.5 KV, although it 

is currently energized at m l y  12.47 KV. According to the HEX0 erqineers, 

this line could easily be w e d  to 34.5 KV, and could then serve the 

industrial p r k  if the tntal pwer aonsumption were limited to about 5 MW 

or thereabouts. Oonstruction of a 5 MVA substation is required at the park 

entrance m a site to be ppvided by the park developer (about 10,000 to 

15,000 square feet). The p r k  developr mad presumably pay for the 

substation but &ly not for the qqrading wrk along the Pahoa-SMapana 

Highway. CIP' 
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, 

Ime situation is different when it is anticipated that the ethanol plant 

would be sized such that it wuld be capable of3generating 10 MW of pier kJ 
in excess of the pier that W d  be consumed by the other industries in 

the park. Rmver, the substation wxld have to be sized for the w x s t  

case, mi& is when the full outp\t of the ethanol steam plant is exported 

I to the grid. In this case, the p e r  requirements of the entire Puna ’ 

District Wuld be exceeded (if PUM sugar Qnq?any is eXdlx3ed), and there 

would be a net export power to Keaau and Hilo. a~ additional’factor tn 

be cansidered is the pmposed arrangement tD be negot iaa  by the ethanol 

plant developer w i t h  the Puna Sugar Oempany to p w i d e  pwer in =turn for a 

the bagasse pmvided as feedstock for the ethanol plant. HEIM) is 

presenthy unable to determine how this W d  affect t h e - P a b a  area system 

until a mre detailed load study andd be &e. %e possibility of 

upgrading 34.5 KV transmission line running between Keaau and Paboa la 

69 IN w a ~  Suggested. Tn this Ose, .the of Wdd Fay for tfae 

69 KV is a ccnp?licaM one hich will depend m &ether the action wuld 

primarily benefit the park QT 

Vice vmqld be realized fbr all users in the area. A recent case was cited 

quality of ser- 

concerning the )boolokaa mar M i l l ,  in which a pawer-supply contract was 



the firm supply prices are significantly higher than standby or dump. Ihe 

price muld have to be less than the u t i l i ty ' s  oil-fired electricity (fran 

WETMIs viewpoint). Ihe Public Utilities chrmission, under the nxent  . 

FURPA and Sta te  Wings, wuld ultimately deternine the fair rate to be 

charged. A t  this time, it is estimated for study pnposes that pwer muld 

be priced at 60 mills. 

Rmer distribution w i t h i n  the industrial park muld be via a 12,47 Kv 

transmission line extending froan the substation at the gark entrance to the 

water ell (a distance of about 4,000 feet). 

EstiMted costs are as follaws: 

10 MVA substatian - $750,000 

Park trammss * ion line - $40,000. 

the costs are to be borne by the prkdeveloper, i s  not la#>wn at this tkne. 

mter Supply 

The water requiremen- 

%e grimary water supply in the ~atna area is the pah~a k p  tiklls, 

the p A c  were estimated at 250,000 gpd. 

located south of Palma along the PahOa-Kalapana EIighway. mere are 
currently two wells Prmpirag water at 600 gpn in- a 300,000-gallon reser- 

voir located about a mile south of the taJn at an elevation of 827 feet. A 

third well is currently being developed on the mrthwest side of the bm, 

which Will ultimately feed an additional 700 gpn to the reservoir. Ihe 

L, 

safe capacity of the system would be based on the oldest ppnp (350 gpn) 

being cut of oarmission. oounty water rates for the area are currently 

65 cen- per 1000 gallons. The new 700 gpn well is being developed to 

serve the anticipated future needs of the State  agricultural park expansion L, 
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W 
(Phase 11 and' subsequent expansions) , as wll as the s&ivisions in the 

area which are mw m catchment systems. &e Departnent of Water Supply 

has future plans to oonnect the P a b a  ard Ola'a water systems, bever,  

authorization is pending. uses an merage of 200,000 gallons per thy 

(140 pgm) -with IXWC~KKXII demand at approximately 300 'to 400 a m a n d  gallons 

per day (200-300 gpn) . %he indust& pwk at 250,000 gallons per day (175 

gpn) would mre than double the F e k t  water demand of the lmn. 

l lxee altehative plans 6or an k u s t r i d l  park water '&@ply were 

prepared. These prans ad their rmpective estimated &ts are slrmaarized . 

in Table 5.1. Alternative =I, a private system was selected; the location 

is shorn rn 
this system is developd below: 

2.1. SE aost/1000 gallons ar the wabr pwided by 

Cost of water faci.lities: $943,006) 

*zed  aost: assume 2O-year life, 12% aost of 
recovery factar CRF (20;l2%) = 

'iMalimlual-ts 

system ly: 250,000 gpd 

Annual wakr supply = 250,000 x 365 91,250,000 gallons 

Oost per gallon = $ 145,22 
$91,250,000 

Cost per 100 00159 = $1.59/1000 gauonS 
I 



Table 5.1 - Industrial Park Water Supply Alternatives 

Alternative I: Utilize Department of Water Supply System (aJs) 

a. Increase pmping capacity of Dws wells by replacing the older 350 

gpn ~xanp w i t h  a 65O+ g p  pmrrp. 

Add a booster pq at the existing 300,000 gallon tank to prmp 

water to the industrial park site. 

Construct a 500,000 gallon reservoir. 

Install a 6" diameter pipeline tn the new reservoir. 

Install a 12" and 8" diameter transluss ion line for pirk mter 

distribution. 

Install 6 fire hydrants almg the p r k  access mad @ 300' separation. 

b. 

c. 

d. 

e. 

f. 

Estimated Cost: $1,162,000 

Alternative If: private System 

a. 

b. 

Construct new well south of the 

Gmstruct a 500,000 gallon reservoir. 

w e l l s  at  the 740' elqvation. 

c. 

d. 

Install a 6" diameter pipeline tn the new reservoir. 

Install a 12" and 8" diameter transmission l ine  a>r park water 

distribution. 

e. Install 6 f i r e  Iydrants almg the park access mad @ 300' separation. 

Estimated Cost: $1,199,000 

Alternative 111: private System 

a. Construct a new well at 1,100' elevation. 

b. 

C.  

Canstruct 500,000 gallon reservoir ajacent to the well .  

Xnstall a 12' and 8" diameter transmission l ine for-park water 

distribution. 

d. Install 6 fire iqdrants along the park access mad @ 300' separation. 

Estimated Cost: $943,000 

&axmended Plant: Alternative I11 

b 

5-12 I 



Wastewater D i s p o s a l  

A t  this time, the exact Mture of the waste streams fran each of the cu' *I 

proposed inaustries is unknown. plerefore, the d e v e l w r  w i l l  be required 

to provide for specialized weal waste. treatments of all toxic wastes. 

EW Sewage, and innocuous industrial-water Gte, sGle aesspools, or 
shallow (20 f ee t  or so) injection wells for each industry is tw#mbended. 

Ple anticipated 125,000 gallons per day of waste water from the ethanol 

plant, for instance, eanounts to less than 90 gpn. Cesspools are a cumm 

practice in the area and on the Island in general because of the high per- 

meability of the soil. 

QE estimated cnst to each industry for a cesspool or shallow injection 

well is about $10,000. 

Cascading of Geothermal Heat 

Ihe idealized amcept Em an industrial park is to have several pm= 

cesses arranged to use the k a t  in squence. 'Ibse pmceses or portions 

of processes requiring a higher temperature wuld use the k a t  first and - 

the steam or hot mter fran the paces cutgut WMild be used main in 

because it is unlikely an 

r industry at  a 

favorable rate cnly to 

or unable to provide the kat .  

m longer viable 

A OOnCeptual OSCaahg flaw is shown cm figure 5.4. Papaya is 

the Wend process because its heating requirements are less' than the 

other W industries. Avarying BKlunt wuld be required by the research 

laboratory. 

hi 
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w !& concept of the irdustrial p r k  has been described for stw pur- 
poses. It has been sited m a 50 acre plot Within an 800 acre area of land 

authxized by Amfac, Inc. Utilities, access and improvements have been 

evaluated. A nearby potentid geothenMl resource is considered €mihbk! 

and hazards from -s and lava flow have been addressed. ax2 pm= 

posed park site was relocated in respns2 to cbjections fraan residents of 

the nearby feilani mtates and to minimize bjections to traffic congestion 

and trucking mises. %he new site is also autside the rift zone. 

i 
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Introduction 

~ l l y  three m s s e s  survived the init ial  test of ecoclc~nic viability. 

%hey are: 

- methanol-plant 

- a cattle feed m i l l +  

- a ppya processing facility, 

All other processes %re discarded frm further analysis as a result of - 

tkte fjollowing reasons; the Ability 

ve market potential and the overdl1 ecomlnic 

industry. fn this chapter, a detailed engineering evaluation and a 

R C processes are described in 

separate sections. 
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Introduction 

me ethanol m u c t i o n  plant analyzed in this study is based on the 

University of California Forest products hboratory (UCFPL) p p r i e t o r y  

process which uses ligrrocellulosic feedstocks. %he pmponents of this pro- 

cess claims the following zdvantages: 

- Utilizes the rnrldls mst abundant biomass material, 

lignocellulose, the vegetative part of plants, as feedstock. 

Includes a highly exothermic pmcess that obviates the need a r  - 
foss i l  fuel. 

- Feedstock is taken tD extinction with no waste materials pmduced. - 

- All pxaducts of the process are-ful energy sources. 

- 
, - 

Tkbe pmcess i s  envirorrmentally benign. 

psproximately 80 percent of the energy contained in the feedstock 

is recovered as energy products. 

The UCFPL process 03CLcept includes a highly exothermic wet axidation 

stage, an e3dothennic fezmentation stage and several distillation stages. 

Although this process to date has mt been fully demanstrakd in  a camer- 

cial plant, the po.”ocess QlllpoIbents are in cutunercial use & believed to be 

canpatible. 

%e UCFPL process is designed to accept ligmcellulosic feedstock along 

w i t h  other feedstock acmprising of starches, sugars ar ocmbinations of 

these biQnass mterials. me feedstock is subjected to dilute  acid tgdm 

lysis to convert the cellulose and the knicellulose material tD sugars. 
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sugar solution, after cettain purification steps, is then fermented 

with yeast, using oonventional equipment and techniques. The resultant 

beer is dist i l led to produce ethanol of the desired purity. 

Lignin msidue fran s stage, &prising 20 to 30% of 

the dry weight of feedstock, is taken to wet oxidation, where it is oxi- 

dized to pmduce organic acids and mthaml. Ihe arganic acids can then 

be methanated fn convert them to nrethane. Ihe wet oxidation F e s s  is 

highly aothermic. Thermal energy produced at this stage is used to 

generate steam to supply k a t  to other pucess stages.& the surplus i s  

used to generate.electricity. Ihe process is described graphically in 

Figure 6.1. 
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Figure 6.1 Ethanol Process Flow Chart. 
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t A .  - 

lulosic materials and amposed 

mostly of polysaccharides’ cunprised of linear 

mmsaccharides . . . .  . ,  
nwsosaccharides include both hexose and pen- that 

can be fennenbd’to alcohol. 

me bonds that ccarides linear chains Bund in ligno- 

glycosidic linkages. 

biosynthesis by the elimination of a mlecule of water for each bond that 

is formed. III m e r  tn oonvert the polysaccharides to mmsaccharid~8 

glycosidic bond that has 

p ~ l y ~ a c c h a r i d ~  in bagass, 

tic reaction known as 

specific * the hydmlysis of al 

certairi fungi, are for the hydrolysis of the beta-glycosidic 

the other W r  

me5 can utilize 

cleared for the prticular enzymatic system used. 
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Hydrolysis requires that the aqueous borne catalyst aanes into intimate 

contact w i t h  the solid surface at  the p i n t  of each linkage connecting 

msaccharides in the linear chain. In the case of lignocellulosic 

material, this requires penetration of a highly oenq?lex laminated 

structure. Ihe hydmgen ion is able to penetrate this structure due to 

its minute size. Enzymes, being large-protein mlecules, canmt penetrate 

and h all linkages without a pretreatment of the feedstock material. 

Enzymatic hydrolysis systems, typically require we-treatment that usually 

remxes  a portion of the lignin and reduces particle size so tha 

linkages in  the remaining plysaccarides are rendered available to the 

catalyst involved. srach Epe-treatment stages can be expensive and heavily 

energy dependent. 

material, therefore, generally results in goor rates of hydmlysis and l o w  

-tic hydrolysis of unaltered ligmcellulosic 

sugar yields due to the inaccessibility to the enzyme of a majarity of the 

bonds linking the -ide units. 

V a r i o u s  acids may be used to m i d e  the hydrogen bns required bo 

hydrolyze the mmsaahride boads and provide sugar solutions for a fer- 

mentation industry. Acid hydrolysis to amvert mcd to sugars for ethanol 

fermentation was used extensively by ennany in both Wrld Wars. Wing 

peace time, the low price of oil discouraged extensive research to impme 

these old m e s .  W i t h  the wrld-wide energy search Eocusing ~1 alter- 

nate sources, reinvestigation of these pmen pmcesses has resulted in 

hpmvmen- and qdated technology that is eff ic ient  and ecolwmical. 

general, two types of pocesses have been used; i.e., dilute acid hydroly- 

sis and concentrated acid lydrolysis. Concentrated acid hydrolysis can be 

carried out at.ambient temperatures, a v e r ,  it requires elaborate acid 

In 
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recovery steps w i t h  attendant dangers, axnplications and oosts. Dilute 

acid hydmlysis requires higher pressures and Gratures (lSO°C and 

higher), but the low acid requirement el 

acid recovery step:  ne U C F ~  s uses dilute 

. vert the polys&charides in the wod (or hgasse).  

the e fir a difficult 
W 

-constituent sugars. 

Process steps . c 
. I  

~ a w  material (bagasse, supplemented w i t h  other available lignocellule 
.. ~ 

sic material) is sized by hamemilling and then subjected to air 

tic aollect~rs to reinme extraneous imrganic,mterial 

and sand. Other such extraneous matter can be renrwed 
\ 

points in the 

vessel. W raw 

cessible polysaccharides, 

uloses, are hydrolyzed in this stage and separated fran the 

other material fxx to the Liquid Extraction No. 2. The 

is in friable -des in a 

size  is accuqlished yith 

verv little IIlecharu 'd enem OOmDared to the requirements to reduce the 

carr to ethe 

ides, tho t yzed in Stage I. Ihe 

includes the addi . *  to m i d e  an 
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Stage I1 yldrolysis is carried cut at  elevated temperatures in a pessure 

vessel, Hydrolyzate fmn Stage I1 Hydrolysis may be introduced into 

Stage f Ifydrolysis to carry cut reactions in  that reac-r, thereby 

increasing ‘&agar ancentration N minimizing the ammt of acid required. 

Liquid Extraction No. 2 may be required to remove from the hydrolyzate 

1.I 

any organic pmduct that might act as an inhibitor in the fermentation 

vessel. Ihe organic product extracted in th is  stage may be treated as a 

^feed sbck to produce various paducts, or added tn the stream 

entering either the wet oxidation rnethanation stages. 

E’ementaticm of the sugar solution frm the liquid extractor stage is 

accmplished by yeast in ClOPWen quipnent and with m e n  

Rectificition of the a i l u t e  ethanol stream fran fermentation is 

accarq?lished by dis t i l l a t ion  in cunventional quipnent and w i t h  m e n  

technology. Ethanol of the required p i t y  is obtained in this stage. 

W e t  Oxidation is used in a technique developed to oxidize the ligneous 

residue frcm the lgdrolysis stages. ’Ihe plrocess is highly exothermic, pro= 

ducing steam in cmtrollable amunts. pmcess can be designed b 

maximize either the t h e d  energy pmduced in the from of steam, or the 

organic pmducts. W m a n i c  products are merted  to nrethane in the 

methanation stage. W et oxidation stage is one of the key elements in 

the UCFPL process. LLgmous residue, an insoluble product of all lgdmly- 

sis processes using lignocellulose, has almost never been utilized to gam- 

duce significant products. Although ligneous residues are muted in  

great quantities by the @ping industry, nearly all of it is burned as 

part of the fuel required i n  the piping pmcess. !b pmduce significant 

amounts of ethanol frrm a precess designed to use lignocellulosic 
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W feedstock, it is an environmental and 

cmverted to a valuable product. The UCFPL process is the f i r s t  one 

capable of 

inefficient of drying and acmbusting the lignin in a oonventional 

solid-fuel boiler. &thanation is  sed to oonvert the soluble organic gm- 

ducts f m n  the wt asidation stage, and the unfemmted products frcm the 

fermentation stage, in-, methane. lmis is accaqlished in oonventiondl 

equiprent and w i t h  ~poven technology. p d u c t s ,  a it ion 

methane, are carbon dioxide and an aqueous stream cuntaining soluble 

c necessity that the lignin be 

ishing this ~1 a large Scale and does not involve the 

inorganics. %e soluble inorganics originate frcm inozyanic aQRponents 

contziined in the feeds- and the residual acid zeagmt (e.g., nitrogen) 

that provide soluble salts subsequent to the abuve seqwnce of p-ocessiq 

steps. 
i:  

Feedstock 

irements will be a 

ided data essen- 

plrposes of this 

Br ink-Merrk  Faper are as Sollaws: 
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-ximate Chemical canpsi t ion 
(-n Dry Material) I., 

, Ccanponent Fercentage 

Cellulose 

Acetyl 

uK#Lic Anhydrides 

Ektractives: Alcohol: Benzene 

Hot Water 

Ash 

White 
F i r  

38.9 

17.6 

7.3 

1.7 

3.3 

27.3 

1.6 

2.0 

0.3 

- 

- 

Bagasse 

31.3 

(27.1) 

6.0 

3.0 

17.9 

5.2 

6.6 

2.9 - 
m w  100.0 100.0 

Ethanol  Marketing 

Alcohol fuels are suitable 5or use in m y  applications where liquid 

fuels frcnn petroleum are ~ylw used. In Hawaii, ethanol is currently be- 

blended w i t h  gasoline tD pmduce gasohol. An ethanol plant pmduction of 

over 7 million gallons per year a€ pawer ethanol w i l d  be blended into 70 

million7gauons ~f gasohol. 

%e State of Bawaii consumed 325 million gallons of gasoli 

grades) in 1979, of which about 130 million gallons (40%) 

is projected that i n  1985, gasoline amsumption will wain be approximately 
325 million gallons assuming the declines in  gasoline amsumption per 

capita are offset by an increased IlBonber uf cars. An estimated 195 million 

6-10 



gallons (60%) w i l l  be unleaded grades, Ihe increasing inmber of new cars 

requiring unleaded gasoline accounts for the increase. , b.' 
Projected sales of over 70 million lolls of gasohol represent 

a3?proximately 36% of the 1985 unleaded gas market of 195 million gallons. 

This is amsidered a feasible cbjective in the 1980-1985 time frame. 

Public 

tial with iJ3narraJwith vmld prices 

for  crude oil and the decontrol of U.S. crude oil wice 

umtinue to grow and the price differen- 

I 

As of April 1980, gasoline prices at Bwaii's pumps range as follows: 

Cents, Per Gallon 

Gasoline: Regular 128 . 3 

PrelUin l38.7 

eaded 

Al 1s Task 

Ebrce crmcluded ".,.the hiqh cost of alaAml fuels relative to m e n -  

tional sources of petroleum w a r s  to le to widespread 

Caarmercialization." (Statement of Alvin L. Aln of the U.S. Department of 

Energy before the Senate m t t e e  a~ a r g y  and Natural Resources, 

78.) A t  

tOday*s prices, the State the price of regular 

thanthe 

state !Pax Incen 11 virtually eliminate the 
/ 

pump price differential  between gasoline and gasohol durw the next few 

tical aollsumer 

*Reflects 4$/gal. Federal tax exemption and 4$ Hawaii excise tax exemption. 
I V  
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Gasohol has been marketed in Hawaii during the last ten mnths. 

E t h a n o l  fran eellingham, Washington has been b l d e d  in a 90/10 mixture by cy. 
Pacific €&sources, Inc. (PRI) and distributed by tank truck to seven ser- 

vice stations. Gasdm1 sales are expected to increase to CNer 2,000,000 

gallons per year w i t h  the incentive of the State 4% Excise Tax benefit 

which equates to a 5 cent per gallon saving to the consumer. The market 

expansion potential appears limited cmly by the abi l i ty  to supply and 

dist r ibute  ethanol. 

A m j a r  marketing effort will he required to herease Hawaii's gasohol 

sales. It is l ikely that the present level of less than 1.0% of the 

unleaded market share in Hawai i  will increase gradually to 25% by 1983 and 

then to a 36% share by 1985. -cial acceptance by &ting marketers 

as ell as their gasoline suppliers is the raja risk in attaining this 

high market. It is estimated that gasohol would have to he supplied 

through about 100 of Hawaii's 523 gasoline stations in arder to achieve a 

36% market share or sales of 70 million gallons of gasohol annually. 

Other ready markets for gasohol include the Federal, State and mal 

govenrments whose combined a x w q t m  * n represents a significant portion of 

Hawaii's gasoline market. It is also expected that U.S. military forces in  

the State w i l l  give strosrg suppart to the *stration's gasohol ipogram. 

State and local govenrments have indicated strorrg support for the use of 

gasohol in their vehicles since the m u c t i o n  of ethanol locally ties in 

w e l l  to the sugar an3 agricultural industries and kings the State closer 

to its a of being m self-sufficient in me'&.  he mty of Hawaii 

w i l l  be suppartive of a =jar ef for t  to penetrate the Bland of mi 

market. TW five major oil o=mpanies, v&o oontrol rrost of the retail 

t 
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, 

I 

I 

preference.. m e  oil s in turn‘ ince their dealers to 

cminit financial pe -vert *&in pmrps tanks to handle 

9 1. his owla entail the p h a ~  cut of &e gasoline grade such as 

leaded premium td.lere the @ysiCal L p t  and Tltpnber of tanks/-, l i m i t  

the*grades that can ted. Sme minimal gasohol amversion cnsts 

. .  

* 
muld be required at 

Thg pmcedure for and distribution of ethanol cnce the 

Fama plant is operable is as follows: 
. Island of Hawaii Sales: 

pipeline f ran distillery to a gasoline terminal for storage before 

di&ibution to stations by tank truck. 

EtilanOl trucked to Hilo for blading in 

- 

b. Distributiosl to’other Islands: Shipped by barge frcan H i l o  tD 

a €bnolulu gasoline terminal distribution. 

the lower price of the locally 

produced ethanol d i n e d  with unleaded 

for gasah01 above NO  ion 

boost the-demand 

by 1985. 

It is estimated that the Pahoa Industrial‘Park 

tion by 1985. fn that time period, the possibility t s t h a t c n e o g ~  

at the Pahoa ideration of enbring’both the 

e 

* .  
\ 
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Plant Si te  Area Requ irements and Elements 
b 

lche basic ethanol m u c t i o n  plant conceptual site layout is shown an 

Figure 6.2. The detail of the raw material unloading and storage is shown 

in Figure 6.3. lche overall dimensions of the ini t ia l  plant site are 620 

- .  

t or 248,000 square feet (5.7 acres). As shcrwn cn figure 6.2, 

an additional 40 fee t  by 620 and 60 feet by 400 feet cx 51,200 square 

fee t  (1.2 acres) has been e r v e d  Br expansion plrposes. 

The site area includes the Bllowing major elements: 

ptlministration Building - contaiping offices, tnilet mans, &mer 

man, locker man, lunch man and aontrol man. Dtal W i n g  

area w i r e d  iS 3,600 sq~are  feet. 

Fmer Plant - inclrding a 5,000 KW s t e m  turbine and generator, a 5,000 

Kw gas turbine and generator, a 1,000 HP air aanpressor and assol 

ciated switchgear, aontrols and other required equipanent for 

10,000 KW system. mtal area required Br the.- plant 

building is 7,500 square feet. 

Maintenance-Serviceshopsanddry 

4,500 square feet plus a 5,200 

the building. 

storage. mtal area required is 

square-foot ooncrete slab fronting 

Ekedsbck sb rage  building - total area required is 14,400 square feet. 

This muld he a =tal Prframe type building. 

Evaporafmr, separator, &dmlysis, steamer, oxidation and dis t i l l a t ion  

units. 

Ebur f e r n t a t i o n  tanks - 30 f ee t  in diameter by 21 feet  high. 

Eighteen =thanization tanks - 30 fee t  in diameter by 27 fee t  high. 

Ethanol ,  methanol and yeast storage tanks. 

Truck, enployee and maintenance equipnent parking areas. 
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f 4 0 ' u t u r e  Expansion 

I 

\ 

-am-- 

. *  I 

ethanol 
storage 

- .-)-------.-- 
I 

1. Evaporator 
2. Separator unit b. 1 
3. Hydrolysis unit No. 2 45: w i ) i z p i o n  

ro s s unit WO. 1 
6. Met oxfdation 
7. Separator unit No. 2 
8. Liquid extractor unit WO. 2 

ETHANOL -ANT PLAN Figure 6.2 
WLLI :  8" - a *  

10. Separator unit No. 3 
11. Fermentation tanks 
12. Turbine 8 a i r  cmpressor 
13. 6as turbine 2 generator 
14. 6as turbine 2 generator 

400' 

9. Liquid extractor unit b. 1 



unl oadi ng hopper with 
feeder conveyor r- 

ot 
I 

ot 
4 

240' 

e bagasse '-7 

L s l i t  conveyor 

orient ba4t to  
plant as required 

.- 

Figure 6. 3 Ethanol Plant - Raw Materiala Vnloading and Storage Facility 
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All facilities within the aonceptual plant area have been sited to pm- 

vide an efficient flow from rece 

duction of the final pmducts and to provide dequate . .\ margins of safety. 

the yaw feedstocks through the ~ g g -  

!tile oost estimates are based on the facilities shown in figures 

6.1 and 6.2 and are in terms of July 1980 dollars. 'Ihese crosts are only 

for those items within the fenceline of the plaht and should be considered 

as order of magnitude costs. 

canstruction mst Estimate 

drainage facaitiis, prim& 
fencing d gate, Prc 

Site fire pratectiOn, yard Wht- and WW and 
seer lines (tn fenceline) $ 717,100 

5,200 Square-fOOt 
coarrrete slab in front of service &lap3 building, 

Tank and machinery foundations 420,000 

BuildingandShops: 
Administration building 
inauaing offices, bilet ZUQUS, shower roan, 

Maintenance and service shop building (4, 

r zoom, lunch zoom and mntml mat. 288,000 

square feet) 202,500 

Feecismck EQlipnent: 
Feedstock receiving facilities, bclUahq 
receiving hopper, bot- screw conveyor, 
elevating belt omveyor and me rubber-tired, 
on d i e y a r d  front-end 116,000 

stock storage and d i  ities 
including 14,400 square foot A-frame storage 

belt anrveyor, traveling 
amveyors and tunnel 5or 
iving lqper, and 

awered elevating belt amveyor. 

process area cmcrete slabs (38,000 
Plant Equipnent: 

square feet) 152,000 
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Eaotating Steamer (8 f ee t  in diameter x 
30 f ee t  long) with 5 Hp mtor 61,250 

Hydrolysis Unit No. 1 consisting of three 
stainless steel 3.4foot diameter by 32.1-foot 

Neutralizer tanks amsisting of two stainless 
steel 4-foot diameter by %foot tall tanks and a 

t a l l t a n k s a n d a ~ 2 O O ~ p a n p w i t h 4 O H p m t o r  151,580 

feed Eannp with 0.5 €53 mtor. 13,300 

N i t r i c  acid tanks - t w o  stainless steel 
&foot diameter by'6-foot tall tanks w i t h  

Sentization uni t  cmsisting of three stainless 
steel 2.5-foot diameter by 29.9-foot tall tanks, 
2-foot diameter by l0-foot long heat exchanger 
and QK 200 GEM panp w i t h  5 rn motor. 

Hydrolysis Unit No. 2 consisting of s ix  stainless 

Centrifugal separator Unit NO. 1 misting of 

feed prmp and 0.5 W motnr. 26,110 

steel 3.4foot diameter by 30.6 foot tdll tanks. 567 ,380 

three 50 E@ separators with pmps and 5 HP motors 184,000 

Evaporator unit  with me stainless steel 10-foot 
diameter by 20 tall tank, cne stainless steel  8-foot 
diameter by 12-foot tall tank, and one stainless 
steel 40-foot diameter by 12-foot tall tank, a l l  
withSHpPlar43s. 184,500 
Liquid Extractor Unit No. 1 w i t h  ae stainless 
steel l0-foot diameter by 12-foot tall tank with 
one 5 Hp and ale 1 H p p u q 6 .  52,300 

Wet oxidation u n i t  m i s t i n g  of six stainless steel 
&foot diameter by 34.2 foot tall tanks with 2 HP pmrps. 983,100 

Centrifugal Separator unit No. 2 w i t h  two 40 HP 
separators and a 3 HP pmp. 

Liquid Extractor Unit No. 2 with cne stainless steel 
10-foot diameter 12-foot ta l l  tank w i t h  0.24inch thick 
walls and one 5 Hp and me 1 Hp puanps. 52 800 

Solvent -cry unit with ale 30-t diameter by 

Distillation unit w i t h  two stainless steel 
6-foot diameter by 30-foot bll tanks w i t h  38 bubble 
trays, 2-foot diameter by l0-foot long heat exchanger, 
two 4-foot by 12-foot m r  oondensers, and two 3 HP 
P W .  180 , 400 

lo-foot tdll tank. 4,800 

Li 
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Centrifugal Separator Unit No. 3 with tm 
25 HI? separabrs 60,000 

Fermentation u n i t  m i s t i n g  of four stainless steel 
30-foot diameter foot tall tanks. 1 I 593 8 600 

Methanization u n i t  s t h g  of 18 mild 1, 
30-foot diameter by 27.3-foot tall tanks, 1 Elp 
FUIIFS ~1 each tank, a~ gas canpressor and one 

Etfianol storage unit aoslsisting of two 20-foot 
diameter by 20-foot tall mild steel -8  5 HP 

receiver tank. 3 516,550 

pump and truck hading station. 98 500 

Methanol storage unit  with one 12-foot diameter by 
16-foot tall m i l d  steel tank, 5 €P planp, and truck 
loading station. 29,140 

? .  

Yeas t  storage unit with two 5,000 gallon mild 
steel tanks and 1 Ke pump. 

Miscellaneous stainless and mild steel piping, 
f i t t ings  and valves. 

Fuwer Plant Building (7,500 square feet) with stem 
and gas turbines for 5,000 KW gmerabrs, 1,000 Hp 

+foot diameter by 12-foot tall air receiver tanks, 
three fan aooling tower 8' x 24' x 12', -ling . 
water p~nps and switchgear, a n t m l s ,  e-. for 

17,100 

Piping Fitting Valves: I 

745 , 000 

air czmprwsor# hFat rwovery system, stack, am 

10,000 3 450,000 

109,600 pawer lines and electrical hoak-up. 

Instrranentation, m.: 
Instr\anentation and mntmls  

nnal steam piping (within fencel 

ing walls around ethanol and methanol tank areas. 33,500 

1,530 ,670 

$16 8833 cOOO 
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Design, engineering and oonstruction management 
(assume 12 percent of construction costs)- 

mtal Estimated costs 
L, 2,019,900 

$18,852,900 

Annual Operations and Maintenance Costs 

Pthninistration: 

1 Superintendent 
1 Office Manager/C11erk&pist 

, 

$ 40,000 
20,000 

$ 60,000 

Plant operation: 

6 Crperabrs ($lO.OO/hr + 35%) 
3 Laborers (6.00/hr + 35%) 
3 clf2an-llp (3.00/hr + 35%) 
1 warehouse (S.Oo/k + 35%) 

Maintenance: 

3 Mechanics ($lO.Oo/hr + 35%) 
2 !rrademen (U.OO/hr + 35%) 
5 Helpers (6.00/hr + 35%) 
2 Yardmen (4.00/hr + 35%) 

SUbTWd.  

Maintenance Eizaterial Cbst: 
(1/2 of 1% of amstruction 
costs w/o management m e )  

mtal -rating and Maintenance costs 

$168,480 
25,272 
50,544 
14,040 

$258,336 

$ 84,240 
67,392 
84,240 
22,464 

$258,336 

$576 672 

$ 84,165 

$660,837 

0 & M costs do mt include the annual costs of the geothermal fluid or 

the royalties associated therewith, electricity pxhased from the utility, 

potable mer,  feedstocks, trucking 0 & M costs, or applicable taxes and 

insurance. It is assumed that the truckhg 0 & M costs will be borne by a 

trucking mntractor. 
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Nature and Cmpos ition of W a s t e  Streams and Atmosph eric Emissions 

Che of the claimed aaVantages of the WPL e 

there are m feedstock 

five waste water streams. 

Waste Water Streams 

sanitary wastes. Based the 1lsrmbeTs and categories sonnel 

required, a 20-bur operating 

wastes have been dalculatea to be approximately 2,000 spa or 

600,000 gpy. It is assumed that in &e developrent of the industrial 

park, a sewage treatment pl&t wuld be tuns- to serve the 

iod, 365 days per year, sanitayy 

entire park. Sanitary wastes from the ethanol plant k;lDuld be 
, 

directed to this plant. 

I I *  

I lpocess waste mer has 

! approximately 150,000 'gpd at a temperature of 130OF. 

'his waste water WUM eSSentiauy amtain e 
biomass raw materials w i t h  

arganic matter-is expected in thi 

anic matter of the 

to be a ~ p r 0 ~ h t d . y  5,400 

muld aontain mall 

stages. 1t.h 

Truck and Equipraent W a s h  Water. 16 waste stream are 

approximately 1,500 gpd at 75OF. This waste stream would amtain 

~nall amma of r a w  f e s e  materials, oils grease, sand and dirt. 
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L' Solid and grease traps and oil separators should be wovided for this 

waste stream and a l l  equipnent washing should be confined to 

area . 
Site  Drainage Water. Based cn rainfall and net evaporation rate 

studies d u c t e d  for the Island of Hawaii, the q m t i t y  of rainfall 

f m n  the entire 5.7 acre plant site a r  the merage ten-year e m  is 

estimated at 45 cubic feet per second (CFS). 'Ihis runoff 

directed to storm drains stategically located w i t h i n  #e plant area 

hi& would dis-e into the raain storm water disposal system. 

AtlmS& eric Emissions 

Atmspheric emisSiOnS froan the ethanol plant would be v t e d  to be 

minimal. There essentially mi ld  be tm direct a-eric anisSion 

~ources. 'Ihe first is steam hLowloff fram several points, all of hi& 

have mt been identified. It is expected that the steam turbine muld be 

one source of steam H-ff, as would other equignmt units such as the 

evaporator and steamer. lhese emissions are expected to he intermittent 

only. The causes of the= d s s i o n s  are the excess pressure resulting f r a n  

the wet  axidation w s s  equipent and leakirq glands. 

W second potential 9ource of atmspheric emissions wnild be the gas 

turbine exhaust flue gases. Based m the assumption that V x i m a t e l y  

3,000 pounds of =thane ((E4) would be burned per bur, the allowing 

atmspkric enissions are expected: 

- a2 - 8,202 pounds per bur 

- 3 0  - 6,730 pounds per bur 

- N2 - 39,800 pounds per bur 
. 
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These quantities are cn the fol 
ctd 

. I  - 2.744 pounds of CD2 per pound of methane 
- 2.246 pounds of 5 0  per pound of mthane 

- U.275 pounds of N2 per pound of =thane 

lkbese atxoqheric enission aonstituents are mt generally amsidered 3 

be pollutants as descr the Federal a state 

Standards. However, it is possible that, through chemical reactions w i t h  

each other, gases amsidered to be pollutants, such as C02, y2 OPT 

O3 (ozone) ax ld  be pmduced. 'I&? latter might be pmduced & sunlight 

ofthedata 

i t i d  potential a.trrrospheric eniss dust fran the ethanol 

significant murce of atmospheric missions 

, not be Ep-esent except in the case-of a malfunction of equipnent OPT process 

pressure vessels. .Should a malfunction occur, inmediate remedial action 

would be Wen to alleviatexthe pro&lem. 

Similarly, FmceSS odors muld 
I 

Indirect murces of atmospheric missions in and around e ethanol 
plant would be vehicle emissions? the natural missions fmm the'steam vlents 

and other volcanic factors characteristic of the puna District of the 
x h-, 
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Island of Hawaii. An attempt b quantify these missions has rnt been made 

because of the m y  unknown site specifications regarding the industrial 

park and surrounding environs. 

Industrial Support ~ e q u  irarents 

L 

Ihe proposed Pahoa industrial pirk muld be the f i r s t  such facility to 

be located in an area that currently has a low papulation level and is pri- 

marily used for msidential and agricultural prrposes. Therefore, the 

generally required support businesses have mt y e t  been 

are they l ikely to beccane established (at least) until 

park muld be under amstruction. Ebr an undetemhd period 

industrial m k  and the trtMnts thereof, muld have to 091 support 
businesses located in Hilo area. %ese support businesses would rafEge 

fran -ration and maintenance material suppliers to office supplies and 

vending L[ELchine pmducts. 

The park muld also have to mly  cn -sent or ool~currently developed 

infrastructural oemp~t~~ts such as mads, water, sewer and to a limited 

extent, electrical pmr. 

Additional requirements for the ethanol plant *rations wuld be 

reliable supplies of nitric acid, mutralizers and other process supplies. 

Feedstock Hauling and Trucking 

The feedstock -ts for the pmposed ethaml plant is assumed to 

he approximately 283 Myday of ligmcellulosic material, principally bagasse 

and mod chips. Anthurium growers have obtained small amunts of bagasse 

fram the Ka'u Sugar Ocanpany in Pahala at a Wice of $20 per ton 091 wet  

basis. w i n g  costs depend 091 the equiptent which is used and the hauling 

t 
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distance. Both tandem trailers and oompacting trailers were axsidered. 

Canpacting trailers were chosen because bagasse is easily canpressed to 

densities up to 20 Us. t. A limitation allwable length of 
b, 

truck/trailer axnbinations l i m i t s  the h a d  that can be carried in the case 

of tandem trders, d l e d  a "train." -ting trailers e* currently 

used by the Qtlnnty at solid waste transfer stations, and have k n  used t~ 

canpress bagasse. -A  problem has been maxmtered when the masse is 

pacted txx, much as it tends to jam up at the exit. !&sting w i l l  be 

required to detennine the cptimal bagasse ampaction. ~~sumincj 90 cubic 

acmpacting trailers, the oast cd hauling bagasse froan Puna sugar- 

cQlp?any to the p r k  site in Pahm WMild be about $3.64/ton, while fran Ka'u 

ich is Japanese 

order for the price tD be econanid for the ethanol 

treesandtimbersl 

is attributable 

level of U , O O O  ta 20,000 tons 

'JIE mod aould either be chipped -site, or hauled daJn the ethanol 

plant as lags to he chigqed there. The -rations wuld pbably be a can- 
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bination of both techniques, with hole logs trucked to the p r k  site, but 

the tree tops, being bulkier and less dense, would be chipped ar-site and 

trucked as chips. 

Li 

- Ebr plrposes of this investigation, the  hauling aosts were estimated 

for the hauling of mod as chips. mese CdLculations are similar to those 

for bagasse, although it is assumed that mod &ips w i l l  mt ampact as 

easily, and the density w i l l  be about 16 lb./cu.ft. QT about l8 per 

lzuckload. Hauling aosts are then estimated at $5.56/ton 5or mod &ips 

hauled from upper Puna area, and $10.42/ton if the wod aomes frcan Capitol 

Chip's qerations near P a w i l o  an #e Hamakua Cbast. 

A d a b i l i t y  of Feeds- 

An ini t ia l  survey (Chapter 4)  fo- approximately 208,500 -/year of 

available feedsto&, of which 85% w a s  bagasse. PlR minimum feedstocks . 

for the ethanol plant are 206,000 --/year. 'Ihe intent of 

the survey to detemlne the magnitude of existing feedstock. 

Surveys were perfomed to determine the availabil i ty of mod cn public 

and private lands. 

%e State holds a larye portion of the oorrpnercially forested land in 

the Puna District &ich wuld be cbtained thrwgh public auctions. Of the 

large wivate  land awners sumeyed, the majority were cautiously agreeable 

to further discussions. 

A local firm has begun demanstration tree farming qerations aich 

should oover appmximately 900 acres by the end of the five year contract 

period w i t h  the Department of a q y .  
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Raw Materials Unloading and Sbrage W 
A schematic layout of seandwoodch facil ity for the 

conceptual ethanol plant developed (F 

1. Basis: Bagasse 140mMt/day, 280 -/day as milled. 

weal 171 Mwday, 285 as k i v e d  @ 40% 

1 bisture. 

Plant operates at an 03% capacity factor (20 hours per day) , hut 
, tlk storage facility design mst be based a 2 4  hours/day. 

Storage is sized for five days. 
I 

2. ' MaXiRlunl *ing raw: 
Bagasse 7 Mt,bur @ 50% misture ='14 gross fmns/hr. 

wood 8.5 M-0 @ 40% rr~hture = 14.2 

-/day 

' 3. mixnuin storage = 3380 tons. 

Size of build 

./cu.ft.= 45,000 cu.ft. for 1 

days storage 

340 d 680,000 lbS. .ft. ='31,000 cu.ft. Eor 1 



6. Unloading and Storage *ration: 
6d 

Using end-dmping trailers w i t h  conveyor chain unload-, trucks 

w i l l  drive over an mloading hopper w i t h  conveyor that feeds an 

inclined belt conveyor into the storage house. A 

belt-tripper/spreader assembly on rails can be positioned at  the 

appropriate place to direct bagasse ar wood chips to the 

app?rapria aim pile. A 1S-fOo.t: wall which divides the 

sb rage  house into separate bagasse and wod chip bins w i t h  an 

~ x i r n a t e l y  60/40 split in  -rage volume. It is assumed that 

the feedstock must be oo-mingled, at  a certitlll ' ratio for effective 

operation, hence the need for separate storage piles for bagasse 

and wood. 

7. Feedstock and Reclaim @eration: 

A reclaim p i t  8 fee t  wide, by U feet long and 10 feet deep is 

centrally located in the storage b u s e  building, a c h  is 50 feet 

long and 30 feet wide. 'Ihere is man fkr the loader to manewer 

in the building around the pit. Bucket loader reclaims bagasse ar 

chips fran the appropriate reclaim pi le  and drnnps it in- the pi t ,  

mich feeds a slat amveyor which in  turn feeds a bel t  conveyor 

that nms to the ethanol plant. 

Feedstock reclaim mquirement: 14 tons/bur  bagasse @ U3 

cu.ft./ton plus 14 tons/bur chips @ 92 cu.ft./ton gives 

about 0.5 tons per minute, or about 60 cu.ft./dn. A 3 cu. yd. 

loader bucket (81 cu. f t . )  w i l l  be mre than adequate, assuming a 

one-minute per load cycle time (average) . 
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Feedstock Costs 

Bagasse: 

wood chips: 

Nitric acid 100%: 

Basic neutralizer 
(caustic soda) 

280 tpd (50% misture) @ $30/tD31 

285 tpa (40% misture) @ $30,'- 

200 Spa @ $2.50/gale 

1,400 Ibs. @ $.18/lb. 

150,000 Spa. @ $.000682/9&. 

mtal Feedstock 00s- 

Power costs 

' 500,000'~W~ @ 8jt/laJh 

$3,066,000 

3,120,750 

182 500 

91,980 

37,340 

$6,498,570 

$ 47,058 

$ 916,077 



FINANCIAL ANALYSIS 

Assumptions: 

*rate: 20 hrs./day, 365 

Investment : 

Site  pparations 
Tank and machinery doundat 
Buildirvsfshops 
~ e e d s t o i k  e q u i b t  . 
Plant equiptent 
Piping, f itting, valves, etc. 
Emer plant buildings 61 equiplbent 
FWer lines and hoakup 
Instrumentation 
Miscellaneous items ti contingencies 

Design br engineering 

mrAL 

Annual Revenue: 

Ethanol 
(20,000 @ $1.80/gdl.) 
MethatlOl 
(2,200 GPD @ $0.50/gal.) 
Y e a s t  
(6,700 lbs./day @ $0.17/lb.) 
Electricity 
(72.9 million Kkh/yr. @ 60 mi.lls/kw) 

m 
Annual -rating Expenses: 

Geothermal Steam 
(47 M0l?J€i @ $2.67- 
-ration and Maintenance 
Feedcost (including -) 
Utilities 

$ 714,100 
420,000 
490,500 
736,000 

8 140, UO 
745,000 

3,450,000 
109,600 
493,500 

1,530 ,670 

16,833,000 

2 ,019,900 

$ 18,852,900 

$ 13~140,000 

401,500 

415 735 

4,374,000 

$ 18,331,235 

916 077 
660,837 

6,498 570 
87,058 

$ 8,162,542 m 

i, 
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Investment Tax Credit: 

I 20% 

Tax Depreciation: 

17.5 years 
Dougle declining balance 
Zero salvage 

I Tax Rate: 

50% ' 

.. 

.. 



Investment 
and other 

End of year Cash Flow 
0 ( 18853) 
1 3770 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

QI 14 
h 15 tu 16 

17 
18 
19 
20 
21 
22 
23 
24 
25 

Prof i t  before 
Depreciation & 
Income Tax 

101 68 
10981 
11860 
12809 
13834 
14940 
16136 
17462 
18820 
20326 
21 952 
23708 
25605 
27653 
29866 
32255 
34835 
37622 
40632 
43882 
47393 
51184 
55729 
59701 
64477 

Deprec i a t  i on 
for  

Tax Purposes 

21 55 
1908 
1690 
1497 
1326 
1174 
1040 
921 
81 6 
744 
744 
744 
744 
744 
744 
744 
744 
372 

Taxabl e 
Income 

801 3 
9073 
10170 
11312 
12508 
13766 
15096 
16541 
18004 

21 208 
22964 
24861 
26909 
291 22 
31 51 1 
34091 
37250 
40632 
43882 
47393 
51 184 
55729 
59701 
64477 

19582 

Tax 

4007 
4537 
5085 
5656 
6254 

7548 
8271 
9002 
9791 
10604 
11482 
12431 
13455 
14561 
15756 
17046 
18625 
2031 6 
21941 
23697 
25592 
27865 
29851 
32239 

- 

6883 

Discount Rate 
15% - 

Present Value $46 137 27,111 
After tax discounted cash flow 
Rate o f  return: 43.6% 
Payback: 2.4 years 

Income 
a f t e r  
Tax 

4007 
4537 
5085 
5656 
6254 
6883 
7548 
8271 
9002 
9791 
10604 
11482 
12431 
13455 
14561 
15756 
17046 
18625 
20316 
21941 
23697 
25592 
27865 
29851 
32239 

25% 
16,294 

Total 
Cash 
Flow 

( 18853) 
9932 
6445 
6775 
71 53 
7580 
8057 
8588 
91 92 
981 8 
10535 
11 348 
12226 
131 75 
14199 
15305 
16500 
17790 
18997 
2031 6 
21 941 
23697 
25592 
27865 
29851 
32239 

- 

Table 6.1 
ETHANOL PLANT 

FINANCTAI ANA1 Y S l S  1 lSTFAM AT $2.67/MBTU) ($poo) 



i!!E!%x 
6, The conclusion fram this analysis is that the ethanol plant wuld make 

LJ 

an after tax discount cash fluw rate of return of.43.6% with a payback of 

2.4 years. This is based on a steam selling price of $2.67/MEm. The 

conclusion frcan this is that the cellulose to ethanol plant oould be a 

viable'arachor industry for the industrial park. 

Atmxmnm l?mmaNG ANALYSIS - EmANoL As cNI;y !ENAN!r 

Having %und that the ethanol plant oould be viable as a amponent in 

an aqoing industrial park, the question was raised whether the ethanol 

plant would be viable if it were the m l y  industry. %his is likely, being 

the anchor industry, the ethanol plant muld likely be established prior to 

any other industry. 

resource and transmission and develop the inaustrial p k  based solely 091 

the ethanol plant. 

I t  was assumed that cne developer W X A ~  develop the 

ih i~~~lenmtat ion scenario was hypothesized in which a wellfield and 

pipeline muld be &vel* jkt for the e-1 plant. ws is shown in 

Table 6.2. 'Ihen an analysis was made to see if the ethanol plant is viable 

i;r that situation. 
Table 6.2. 'Ihen an analysis was made to see if the ethanol plant is viable 

i;r that situation. 
what an analysis of that 1 thermal developnent to 

determine the required selling price of steam serving anly the ethanol 

plant. I t  pmves to he $5.934/MBm to v i d e  a required after tax rate of 

return of 27%. 

is an analysis of plant using this higher 
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m 
I x 

PERMITTING 

-Well #l 

-Well 12 

-Comm. Park 

-Well #3 

CONCEPT DESIGN STUDY 
Drill 1st Well 
Test 1st Well 
Drill 2nd Well 
Test 2nd Well 
Drill 3rd Well 
Test 3hd Well 
Wellsi te construction 
Decision to Build Plant 
Finish Design 
Construct Park/Plant 
Construct Pi pel i ne 
Test Operations 
Attain Full Production 
Complete 1 year 
full Production 

c 

ti 
c 

6 4  m 
m 
c 

8 m 
c 

8 
m 
c 

8 m 
c 2 

c 

h 

3 
c 

Table 6. 2 Hypothetical implementation Schedule 

c 



! 

Geothermal Investment Costs - For Ethanol Plant only 

ETHANOLPLANT 47mTu/hr. 

- wells: 1 produCti&’well $ 1,600,000 
Î _. 

1 standby wel l  , 000 

1 - a  1,600,000 

mal . $ 4,800,000 

wel l  S i te  Equiprent: 

Site  pparat ion $ 000 

Dm #ase separator 70 000 

Evaporators 700,000 

H2S aba 600 000 

Si te  utility, mads, etc. 530 ,000 

mtal $ 2,155,000 

&source Trammission: 

pipeline 409 990 

Installation 298,905 , 

Insulation 736 960 

*The lower oost is due to the smaller diameter pipe required and the 
carresponding insulation material required. %is in turn lowers the engi- 
neering design factor and cnntingency. L, 

6-35 



TABLE '6.3 

Geothermal Resource Dewloganent 
Assrrrrmtions 

Construction Costs: 

!the total oonstruction aost of $12.4 million is spread over three 

years follawing the same dewlopent timetable as presented in 

Table 6.4. 

Escalation: 

@nstruction 00s- are escalated at 8% a year. 

Revenue: 

A steam load factar Of 90% Was ass&. 

saleable stem was calculated as follows: 

The amOtrnt af 

Annual Saleable Steam = 49,200 lbs./hr. x 24 hrs, 

x -90 = 382,579,200 IbS./year. 

x 360 days 

Revenues equal the annual steam production times the selling wice. 
The required selling price was derived through anputer iteration. 

Opera- Expens es: 

Field opera- and xriaintenance 

Estimated at $158,900 in 1980 dollars 

OtherExpens es 

Estimated at  $22,700 in  1980 dollars 

Expenses escalated at 8% a year. 

Intangible Drilling Costs (m) : 

Consistent with curreit practice, 80% of total wall costs 

permitting, l e k ,  legal 

and adhninistratiw expenses) were designated as IDC and expnsed 

in the year incurred. 
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TAl3lX 6.3 (Continued) 

GeothermdL Resource Developement 
Assumptions 

Depreciation : 

All capitalized oonstruction oosts were depreciated ~ i n g  a c e  

lerated depreciation over the allowable tax life: 

wells 20 years 

Pipel ine 30 years 

Other Equipent 22.5 years 

wells and other equipaent were depreciated t&en they became 

operable . 
myalty: 

~n the analysis, the base case royalty assrmg?tion is 10% of gross 

revenues (Cption 1). Sensitivity analyses were included in the 

d e l  with royalty rates of 12% (Option 2) and 15% (Option 3) 

representing the basic state royalty plus an assumed 2% override 

and a 5% negotiated rate with a private owner respectively. 

Depletion Iulawances: 

Depletion allowance totaling 15% of net  revenue (gross =venue 

less myalties) were deducted fmu n e t  revenue to arrive at 

taxable incare. 

Inccae Tax Rate: 

Ihe statutory ambined State and Federal tax rate was assumed to 

be 50%. 

3 
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11117/8# llr31 
P A W  INDUSTRIAL PARK STUDY 

REVISm STEM PRICE 
(SIllI 

PAiOA INGUSTRIAL PARK STUDY 

0 6 # 0  
REVISED sml P ~ I E  

OESCRIPTIOW PERIOD-YEARS 
l98d 1981 

-11% -512 
I ' -1128 
n 0 
n I 
n I 

-2% I 
-2.5sa -2.7111 

-28 -21 
-15 -9 

-1111 -2313 

.mo .om 
,8059 .#bk 

I 0 
n I 
n 0 
I 61.09 

I -61.09 

1155 1BM 
6 I 
I n 
I I 

n I 
I 1 
I I 

-1155 -1911 
-1155 -1911 
-1155 -1911 

-571.1 -955.6 
-571.1 -955.6 
-571.1 -955.6 

---*--- ------- 

------- --*----. 

-I----- ------- 

------- ------ 

1982 

I 
I 

-2158 
-2514 - 1% 

I 

-26 
-55 

-6916 

.fWI 

.I069 

0 
6 
I 

89.H 

-89.11 

3566 
I 
I 
0 

I 
I 
0 

-3655 
-3655 
-365 

-1828 
-1828 
-1828 

- 2 . w  

------- 

------- 

------- 

------- 

1983 1981 1985 1986 

n I n 1 
0 I I n 
I I 6 I 
I I I I 
n I I 6 

I n I 0 
I 0 I I 
6 I I I 
I n d 6 

I I n 6 

.OEM .I8M .#8W .e800 

------- ------- ------- ------- 

. m e n  m i  . em .mi 
2860 3W9 3336 3613 

211.2 216.2 233.5 252.2 
28.61 30.89 33.36 36.13 
211.1 221.7 zM.9 187.7 

2390 2626 2865 3121 

6 n I I 
286.0 368.9 333.6 368.3 
343.2 37S.6 W.3 132.3 
129.1 463.3 W.1 5111.1 

386.1 417.1 15n.3 186.3 
317.5 Ul.1 146.3 275.5 
361.6 393.8 125.3 159.3 

1718 1891 2181 2280 
1669 1812 2021 2219 
1596 1163 1939 2127 

859.6 911.0 11111 1111 
831.1 921.8 1112 lid9 
798.2 881.1 969.6 1863 

------- ------- -----a ------- 

I----- ------- --*---- ------- 

I----- ------- ------- ------- 

1981 

0 
n 
I 
0 
I 

I 
I 
n 
6 

I 

.w(M 

. w 2  

3891 
272.4 
38.91 
112.8 

3 w  

I 
389.1 
kb6.9 
583.6 

525.3 
513.6 
196. I 

2192 
2126 
2321 

1246 
1213 
1163 

------- 

------- 

------- 

------- 

1988 1989 1996 

I I I 
I I I 
# I P 
# I I 
a . I  6 

0 I I 

# I I 
# 6 I 

a 0 0 

.m# .H .IWI 

.I1111 .I119 ,1128 

1212 1538 1961 
291.1 311.1 313.1 
12.12 15.38 49.61 
159.2 116.6 135.1 

3117 1629 1311 

Q I n 
120.2 153.8 190.1 
94.2  514.6 580.1 
631.3 681.1 135.2 

561.3 612.7 661.7 
551.7 599.1 617.1 
535.8 518.6 621.9 

2119 2962 3222 
2618 2885 3139 
Zskl 2169 3611 

1369 1181 1611 
1321 1112 1569 

I n e 

------- ------- ------- 

_------ _______  ------- 

------- -*-(.--- ------- 

izn 1385 isfii ------- ------- ------- 

PERIOD-VEARS 
2612 2613 2084 2665 2086 2Ml 

I n 6 I I 0 
0 I n I I 0 
n E I I 6 I 
n 6 I 6 I I 
I d 6 I I n 
n n n 0 I I 
I I I 6 I 0 
I I n I I I 
I I 6 n 0 I 

0 6 n I I I 
---.--. .------ --.I---- ------- ------- 

c 

-0868 .08#P .I866 
.I138 ,6119 .#it! 

5293 5717 6171 
316.5 1118.2 132.2 
52.93 57.11 61.14 
128.1 122.7 117.9 

1742 5!11 5552 
------- -_-____ 

e i e  
529.3 51:.! 617.4 
635.2 68b.d lkE.9 
194.1 857.5 92L.i 

111.6 171.8 835.5 
698.1 754.6 815.f 
614.9 128.9 787.2 

3498 3193 1111 
3#E 3696 1fOb 
3213 35% 3815 

1719 1891 2t5h 
1764 184E 2 m  

.------ ------- ------- 

1636 im 1924 .------ .-----. ___-___ 

s1816 
,0171 

6668 
166.8 
66.68 
113.4 

6621 

I 
666.8 
8nI.2 
llw 

916.2 
880.2 
856.2 

1154 
1341 
1171 

2221 
2176 
2 1 5  

------- 

------- 

-*----- 

2221 
2171 
2185 

:..x... 

12312 
861.1 
123.1 
65.51 

11289 

0 
1231 
1181 
1851 

I666 
1629 
1571 

8389 
8119 
1861 

1191 
m 
3932 

------- 

------- 

------- 

13338 11396 
933.1 In8 
133.3 114.1 
58.22 58.22 

12215 13186 

n I 
1333 1111 
1M1 1728 
1999 2159 

1199 1913 
1759 1911 
1100 1835 

9173 9803 
881b 9558 
8566 9191 

1536 4W1 
1123 1119 
1253 1596 

-----.- ------- 

------- ------- 

------- ------- 

I5548 16191 18135 
1088 1175 1269 
155.5 161.9 181.3 
58.22 58.22 58.22 

11216 15396 166i3 
------- ------- ------- 

# 0 n 
979.8 11158 1113 
1116 1216 1311 
1178 1587 1711 

1323 1128 1513 
1233 1391 1508 

------- 1219 --*---- 1319 _______ 1157 
6602 7175 mS 
6136 6996 7561 
b18b 61% 7270 

I I 6 
1555 1679 1813 
1866 2615 2176 
2332 2519 2nd 

2899 2267 2118 
2652 2216 2394 
1982 2111 2312 

111592 11114 12361 
11328 11158 12656 
9931 lR31 11593 

5296 S l 2 Z  6182 
5lbk 5519 he28 
1966 5365 5191 

------- ------- ------- 

------- ---.--- ------- 
-5ll.k -955.6 -1828 859.0 941.1 1010 Ilk4 1246 1368 1181 1611 
-5ll.k -955.6 -1828 831.1 926.8 1112 1119 1213 1324 1112 1569 
47l.k -?55.6 -1828 798.2 881.1 969.6 1963 1163 1278 1385 150l 

=xx:t:x :..:.xi .ass... .=.s=ra ..XIUX xssx.ts ilx*:s. s;ix.s: ::::x.= ===sisi s:xxsxz 

311 3588 3818 
3218 3198 3781 
193 3363 3635 

.*:=t.x za..x:. D*..t=. 

1191 1536 1911 5296 5122 6182 
1096 1123 1119 51bk 5519 h628 
3932 1253 1596 4966 5365 5197 

.tsxsa. ..ai::= :ax:.... ISXIS~Z = t : x t : x  aa:a*ss 

-571.1 -955.6 -1R8 859.1 947.0 1IkI llld 1216 1366 1181 1611 
-571.1 -955.6 -1828 831.1 928.8 1112 llt9 1213 1321 1112 1569 
-571.1 -955.6 -1828 198.2 881.1 969.6 Id63 1163 1219 1385 15H 

I 61.19 89.H 211.0 221.1 281.8 187.1 ll2.8 159.2 146.6 135.1 
72.17 115.6 831.1 I 0 I 0 I # I 0 
288.7 162.5 3358 I 0 0 I 0 # 0 I 

1719 is?? zest 
, 1711 184t 2N3 

1636 1115 1924 

128.1 122.1 111.C 
I 0 n 
6 I B 

2227 
2116 
2085 

113.4 
0 
I 

911.2 
886.2 
858.2 

3211 
3161 
3819 

------- 

t...... 

2112 2619 2822 3152 
2351 2543 2151 2915 
2259 2411 Uk1 28-56 

169.3 189.3 169.3 169.3 
0 6 n I 
I 0 0 0 

3311 3588 3878 
3218 3198 3181 
193 3363 3635 

109.3 72.86 72.80 
I I I 
0 I .  6 

1191 1536 1961 5291 5722 6182 
Mod 1123 1119 5161 5519 6628 
3932 1253 696 1966 5365 5197 

65.51 S8.22 58.22 56.22 58.22 58.22 
0 I n I 0 0 
I I I I I I 

0 
6 
I 

-193.9 
-193.9 
-793.9 

imiax.. 

----.-- 
I 
I 
n 

-1211 
-1211 
-1211 

-----.... 

x..... I 

386.1 - 3n.s 
3bk.6 

1186 
1153 
1181 

----I-. 

axssaaa 

411.0 - -4ol.f- 
393.8 

1586 
155I 
1191 

----.-- 

..x I... 

158.3 
-211.3 
125.3 

1695 
1hS6 
1599 

------- 

.llX... 

186.3 

459.3 

1811 
1773 
1711 

4n.s 
-I----- 

.l..X.I 

525.3 
3133 
196.1 

1944 
1986 
1832 

------- 

..I.*.. 

612.7 661.7 
599.8 bU.8 
578.6 624.9 

22ld 2w 
2188 2352 
2110 2267 

------- ------- 

.l....t s.i.1.1 

711.6 
. $98.7 
671.9 

2592 
2531 
2439 

I a a. as . 

ll1.8 
151.6 
128.9 

21911 
2125 
U21 

------- 

.a. 1.11 

833.5 
813.6 
187.2 

3##1 
2936 

--e---- 

me 
=1...1. 

972.2 
-9sO.6 
918.2 

3193 
3111 
3286 

------. 

x:xx..x 

1951 
1#21 
991.7 

3168 
3619 
3515 

------- 

XIDXII. 

1131 
1169 
1971 

&I66 
3969 
3821 

-I----- 

. . x 1% ¶ 

1225 
1197 
1157 

1386 
1282 
1126 

----I- 

....... 

1128 
1391 
1349 

519 
1961 
4189 

---c--- 

......a 

1666 
1629 
1511 

5926 
5781 
5571 

------- 

s......a 

1199 1943 
1759 , 1WS 
1710 1835 

6391 6913 
6 21 1 6738 
6011 6169 

----*-- -I----- 

lXl...X ...x..x 

Table 6.4 
Pahoa Industrial Park Study 

Revised Steam Price 
( $000) 
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FINANCIAL SUMMARY 

-ion 1 Option 2 Option 3 
10% Royalty 12% malty 15% malty 

Present Value at 
Fbllawing Discount Rates: 

7,004 $ 6,722 $ 6,301 
2,861 2,684 2,419 

15% 
20% 
25% 738 617 436 

After-Tax DisoounU Cash Flow: 

Rate of Eaeturn 27 . 8% 27.4% 26.7% 

payback 5.8 years 5.9 years 6.0 years 

The ODnClusion fmn this analysis is that a stem selling price of 

$5.93/MBTU is adequate and gives an after tax discounted cash flow rate of 

return of about 27% and a 5.9 year Fayback. plis return is relatively 

insensitive' ts the myalty rate in w range of 10% to 15% royalty. 
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ANALYSIS OF EXHANOL PLANT AS ANCHOR INWSTRY 

Using the amputed steam selling price of $5.93/MBIu, the ethanol 

plant vas re-analyzed. Other than the steam price, all inputs are the same 

as used in the initial analysis. Table 6.5 shows this financial -el. 

Ekm this &el was ocmplted an after tax discounted cash flow rate of 

return of 40.1% w i t h  a payback of 2.6 years which indicabs that the etha- 

nol plant is s t i l l  an attractive apportunity on its awn, even with the 

higher steam axt. 

I 
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Investment P r o f i t  before Income 
and other Depreciation & Taxa b l  e a f t e r  

End o f  Year Cash Flow . Income Tax Income I - l a x  Tax 

0 ( 18853) 
1 3770 9048 6893 3447 3446 

3 10554 8864 4432 4432 
4 1 1398 9901 4951 4950 
5 12310 10984 5492 5492 
6 13294 12120 : 6060 6060, 
7 14358 , 13318 6659 6659 ’ 

8 15507 14586 7293 7293 
9 16747 15931 7966 7965 
10 18087 744 17343 8672 867 1 
11 19534 744 18790 9395 9395 
12 21 097 744 20353 10177 e 10176 

I 13 22784 744 22040 11020 11 020 
2 14 24607 744 23863 11 932 11 931 

15 26576 744 25832 ’ 12916 1291 6 
16 28702 744 27958 13979 13979 
17 30998 744 30254 151 27 151 27 
18 33478 . 372 331 06 16553 16553 
19 361 56 361 56 . 18078 18078 
20 39048 39048 19524 19524 
21 421 72 421 72 21 086 21 086 

45546 22773 22773 
491 90 24595 24595 

22 45546 
23 491 90 
24 531 25 531 25 26563 26562 
25 57375 57375 ” 28688 28687 

2 9772 7864 3932 3932 1 

Total 
Cash 
F1 ow 

( 18853) 
9371 
5840 
61 22 
6447 
681 8 
7234 
7699 
821 4 
8781 
941 5 

101 39 
10920 ’ 

11 764 
12675 
13660 , 

14723 
15871 
16925 
18078 
19524 
21 086 
22713 
24595 
26562 
28687 

Financial Sumnar 
--lGmm?x 

15% 2ox 25% 
Present Value $39,784 22,770 13,079 
After tax discounted cash f low 
Rate o f  return:  40.1% 
Payback: 2.6 years 

Table 6.5 
ETHANOL PLANT FINANCIAL ANALYSIS I1 (STEAM AT $5.93/MBTU) ($000) 



Ethano l  Plant Summry and Conclusion 

I t  appears that an ethanol plant using bagasse and ma? as feedstock Li 
muld be the mst likely industry to succeed in the geothermal industrial 

park setting either as a amponent in an moing  park or as a pioneering 

industry cn its a. Ihe feedstock is amsidered reasonably available and 

the market potential for the ethanol pmduct to pmduce gasoh1 is 

prcanising. 

e v e r ,  significant risk is associated w i t h . *  m s s  selected. 

Before an invesmr can be attracted, more definitive information is 031)- 

sidered necessary cmcemhg the acnq?lete pocess technology. Data is 

especially needed cn the specific mss perf&ce using sugar cane 

bagasse and Hawaiian mods such as *a, eucalyptus and leucaena as 

feedstock. 

Froan the technological e v e l o p e n t  stanapoint, a reasonable tine frame 

of less than 5 years is estimated to plan, construct and place in -ration 

a aclrpllercial-sized ethanol plant once the process is pwen. 
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PAKTB: CACITLEFEEDMILL 
I i~ - -  I _  

Introduction 

%he pmposed cattle feed mill to be located in the Pahoa Industrial 

Park is designed to produce 240 tons per day of a cattle feed mughage 

ccsnponent. 

%he pro&ss involves separating, washing, 

trucks 600 tans per day of sugar-cane leaf trash 

feed m i l l  at the-industrial park. Here the leafy 

inw 1-1/4" x 1-YP particles to be xnrketed as a roughage cunpomnt of 

ivery b the cattle 

. 
I 

cattle feed in both Japan and Hawaii. 

are bagasse and cane strippirrgs ' .  

w i t h  emphasis on cane str s because ts higher feed 

cane mists r 

leaves, whereas bagasse is mainly the fibmus rmd pithy portion of the 
I 
1 stalk.  Ihestr (60 - 70% water) and 
I 

lower in fuel value 
~ 

1 -  

%he volume of sugar cane leaf trash of 600 tons per 24 

(approximately 70% nois ams able 

the leafy cane 

a boiler. zherefore, 

satisfactory negotiat be made with the Funs 

Sugar M i l l  to cbtain the cane trash in exchange for electricity pmduced by 1 

I the industrial w k .  Ebr the process evaluation, , 

1 
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L . 1  cane trash is e s t k t e d  to cost $30.00/ton. 

costs are inclded for hauling the cane leaf 16 miles fran Puna Sugar !fill 

to the industrial park. 

In addition, transportation 

Description of Dry ing and cubinq Process 

'Ibe sugar cane leaf trash is separated fram the stalk a t . t he  sugar 

mill, where it is &ed and chopped into lengths w x i m a t e l y  4 inches 

long (Figure 6.4). %e cane-trash is then caweyed 

it is -sed inb loaves on bales approximately 30 f ee t  long, 8 fee t  

wide and 6 feet high. 

a cmpactqr *ere 

The aanpacted loaves are then transported rn law bed meyor type 

bot- trailers to the industrial p r k  where it is fed into a twin drum 

bale breaker via an elevating a31weyor. mce the leaf trash is separated, 

it is mnveyed at constant miform speed inb a rotating drum type dryer. 

A control' system is used to maintain constant steady qera t ion  which  is a 

critical factor in the drying process. 

'Ihe cane trash is dried by forced k a t  mnvection in the dzyer 

furnace: In#ming air is m a t e d  by geothermal stem to 350°F via heat 

exchangers. The air -ratme is then further elevated by muting the 

air through the burner front of the furnace. A d r a f t  fan linked to the 

control system regulates the air flow in and out of the furnace. 

'Ihe rotating drum dryer is under nqa t ive  pessure and as the dnnn 

rotates, fl ights inside the drum mve the material through heated air from 

the inlet to the discharge a. Ihe k a v i e r  dried materials drop out of 

the bottan of the chambers into a chain type f l igh t  conveyor. The fines 

are collected -ugh cyclone separators and also drop cn the conveyor. 

b*' 

6-44 



ail 

i 
f 

a- 



Ihe dried material leaving the drier is conveyed ugh a vibrating 

screen to sift out the fines unsuitable &r cubing. Ihe fines collected 

are returned to the fuel feed system where it is mixed with other materials 

for fuel into the dryer furnace. 

After sifting, the leaf trash is passed through a cube cooler to lower 

the temperature prior to ent&ing the cubers. lbe leaf trash fran the pri- 

mary ooolers is then 2 fed into a mdified pellet m i l l  where it is ampressed 

into 1-1/4 x 1-1/4 inch cubes (Figure 6.5) . 
Electrical R a p  irements 

Estimated pwer requirements to -rate the plant w i l l  be approxima- 

tely 1240 hp or 23,800 )rw/hr./day. This is conservatiVe as sane of the 

motors w i l l  be cycling. 

'Ihe cane cc other leaf trash is collected, washed am3 pmcessed to 

remove d i r t  and rocks at Puna Sugar M i l l .  The raaterial is then omveyed cc 

otherwise loaded in- a trash onpactor. when a load of trash has been 

canpacted it is a u - t i d y  ejected cn to  a storage aonveyor in line with 

the discharge end of the axpactor. The storage axveyor holds the 25 ton 

CQnpacted load of trash until it is transferred to a oonveyar bot- 

trailer. The trailer is then hitched to and piuea by a diesel highway 

truck tractor to the perk for drying and cubing. 

'Ihe cost of the axpaction equipent at the Puna Sugar M i l l  site w i l l  

be about $68,000, with the station requiring U S  hp to p r a t e  the-anpactor 

and related aornreYing equiprrPent. Pdditional equipent &ed at the 

Puna Sugar Mill is estimated ho cost $500,000. 
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Dryer Plant 

The dryer plant requires 72 MBTu/hr. to provide a 600°F drying 

temperature. Agpmxhately half this requirement OT 32 MBTu/hr. is pro= 

vided by -the& energy in an air weheater for the dryer furnace. 

remain- 40 MBTUhr. i s  muced by b i n g  1.5 tons of wod chips per 

hour, and 1.4 tom of process fines per bur. Wood chips oost $30.00/ton 

delivered to Pahoa fran M a  forest lands near Pahoa. 

available at 375" can aily pmvide part of the heat requirement of a 600°F 

dryer temperature. &e estimated oost of the dryer 

equipnent as shcpwn in figure 6.4 w i l l  be approximately $2,500,000. 

Ihe 

Geothermal heat 

and a . ~  related 

e 

system 

It is estimated that the transport system a r  msving the cmpacted 

cane trash fran the m i l l  WMild *re at least four conveyor bot-, 

module handuing trailers transparted by three Kemmrth or equal diesel 

highmy tractors w i t h  lydraulic pwer packs. Ihe pwer pxks klDuld qerate 

the transfer ~ ~ n v e y c r r ~  CUI the beds of the l o w  bed transport trailers. %e 

system w i l l  also require a diesel-wheel-type tractor to mwe the ocmpacted 

loads of trash from the storage shed area CUI b the receiving and elevating 

amveyor system. 

outlined will be $446,000 plus freight .fran the West Cbast, estimated at  

20%, for a total estimated oast of $535,200. 

%e estimated oast of the highway transport system as 

Plant Fac i l i t i e s  

Storage 

loads at the Pah0a-r site due to the frequent r a h f a l l  i n  this area. 
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An alpn front 3-sided building 50' x 150' (7500 sq.ft.) with a 1 2 W "  &e 

U height is suggested. 

'Ihe estimated aost 

A mill building to buse screening e q u i P a e n t s  is necessary with a si- 

mary muct amler, distribution --# machinery suppOrtirrg 

platforms, stairs and walbays, -cabers, cube cmlers and a-&ghouse 

including a fire sprinkler system. 'Ihis.building should have an ea= 

height of 20' w i t h  a b t a l  area of (7,500 sq. ft.). 

Estimated -t of this building wuld be $lsO,OOO. 

- .  cube cooling '_ 

A finished cube amling and storage huildhg is needed for flat pile 

storage during the bm week cmlirq period. %he rxlilding mst be sized b 

acammdate 60 

(30,000 sq, ft.) with a 15 f t .  eave height and a fire sprinkler system. 

per day. %'his would require a structure 100' x 300' 

Esthtated ,-t oif this building WUld be $450,000. 



oPERAT1a REQUIREMENTS 

Employees 

If that the leaf trash drying and cubing plant is located in the same 

general area as the ethanol plant and is operated by the same ccmpany, the 

same administration and maintenance forces as outlined for the ethanol 

plant could also be used to zdmhister and maintain the trash drying and 

cubing plant. It is estimated that the plant cuuld be aperated by 5 per- 

sons per sh i f t ,  for a to ta l  of 15 opera~rs. The annual estimated cost of 

operation 

is $486,000. 

the‘cattle feed pmcessing plant w i t h  15 fu l l  time qloyees 

Truckdrivers 

Ebur truck drivers per shift  would be needed to operate the transport 

system. ’Ihe annual estimated a a s t  Sor these drivers is $861,537. 

MARKETING 

Cattle Needs 

Cattle mst have fiber in their diets. The minimum level a€ fiber in 

the ration is 18% for dairy and %12% for beef. If there is a fiber 

deficiency, other nutrients are mt effectively utilized, resulting in 

poor anirnal perfoxnance. %e ~ ~ ~ K Y M . I .  and inefficient animal metabolism 

caused by fiber deficiencies can be offset  by including a sufficient fiber 

level in the ration. 

requirements can be nret by including a min- in the ration. In other 

words, if the ration requirement =re 18% fiber, this level can be attained 

us- much less material if  the material used is high in fiber. Sugar cane 

by-products such as cane strippings amtain approximately 44% fiber as 

Feedstock w i t h  high fiber is important and the 

” 
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cempared to high quality feeds such as alfalfa *ich contains fran 20-28% 

V fiber.. Weas meding to met minimum requirments m d y  can use 

I between three to five pounds of high-fiber materials such as cane istrip- 

in the ration. 

Physical Cansiderations of Feed 

Since the pmducts mer mideration are being used tD satisfy fiber 

requirements, the integrity of the fiber is critical. In ~ s s i n g ,  the - - 

product should be shredded instead of being cut. kngth of fiber frm 

acceptable;. m a d r y  content, ash should be below 10%. A pre= - 

would be that the final product aontain sane green 

~ 

1 

growing starting =*rial and thepes carotene, a pecursor of 

~ 

I 

Market POtRntial 

Hawaii impartS 25,000 to 35,000 topis of mughage each year to 

satisfy the needs of tfie dairy and beef industries. Cubed alfalfa is me 

of the items inrpartea in large quantities along w i t h  such materials as 

ahmd hqU, cpttO3lseea lmll  and other high-fiber by-pmduct feeds vhich 

basically provide fiber for the cattle in Hawaii. *!&e S ta te  knports apprwci- 

mawy me ton of roughage for-each of the 12,000 dairy and 15,000 beef 

cattle on feed throughout the year. !he mket nmains ndatively coplsbnt 

despite at- 

S e e .  Sugar and pineapple occupy the agricultural lands with m l y  

develop feed end forage for livestock production in the 

l imited lands mailable for feed and forage production. 
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The beef and dairy farming businesses in Japan are facing d i f f icu l t  

situations at  the present time due to: (1) limited farm space, (2)  low 

breeding rates, (3) high rates of metabolic diseases causing low 

productivity, and (4) severe shortage of roughage. 

Dairy fanners and ranchers in Japan ful ly  realize the necessity of 

feeding mre roughage to their 1 

it by feeding importea 

t, having an *rse effect on the hed~th, reproduction, and overdl 

productivity of the herds. Bast mcc3rds show that var 

associatioIls, prefectual gwernnlental institutions, and l ivesbck  raisers 

have pt a great deal of effort inb upgrading the rate of self sufficiency 

in roughage. Fecent data maks it clear that domestic self sufficiency in 

mughage is cnly 20% or possibly less in all areas of ~apan, other than 

Mokkaido, the rmthern mst island. &cent autaaaation in harvesting rice has 

adversely affected the availabil i ty of rice straw as a mughage. 

While the rshortage m t i o n e d  in the SCKegoing paragraphs is bo some 

e x m t  being relieved by imports fran the United States and the peoples 

Republic of China, there is s t i l l  a shortage of approximately 300,000 tons 

of roughage. 

1. Japan requires approximately 3,500,000 metric tons of &rage 

to be self sufficient. 

2. Ihe shortage of roughage in Japan is estimated at 700,000 

3. Sixty percent of this shortage, 420,000 metric m, i s  made 

up by importea alfalfa. 

bv 
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4. Forty percent of this shortage, 280,000 metric tons, is to be ' 

made up of s t r a w  and other available mughages such as cane 1 W 
StriRings 

5. Because of the agricultural aukmation in Japan, rice i 

straw. 
- 1  

I fn cansideration of a market, one iwst oonsider both Hawaii and ~apan 

be able to sell suff t volume to warrant the capital 

. IheFhysicalhandl including cleaning, 

dhcyins, Ocmpressihg, 

mica l  mdifications of the prud 

offer a satisfacbry investment. Hawaii's 

ibly physical and che- 

ires a sizeable market in &r to 

straw is, in reduced supply. 

6. Sugar by-pmducts are gaining interests; Taiwan and the 

Philipg?ines are shipping a limited supply of cane top to 

Japan. This supply is very limi 

l;he Wicing of.intemediate Wity &rages in Japan will be 

< -  

7. 

I 

.' w 

alone is insufficient. 

!Ihe major feed and forage inrport, 

Japan, are shown in Table 6.6. 

of feeds inqork3 into Japan. 

beet ptlp have increased greatly 

time, the inqorts of forage, including cane tops have decreased. Japan 

needs scune intermediate to good mity roughages. 

mal, a l fa l fa  cubes and 

977 to 1979. While at-the same . . .  - ,  
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L*/ 
Carrmoaity Origin Imp1977 Imp-1978 Imp1979 

Wheat Bran Pellets 

Beet Pulp 

lap seed Meal 

Alfalfa Meal pallets 

Alfalfa abes 
(Including Ipil-Ipil) 

Alfalfa mes 

Canada 1,606 MT 651 MT 3,530 MT 
U.S.A. 19 321 26,671 2,957 

Canada . ll3,343 MT 85,ll5 m 85,689 MT 
U. S .A. 

Canada 
U.S.A. 

Canada 
U.S.A. 

Canada 

Canada 
U.S.A. 

Canada 
UoSoA. 
china 
Taiwan 
mipines 

Canada 
U.S.A. 
china 
Taiwan 
Philiphes 

china 
Taiwan 
Philipines 
Thailand 

10 1 , 924 - 
125,120 MP 140,820 145,143 Mp 

38 16 10 

4,963 MT 3,000 MT 7,294 m 
172,738 292 642 458 554 

1,573 MT - 1,648 

l38,409 MT 175,526 MI! '203,363 Mp 
121 , 989 ' 120,840 lJ.9 , 174 
1,100 m 808 MT 14,752 Mp 

137 183 193 465 276 , 604 - ' 1,287 2,995 
2,071 

1 344 232 20 
- - 

- 465 MT - 
27,648 MI 44,843 m 53,086 
23,681 ll 590 25,373 

51 446 589 
2 328 853 889 

60,211 MT 
14 447 
9,061 
1 946 
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Crude Crude Crude Crude 

e-- $220 (55) 

-- $212 (53) 

--_- $204 (51) ---- 
Guinea Grass (Hawaii) 

Cane Tops eTa2wan) 4.2 $220 (55) 

4.5 $220 (55) 

13.12 * 27.6 -e-- ---- 
OI ---- --I 

I 
VI 
VI 

Alfalfa Hay 50.0 10.3 $276 (69) 

17.0 Min. 25 

7.9 53.k 10.3 $252 (63) 

Sudan Grass 12.3 51.8 ” 5.5 $260 (65) 

Cutting Clover (China) 

Pineapple Meal Pellets 

Beet Pulp ._ 3.6 67.2 4.3 $240 (60) 

Soybean Meal 45.8 4.8 1.4 5.8 75.3 42.1 $332 (83) 

Rice Straw 4.2 20.6 1.7 15.4 37.8 ---- ---- 
Copra Meal 21.8 7.6 8.5 5.3 70.4 17.5 $260 (65) 

5.0 68.1 --- 
1 

TABLE 6.7 COMPOSITION AND VALUE OF FEEDS IMPORTED INTO JAPAN 



FINANCIAL MIALsYSIS - cp3cTLE E'EED MILL 

24 hrs./day, 300 days/year 

Canpaction Equipnent 
Puna sugar Mill Alteration5 
Transport Sys- 
Dryer Plant 
Storage 
M i l l  Building 
cube Qoling Building 
Design, Ehgineering, CBnstruction Management 

cosl(12% of Qnstruction mts) 
sub mtal 
15% contingmcy 
TmALIMlESlMENT: 

selling Frice $l20/ton @ 72,000 tons/yr. 

lvlatREvENuE 

Geothermal 
(25 MBTU/hr. x 24 hrs. x 300 days x $2.67 MBTU) 

mod chips 
(2.5 -/hr. x 24 hrs. x 300 days x $30/ton) 

Electricity 
(992 Rk/hr. x 24 hrs. x 300 days x $.08/lwh) 

*=- 
(15 x $U.SO/hr. x 8 hr./shifts x 300 days) 

Truck Drivers 
(12 X $29.91 x 8 hr./shifts x 300 days) 

I n v e s m t  Tax Credit: 10% 

$ 68,000 
1,000,000 

535,200 
2,500,000 

85,000 
l50,ooo 
450,000 

574,584 

$5,362,704 
804,418 

$6,167,202 - 
$8,640,000 

$ 480,000 

540,000 

571,392 

5,400,000 

36,000 

486,000 

1361,538 

$8,375,530 

Tax Depreciation: 

Tax Rate: 50% 

U.5 years - W e  Declining Balance 
Zero Salvage 
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Investment and Profit before 
other Cash Depreciation & 

End o f  Year Flow Income Tax 

0 
1 
2 
3 

- 4  
5 
6 
7 
8 
9 
10 
11 
12 

cn I 13 
w 14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

(6167) 
61 7 294 

31 8 
343 
370 
400 
432 
467 
504 
544 
588 
635 
686 
740 
800 
864 
933 

1007 
1088 

1864 

Depreci a t  ion 
for 

Tax Purposes 

4 
778 
663 
565 
481 
41 0 
349 
309 
309 
309 
309 
309 
309 
153 

.. 

, ‘  ’ 

Taxable 
Income 

(620) 
460 

.22 
118 
195 
235 
279 
326 
377 
431 
647 
864 
933 

1007 
1088 
1175 
1269 
1370 
1480 
1598 
1726 
1864 

Tax - 
(310) 

” 11 
59 
98 

118 
140 
163 
189 
21 6 
324 
432 
467 
504 
544 
588 
635 
685 
740 
799 
863 
932 

Financial Sumnary 

IRR: 7.75% 

pv( 12 O*J’ 5: /10031 1666 I 152):(2392) 

Table 6.8 
CATTLE FEED MILL 

FINANCIAL ANALYSIS ( $000) 

Income Total 
after Gash 

F1 ow Tax - 

59 
97 

117 
139 
163 
188 
21 5 
323 
432 
466 
503 
544 
587 
634 
685 
740 
799 
863 
932 

(310) (:I# 
421 
408 
406 
426 
448 
472 
4 97 
524 
4 76 
432 
466 
503 
544 
587 
634 
685 
740 
799 
863 
932 

( 40) 
11 

K2t7’ 
548 
503 
468 
44 1 



, 

Cattle Feed Mill Sunanary and Conclusion 

The after tax discounted cash flow rate of return of 7.75% is too low. 

Further evaluation is necessary to refine the costs. m e  pirticular uncer- 

tain item is the cost of b m s p r t a t i o n  to Japan. A collservative figure of 

$40.00/ton is assumed. 

%ere are also rncertainties about the ability to pnetrate the,tIawaii 

feedlot and dairy industries. &cent infomation indicates that guinea 

grass produced QL Wokti can be delivered to the feedlot for $58.00/bn. 

Feedlot operators advise that quality and grice nrzst oempete w i t h  that 

SS8.00 price. This ible using the feedstock and process 

selected for the cattle feed mill. 

Therefore, the Japanese expr t  market b be attractive &r 

the product fran the pmposed mill. m v e r ,  the tramportation Qost for 

delivery in Yokchama and a long term sales qreement muld be &&red. 

Most  significantly for this study, the ecoplQpies that result from the 

use of geothermal steam are not large emugh to be the determinant in the 

success of a cattle feed m i l l .  

A t  this time, it does Hot appear feasible to further consider a cattle 

feed m i l l  for the Pahoa ocmnercial park. 
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PAKt C: PAPAYA PFOCESSIN% 

w Introduction 

%his analysis amcerns the feasibil ity of locating a papya processing 

and/ar fresh pcking fac i l i ty  h a geothermdl industrial a t  p$hoa. 

Because over 75% of the State's pmduction of papya is located in the 

pah~a area of the Rig ~sland and because 'the papya industiy expansion 'can 

benefit the msidents of lower Puna oonsiderably mre than other potential 

irdustries, the study effort concerning ppaya was extensive. 

 he analysis revie& the following: 

- Marketpotentialforpapaya 

- product characteristic, channels of distribution, -tion stra- 

tegy and pricing strategy 

- Current papaya industry M S  and pmblems 

- Supply projections for fresh and pmcessed papaya 

1. Fresh picking caily. 

4. Fresh packing and p m e  pmcessing i n m a t e d .  

processing 

-1 TIE HmAIIAN PAPAYA INIXZSTRY 

Overview 

In 1978r the Sta ii produced aFproxhtely 14,849,000 pounds 

of fresh papaya. This represented a value of $9,510,000 or 2.7%1 of the 
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value of all Hawaii crops. As a crop, papaya ranked 4th i n  production, 

behind sugar, pineawle and rrracadamia nuts. c 
In 1979, extreme temperature variations, severe rainstorn, and flash 

flooding damaged many acres of papaya trees and enhanced disease in many 

nme. As a result m l y  10,189,000 pounds of fresh p p y a  was pmduced in 

197gO2 The industxy is s t i l l  recovering from this set-back and is mt 

expected to attain the 1979 levels of Fproauction rntil 1981. The Papaya 

Administrative carmittee (PAC)* pjects the-pmduction, marketing and si- 

ces of fresh papaya. meir pmjection of mya b be mld at  the fresh 

Year 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

- 

**35 . 0 

65.0 

70.0 

75.0 

80.0 

17 0.5 

19.0 

21.0 

23.0 

25.0 

In my, 1980 the state's b t a l  acreage in papaya crop was 2975 acres 

as aanpared to the 1979 high of 3,245.3 Bx center of the papaya industry 

resides in the Puna d i s t r i c t  of the Island of 

the state's pmductive capacity. This relationship is expected to oontinue 

and maintains 75% of 

* Wivate agency responsible for papaya market developnent 

** Setback due to severe weather conditions and m r a t u r e  variations. 
- 
b@ 
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OJ 
since Maui's Princess orchards qeration is ming out and m u ' s  orchards 

are used mainly for supplying the Oahu market. Kauai is rapidly developing 

a papaya industry, however the Island of Wii is expected to continue 
t .. * . -  

' pmducing 75% of the State's papaya crop. 

The Market 

%his analysis th three types of products: Etesh 

. A t  present, only fresh and puree 

papaya have a significant t. Xn 1975 approximately 41 million pounds ' 

of fresh papaya and marketed, while over 2 million potlnds of 

-Due to the lack t infomation dried fruits from 

and thi established market in 

itxus, fresh fruit 

in &e U.S.., has generduy been increas 

TABIE 6.9 FRESH FRUIT -a IN DE U.S. 

PERCAmiiA 
muNr60F 
cANNEDQEE€mN 

F'€UJIT JUICES 

24.2 

29.1 

32.4 

1975 3.0 52.6 28.7 34 . 
1976 2.6 55.2 28.5 34 . 

7 2.5 54.4 25.2 33.2 

1978 2.0 55.3 26.3 34.0 

1979 2.3 56.2 24.3 35.7 
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Dried f ru i t  Oonsmption has generally decreased since 1960, but has 

recently derrvonstrated a p s i t i v e  trend. 

The reasons for the increase i n  f r u i t  product consumption per capita, 

ard in @tal dollars of production, is due to changes in  the values and 

attitudes of amsumers.  sential ally, these trends are as fo11aw~~5 

1. *re is a trem3 bward increased total family inane and miller 
imseholds which increases family disposable and discretionary 
illcane. 

2. 

3. 

Households are generally younger and willing to try new things, 
such as eating ethnic type foods. 

people are eating out ~lpre. Eating away fraa hme is up 50% per 
capita, and zestaurant sales account for ahout 35% of this hcrease. 

4. -le are losing their "sweet both" and becaning mrre 
nutrition aanscious. A recent suwey by Wmen's my 
Magazine indicated that 71% of their muen respandents said 
that nutrition was their primary concern planning 
meals. 77% of those surveyed indicated that this interest  
in nutrition had mshmmed within the last few years. 

These favorable demands and attitude trerxls indicate an qqortunity 

for the papaya industry to expand to new markets. papaya is considered 

an exceptionally nutritious food w i t h  seven cunces of payaya containing 

approxh te ly  3,500 Units of Vitamin A and 80 calories.6 

Papaya Product Characteristics 

!he primary mutt of the papaya industry is the fruit sold fresh to 

the =tail amsumer through grocers and restaurants. These papayas m i d e  

the grower with mst of his ineome, an average of $0.2 - $0.3 per pound. 

The puree and dried ppaya mst be considered by-pmducts of the industry 

since it only -ides the fanner with an average of $.03/lb. 

Fresh Papaya 

The Papaya a i n i s t r a t i v e  

the marketing of fresh papaya. 

mittee establishes quality standards for 

These standards, b sane degree, determine 
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the p p o r t i o n  of total pmduction available for the fresh and process 

markets. -Sme luwering of standards occur during 'times of short supply 

w i t h  elevating of stand uring during times'& surp1u.s m u c t i o n .  

~n the fresh fruit market, quality standards are essential and scwe cuntrol 

is needed. 

to continue. 

W 
i ,i 

'Ihe aontrol currently gmvided by usm inspectors is expected 
I 

\ 

Papaya Puree 

%e market for canned fruit nectar is w i n g  rapidly as people turn 

froan sweet sodas to mre natural and balthy fruit juices. Cunpanies 
. .  

such as Kerns and Wadow mid* have demnstrated the ability to mket the 

tars' of exotic as as 0311p110n juices. 

Although canned fruit juices have had mrre success in acmparison to 

frozen pree, s ~ a e  prospects of amcentrated paducts appear encouraging. 

The "aseptic" p-ocess of producing nectars allows a mnpany .to package 

individual cans that he stored at man temperature incexnuchofthe 

wrld does not.= frozen foods regularly, this new pmcess F i d e s  a 

significant advantage aver frozen juices. 
~ 

. 

1 

sold in health 

tDbeabletopro- 

the same si2 
," 

I * Meadow Oold is the local producer/distributor of dairy/dairy pmducts and 
processed juices. Ksrns is a n a t i o ~ I . 1 ~  reputable firm involved in 
canned fruit juices. 

* /u 
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Lid 
If these product characteristics are -curate, dried papaya can becane 

an alternative use for sub-standard papaya. 

a health f 01: snack aich is distributed in kilk to another processor or 

This pmduct oould be sold as 

padcaged for final Cxmsmption. 

Dried f ru i t s  and nuts are i~~yllryg the Ilpst acIIlIIlon and best selling areas 

of many supexmarket c~1ains.7 sane authorities estimate this segment is 

growing at 6% a year - &ice that of other grocery products.8 
8 

This study w i l l  assme the characteristic of the dried 

indi 

for further packasirg and . Gontinuous Fgoduct developaent effort 

must be pmided in the krsiness'plans of any mganization ineorporatirrg 

this new process. 

and further assume it will be packaged 

orange juice, grapefruit and other breakfast fruit and juices are 

papaya's mst direct ampetition. G~SLEIEKS tend tD cmnsider papaya a 

breakfast fruit. '&erefore an effective marketing plan should emphasize 

the versatility af the fruit, 

Fresh papaya may be positioned as a low calorie dessert. Similarly, 

the fresh and dried papaya may be considered a nutritious and healthful 

snack. The ptree HBY be &veloped as the base for al.l4ay, refreshing and 

healthful drink as well as a base for use in  cakes, yogurts and ice cream. 

In smnary, the industry should pranote papaya mucts as a 

nutritious, healthful and natural Eood that can be used w i t h  any meal ar as 

a between meal refredment and SMcIc. 
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channels of Distribution ~ 

ChannelMembers I 

At present, papaya packers sell 75% of their production directly to 
b/ 

retailers or through a major marketing am, Wse marketing arms may be 

organizations closely associated w i t h . &  packers such as W .  papaya’s puna 

processsors or totslly.independent such as Puna Papya’s Californian 

~vocado Oooperative (Calavo). 

~staurants  also provide-a potential market for fresh papaya and papya 

p. While this channel of distribution may not provide the volume of 

other cknnels, it can serve to introduce m w  c u s w  tn the p.”oducts. 

This trend, coupled with a tion effort &at ates with restaurant 

a whole new market (restaurants) is well as stimulate 

channels 0 

Physical Distribution 

U.S. Mainland i s  the largest market 1sor mya. 

papaya are listed below in the 

order of the quantities received: 

1. lbs -des 
’ 2. San Francisco 

30 Seattle 

6. Chicago 

8. Minneapolis 

f 4. partland 
L5. N e ~ Y o r k  

70 Demit 

90 
Washington, D.C. 

Other major markets include Japan and Canada (mmnto and Van#xlver). 

Markets outside the United Sktes  appear a t . h l ~  for developerit. 

Many awntries around the world are followirag trends similar to those in 
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the U.S.I and thus creative marketing and product developrent strategy 

could open these new apportunities. This analysis concentrates c01 

marketing papaya to the U.S. as marketing to fnreign oountries involves 
L 

facmr!s beyond the xope of this study. 

The uncertain availability of overseas transprtation cap?led w i t h  high 

tramportation axts  are definite omcerns of the papaya industry in mii 

cotmty. %he basic transportation alternatives for the Island of m k i i  to 

points w i t h i n  the United States are shown in Table 6.10. 

TABIE 6.10 

==spmtation Alternatives 601: Fresh Papaya . 

Transportation 
Alternatives 

weekday 

Surface 

Matson 

NO. of nays 
in Transit 

1 

2 

2 

7-10 

Damage 
Rate 

2.5% 

5% 

5% 

20% 

Trans. Oost 
€er usable 

mund 

IBmage Qst 
Usable 

porad 

0.99 

1.8$ 

1.8s 

8.79 

‘Il&tal Cost 
per U s a b l e  

pourd 

17.19 

U .89  

l l . 7 9  
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The surface mute is the lowest cost alternative when 1/4 ripe fruit 

is shipped. Papayas are usually transhipped via L.A. to eastern destina- 

tions. menspeed is t or when 1/2 - ripe fruit is shipped, 

air transport nerst be used. products such as papaya are mnnally shipped 

rn - ~est ination.  !the Ipocessor will have to absorb the oost of 

transportstion and 

W 

oost of inventory while in shipent.  

.of the fresh papaya reaches restaurants ard grocers close to 

major transportation centers. 

Ihe alternative tion foms, a l q  with their apprwrimate 

a s t  per pound 501: plree ar dried papaya, are as allows: 

Surface: 

prices 

prices of fresh papaya vary considerably fran year to year 

seasonally. Much e€ this variation is due to 

fruit in the market. 

varied franl3. 

b3tal supply of fresh 

FEZXU FpciceS of ked i@ed to the Mairiland 

In 1980, the pr 

price and averages 

matching supply w i t h '  

established market demand, firms in the industry can: 
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1. Channel fresh fruit to market develapnent areas for special 
pranotions w i t h  retailers. 

Channel sane fresh fruit to the pmduction of wee and dried 
papaya. In this way, excess ppaya can be stored in another 
fom. When demand is high, channel less into the by-product 

2. 

ard sell off the stored invemry. 

!he prices of all papaya products may also be stabilized through 

nutritious, healthful and emtic f ru i t ,  it becanes mre oompatible w i t h  the 

attitudes and desires of the current ~~lrket. 

mied and prreed papaya bave less price fluctuations due tD their long 

storage capability. Rmed papaya is m w  selling at $0.28 per pmd, 

~~l3-Bstination. -tiations 6or better terms should be possible as 

the market b r  all ppaya mrrcts increase. ?he current retail price af 

dried fruit ranges between $1.59 to $4.00 per pound bulk. ?he price to a 

wholesaler is estimated to be $1.75 per pound in bulk RX-Bstination. 

111 - aJFmNr Am FcmmIAL SupPLy OF PAPMA PRolmc3!s 

In 1978, the industry's peak year of e u c t i o n ,  over 83 million 

pounds of ~apaya wre produced with approximately 5% being unusable. 

Approxhtely 54 million pwnds were sold as fresh wpaya, 9 million pounds 

were used in plree production and aver 15 million pounds were not sold by 

the farmer. The 1978 yield per acre was 29,200 potnds. 

~apaya indust-ry ooartrols m x i m a t e l y  2900 acres on the Island of 

Hawaii. plis represents a potential yield of over 80 million punds of 

papaya. Another 10-20 Illiuion pwnds could be Eppduced on x=ighborins 

islands. (mis represents the sf.bort-run ptential, 

pdditional land is available in the Puna District for ppaya 

production. %e State of Hawaii has approximately 1080 acres of land 
w 
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available a r  lease that a x l d  be used. Mit iona l ly ,  the Hawaiian mnes 

&mnission* and private individuals have acreage mt othekise be- used. 

The State's acreage alone represents a potential 30 million pounds of 

papaya. 

U 

SE market requires further developnent before the fanners w i l l  expad 

a i d  illcrease Ipoduction. Qowers are Cautious because it aosts $1200 tn 

$2000 an acre to pxpare new land for planting.. 

aanpete in the market for puree and dried papaya, low mst sources 

of papaya are necessary, Because of the law.Fice pdd to farmers Sor 

their "culleda papaya, the preed and dried papaya should be oonsidered a 

. by-product of fresh-papaya production. n t  resear& is being perfonned 

to develop a low cost, large "melor~type" papaya h r  pmcessing paposes. 

Hamii. lllesefirmS, 

the total mnber of are as follows: 

Acresin of 

* A local organization w i t h  large land bldhgs. 
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Based upon current acreage and a five year projection, it is possible 

to distribute the Papaya prhninistrative Camnittee's s w l y  projections 

among the local @cers (Table 6 . l l )  . These supply projections are sbwn L J  

in Table 6.12. 

The supply pmjections are based QI a 8-10% annual growth rate. chtil 

it is demnstrated that agressive marketing effort can effectively stimu- 

l a b  demand for papaya at a profitable si-, there projections should ke 

used as aguide a r  farmers. 

TABLE 6 .U  

EmSH PrnAYA PKmJcTIm, IywxmmG, PRlcCEs AND INm 

1974 

1975 

1976 

1977 

1978 

1979' 

1980' 

1981' 

1982' 

1983' 

1984' 

Irocdl 

u -1 

12.2 

12.7 

13.2 

14.8 

10.5 

14.5 

15.0 

15.5 

16.0 

16 -5 

- 
3.0 

3.3 

3.9 

4.6 

7.1 

5.5 

9.5 

12.0 

14.0 

16.0 

18.0 

18.5 21.5 

19.5 22.8 

27.0 30.9 

36.2 40.8 

33.7 39.8 

19.0 24.5 

33.0 42.5 

38.0 50.0 

40.5 54.5 

43.0 59.0 

45.5 63.5 

* 1979 - 1984 EStimatea 

mtal 
Fresh 

34.5 

35.0 

43.6 

54.0 

54.6 

35.0 

57.0 

65.0 

70.0 

75.0 

80.0 

- Percent 
sEEEi! 

62.3 

65.1 

70.9 

75.6 

72.9 

70.0 

74.6 

76.9 

77.9 

78.9 

79 .4 

Fresh 
Farm 
Price 
(# per =. 

13.9 

15.8 

13.5 

13.2 

14.4 

27.0 

17.5 

19.0 

21.0 

23.0 

25.0 

Fresh 
Sales 
(Millions 
o=$) 

$ 4.0 

5.5 

5.9 

7.1 

7.9 

9.4 

l0.0 

12.5 

15.0 

17.0 

20 .O 

y Includes direct sales to Japan, Qnada and other &reign destinations. 3 Includes direct sales to Canada. u 
Source: Papaya pdministrative olzpnittee 
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TABLE 6.12 
kJ 

SUPPLY 1980-1985 

Hawaii stribution , *  

State Hawaii mAc Mr. FQpaya 

% acres 
under harvest 100% 36% 31% 33% 
in 1980 (1836) 

1980 projection 
Fresh 57eOO 42.75 15.39 u.25 14.U 

6 -51 - process 26e31 ’ 19.73 7 .lo 6.12 - 
TbW Usable 83,31lzx Z Z  19.37 20.62 . 

Fresh . 65.00 48.75 18.23 14.63 15.90 
7 033 

‘IktdlUsable ’K im 71.25 26.65 ‘U . 38 23.23 

l981 Emjectiosl 

- process 30.00 22.50 8 -42 6 075 

1982 projection 
20.37 16 . 90 

7.81 7.02 
29,n 22.25 24 . 71 - - 9e40 ~ - 

1983 Projection 

Tbtal Usable 

1984 Projection 

Fresh 75.00 56.25 22.61 15.75 . 89 

80.00 60.00 
36.92 27.69 

!Jbtal U s a b l e  m m  
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Presently, there are three major capmies in Hilo, -ii making 

puree, Funa Papaya, Suisan Fntit Processing and Hawaiian Fntit Flavors. 

puna papaya deals solely w i t h  papaya h i le  the others ppcess guava and 

passion f ru i t  as veil. W island of EIaWaii's total papaya pree puduc- 

tion is estixnated at  5000 to 6000 pmds per day. 

In 1980, the Island of Ha&i should have almost 20 million pmds of 

papaya available for processing. plis represents qroximately 9 million 

pounds of potential plree. By 1985, over 30 million pounds of papaya or 

13.5 million pounds of pree 

La MaWo, a new papaya 

Ibs. of dried papaya a mth 

aouLd be available. 

drying operation, muces ~ m x i r n a t e l y  500 

using an experimental solar k a t  process. PK 

product is good, a bi t  sticky and tastes like apricots. Pssumhg 10 

million pounds of papaya m available for processing using lAe de&vec 

technique, it is estimated that a~prmtbuately 800,000 pands of dried 

papaya wuld result. 

Because the supplies of -sed papaya pmducts are closely tied to 

the fresh papaya Illarket, ooordination of demand and supply is required 

to raake an inkgrated packing processing operation pfitable. 

pRocEss~TEcEmKm 

%e proposed papaya processing plant at the geothemal industrial park 

would utilize the papaya industry's current engineering and technology e 
both fresh and pree processing. (me deBevec dehydration m s s  for dried 

papaya is a a t i v e l y  new m s s  developed in Nevada. 

6-72 



Fresh Papaya Packing 

me papaya reaches the packing plant in field boxes. These boxes are 
b., 

d i m  in 120°F water for 10 minutes to kill any k a e  on the skin. %he 
.. = e* 

boxes are sprayed w i t h  cold water to wevent overheating the fruit. 

After heat treatment, the ppaya is fumigated w i t h  m t b l  branide and is 

ready for packing. 

In the packing plat, according to ripeness and size 

and packed in- different size boxes for shipnent. Bckd boxes are refri- 

gerated until  shipnent. 

EuIxe Processing 

A Q p i d  Fapcess* plant washes the Papaya before pkthg it 

through a slicer. The sliced papaya are then mashed and seeds and skin are 

separated from Ue pilp through a mtatincj sieving system. QE! juice is 

aCam3ingly. abecililled 

isadvantage of 

refrigeration of the juice is 

throllghout the distribution Egocess. 

The new asceptic pmcess is pxqosed for the geothenual industrial 

park. (See figure 6.6). In this process the juice is heated to 205OF for 

a set time and quickly chilled to 80°F and packed under sterile oonditions 

in amtainers. me &vantage of this ~ppcess is' that refrigeration of the 

finished paduct  is mt required. Aura Papaya, fnc. has tried a batch of 

this process and their experience has heen that the juice kept extremely 

well and rn difference in taste was detected after 3 mths. lhey are 

currently testing for longer shelf life. Eb results have been reported to 

\ 

date . 
-U 
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?he recwery rate of the wee is approximately 45% of the input 

culled papaya by e i g h t .  

Papaya Dry ing Process 

%e papaya drying process ( a v e c  w s s )  utilizes a special drying 

technique d c h  has mt been pmven on a amercial size scale. In such a 

plant, the fruit muld be halved and deseeded w i t h  chunks of the f r u i t  being 

remaved. The drying pmcess requires heat of approxhately 140 to 1SOOF. 

part of the process is aceunplished in a vacuum w i t h  a vegetable oil raedia. 

It is assumed that such aplant would produce 500 lbs. per burof  

dried artput utilizing 

Over 40% of the culled 

the usable papaya. 

Integrated Plant 

Figure 6.6 shows a 

advanage of the plant 

sorting 0 

processing mchhery oosting e x i m a t e l y  $500,000. 

papaya is usable and the finished pmduct is 20% of 

schematic for a 3-process integrated plant. 

is the shared functions of receiviny, shipping and 

main 
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V - FINANCIAL PLANS - 
b 

Financial plans of the six alternative papaya packing and/or pess i tq  

facilities were developed based upon the aregoing infoxnation, local 

industry operating statistics, and rutional irdustry averages. 

Asscarrptions: 

N e t  sales (wholesale prices): 

1. .40/lb. fresh (m3 Xilo) 

2. 

3. 1,75/lb. dried (FOB W. Ooast) 

.28/lb. pzree (FOE3 w. mast) 

Cost of Goods: $.20/lb. a r  fresh top grade papaya fmn farm. 

Packaging 6r other direct cost: l$/lb. 5or fresh and plree ppaya. 
2$/lb. for dried ~apaya. 

Direct labor cost: 1. Plant Manager - 4O,OOO/yr. 
2. supervisors - $25,0OO/ur. 

4. secretary/derk - $16,000/yr0 
Cost - Direct Heat F4eqt.u 'relnent 

l3millionIbs.of 

5 million lbs. of 

fresh fruit 2,000 MBTu/yr. $ 5,340 

Puree 1,250 MBTu/yr. $ 3,340 

880,000 lbs. of dry 
papaya 3,520 bBTU/yr. $ 9,400 
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Insurance, fees, taxes, and inspection: 2.5% of sales. 

-ties: 5$/lb. ied (deBevec process d y )  ; L J  
Land plrchase: $12,000 

Cost of prcduction: 1 - 1.5% 

supplies ti 

Sales t advertising: 5% of sales 

Transpartation: l$/lb. - local 2 , 2 $ D .  - overseas 
Market & mutt developmt oost: 2.5% of sales 

Interest rak: 12% = long term 

Miscellaneous sales and &ministrative expense: 2% of.sales 

Other inaxnet Ihusable pwtionS of papaya sold to ethanol plant as 
feedstock for $U/tOn. 

Papaya processing Plant Site  rea &qukemm ts and Elements 

Ple basic papaya rpocessing plant conceptual site layout is shown on 

Figure 6.7. !&e OVerau dimensions of the plant site are 520' x 280' or ' 

145,600 square feet, which equals 3.3 acres. Zbis init ial  plant area &e 

contains sufficient area dor expansion. 

Ihe site area includes the following major elements. 

O Administration Building - containing offices, laboratory, lunch 

man, locker area, toilets and shower man. POW building area 
1 

wired is 3,600 feet. 
O Mahtenance/Storage Building - consisting of quipnent, carpentry 

and electrical shopc;, spare parts storage, and aperations and 

maintenance sllppl and equipnent. mtal building area required 
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is 3,000 square feet. This is assumed to be a pre-engineered 

metal type building. 

O Warehouse and Process Building - housing the three w s s  lines 

ard wimt; 2,800 -foot freezer With 48,000-pound cap- 

city and &ton refrigeration unit; sbrage/labeling/shipping area 

of 3,500 square feet; hCaning fruit storage and sorting area of 

3,500 square feet; a covered dock of 4,500 square feet a r  

loading/unloading pnposes; and a sbrage wanhuse area of 8,000 

quare feet. TMS latter area wuld be available fix process line 

expansion, if m@xd. mtal area oovered by the wamhmse 

building iS 32,000 s q ~ a r e  feet. 
O Truck, Ehrplavee and Main- nsuipraent Parking Areas. 

All facilities w i t h i n  the plant area have been sited tD pmvide an 

efficient flow fran receipt and storage of the rn pod- throlrgh 

mllcts. shipping af the fuushed . .  
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Construction Costs and M u a l  operations and Maintenance Cost Estimates 

lfie oost estimates pmvided below are based cn the plant facilities 
L, 

Shawn on Figure 6.7. A l l  costs Shawn are based cn July 1980 dollars and 

should be considered as oarder of magnitude costs. m e r  verification of 

revenue and cost infomation is necessary before any of the alternatives 

analyzed here are undertaken. pdditionally, the oosts strawn are only for 

those items within the fenceline of the pmcess plant site. 

O a n s t n t c t h  Cast E s t h a t e  

0 

0 

Si te  preparation, paving fencing, 

yard lighting and landscaping 

MmMstration Building (3,600 

square feet) indluaing offices, 

laboratory, lunch man, toilet 

shower and locker man 

Maintenance/Storage -ding 

(3,000 sq~are Seet w i n e e r e d  

mea building) inclding floor 

slab, lighting pa~er 

~ 2 i n d m c e s s E u i l d i n g  

(32,000 sq~are Seet, 

rigid frame) including process area, 

2,800 square feet freezer, sbrage/ 

labeling/shi@lg area, irrcaning f ru i t  

storage/sorting area, oovered dock 

area, lighting, power, waste disposal 

and plwins 

$ 350,805 

$ 337,920 

$ 69,150 

$1,030,825 
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u 

I 

I 

i 

.w 

O Water Supply Line, Wainage 

Structures, Electrical S w l y  

Lines, lbiler and Air Oanpressor . 

Mouse 

Gantingencies - $  193,020 

Sub~tdl~oznstruction cbsts $2,123,100 

Design, mineering and Construction 

-g-t (assme 12 percent of 

constructionrts) . $ 245,770 

$2 368 870 Estimated Oonstruction Qsts 

$ 420,000 0 

of QE percent of total m t r u c t i o n  - 

$ 11,845 

estimated to be $800,000) 

geothermal fluids, electricity 

trucking 0 61 M QT personnel csasts, taxes, insur-, royalties ar pmcess 

licensing fees. 
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Plant Si te  U t i l i t y  Rqu imnents 
hpi-i 

The -tities listed below are based cn the plant layout and facili- 

ties shown on Figure 6.7. Certain assumptions, based on available 

literature, have been made warding pmcess equiptent utility 

requirements. Waitionally, for the plrposes of t h i s  study, it is assumed 

that the freezer mit muld be a oorrventional freezer. S h i L d  geothermal 

fluids be used for freezer pzrposes, the quantity of steam required w i l l  be 

greater than that Shawn. 

O process steam - maxinaan flaw required will be 1,100 pounds per 

hour at 5 p i g ,  for a totaI. annual requirement of 35 x 106 WS. 

Electrical pwer - maximum required for pmcess equipnent will be 

100 KW per bur. fighting and other miscellaneous items, such as 

office air conditioning, w i l l  require 40 KW per bur. Tbtal 

annual requirements will be 650,000 KW. 

O 

0 

0 

Water - maximum quantity required for pmcess plrposes w i l l  be 70 

gallons per minute (BM). Building mpiremen- for showers, 

drinking plrposes and s a n i m  =wage will be 15 @+I. Fire 

bection rqAmments will be 600 QEI, for  a total annual r e q u i r e  

ment of u x 106 gallons. 

Waste Fiater Streams - process waste water is estimated to be 70 @+I 

a t  a tanperature of 70°F to 80°F and sanim wastes are estimated 

to be 15 QEI. 'Ihe cnly other waste water stream will be &m 

water mff, which is estimated to be 30 cubic feet per seamd, 

based cn the merage ten-year stom. 
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Ampheric Emissions 

Atmaspheric emissions fran the ppaya processing plant are expected to 

be minimal since there are few potential sources. %e nature and wtity 
W 

of emissions fxcm the ~gpcess q i p n e n t  cannot be stated with any degreg of 

reliability at this time, since the various canpnents are unkmwn. 

m v e r ,  assuming *re are either steamers for-sterilization a other 

pressure vessels, atmspheric emissions frum this quipnent muld irdicate 

a malfunction of the qyipnent ard remedial action wtild be taken 

imnediately. 

Indirect sources of atmospheric enissions w i l l  be vehicle missions 

generated by delivery trucks and employee vehicles. %he quantities of 

epnissions are eXFe&ed to be, minimal ard mt edversely impact the 

serious impacts since adequate 

site will be paved * parking 
dust sources. 

the state of 

fmn Hawaii am3 Kauai ta Oahu for transhipnent to export markets. 
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3. Iack of adequate aontrol measures for post-harvest diseases and 
the la~k of f u l l  merstanaing and control measures for weventing 
the rapid deterioration of papayas after they arrive cn the 
mainland. 

LJ 

50 papaya msaic virus amtinuing to be a threat tn the ppaya 
industry. 

60 Lack of adec,Iuate W& aontrolo 

7. Lack of amtinuity and reliability of supply. 

8. Lack of freezing technobgy 501: papayas anjl inadequate information 
on aseptic pckaging of ppaya puree for overseas shipping. 

10. Wthods to overccme the yield decline pmb1el-n a d  the mgnitude a€ 
the pmblein are not kncrwn. 

U. ~i l t i va ixxs  with resistance to papaya nrosaic virus and fruit and 
coot diseases are not available. 

12. Lack of adequate oontrol nrttbds for powdery mildew, 

13. Insufficient research ~1 market potential and market *vel-t. 

14. Insufficient infomation ~1 vhat effect irrigation has on yield in 
Puna, mi, and yield, fruit quality, fruit set, and sterility 
in m a ,  Kauai. 

15. Lack of adequate mntainers for surface shipmts. 

16. Lack of infomation QI current oosts, returns and pfitability of 
papaya p r o d d o n .  

17. Critical nutrient levels for trees up to 12 mnths of we and for 
trees over 30 mcnths of age are mt known. Minor and micro- 
elemmt needs for trees alder than 30 nwnths are not kmm. 

18. OverCaning apparent lack of understanding and specific infomation 
exchange hetween lend- and bormwers (farmers) ~1 financing 
papaya farms. 

papayas by air and surface. 
190 bCk Of adwe packas- and FdCag- SyStellE for ShiFPing 

i 
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, 

20. Costs of ownership and qeration of alternative mechanical har- 
vesting methods for various-sized fanns are mt kmm. 

U. Lack of effective, registered chemical to control mites in tlry 
production areas. 

22. Many plblic rules and regulations put unnecessary M e n  on . 
the papaya industry in Hawaii has existed since the 

1940is, it is still unsc@isticated h production and marketing technology. 

Other risk factors mst also be evdluated. Sane of these factors are 

irtdlu3ed in Table 6.U. %he inmation of 3 processes reduces the risk 

attendemt bo any me pmcess stanaing along. 9Be fresh packing and pree - 

processes have fewer associated mcertam ties because such facilities 



Level o f  Risk o r  Uncertainty 

Factors Affect ing 
Risk 

Fresh Puree Dry Fresh & Fresh & Fresh , 
Only Only On1 y Puree Dry Dry & Puree 

Dependence upon raw material 
supply 

Production Techno1 ogy 

m 

m 
00 I Market Trends 

F i  nand a1 

Revenue Deviations 

Cost Deviations 

Probabi l i ty  o f  Di rect  
Competition 

Overall Risk 

Medi urn High 

Low Low t o  
Medium 

Low Low t o  
Medi urn 

Medi urn High 

Medi urn Low 

Low t o  Low t o  
Medi urn Medi urn 

High Med i urn 

Low t o  Medi urn 
Medi urn 

High 

High 

Medi urn 

Medi urn 

Medi urn 
t o  High 

Med i urn 
t o  High 

Low 

Medi urn 
t o  High 

Low t o  
Medi urn 

Low 

Low 

Low t o  
Medi urn 

Low t o  
Medi urn 

Low t o  
Medi urn 

Medi urn 

Low t o  
Med i urn 

Low t o  
Medi urn 

Medium 

Low t o  
Medi urn 

Low t o  
Medi urn 

Medium 
t o  High 

Medi urn 

Low t o  
Medi um 

Low t o  
Medium 

High 

Medium t o  
High 

Medium t o  
High 

High 

Medium t o  
High 

Medium t o  
High 

Low 

High 

c 
Table 6.13 

RISK ASSESSMENT 



I 

Considerable uncertainties exist w i t h  the deBevec drying pmcess. As 

b.l more information se uncertainties may be reduced. 

me study still tegrated fresh packing and 

ry processing verifies the 
- 1  

information utilized in this3analy~is. . .I, 

- 

cial statistics of each alte relative to me another &I -ative to 

various alternative acilities. !E&le 6.14 evaluates the import& finan- - 
I 

the industry averages. ~resh processing alonk -ides the best return. 

It is also cbvious that additional returns can axrue I n  a fixn that 



Finartcidl 
Factors 

Plant 
Utilization 
m?of it 
Marqin 
Leverage 
Flexibility 
&?turn rn 
Equity 
cash 
Flaw 
Resistance 
toQcle& 
seasondl 
Fluctuation 

%b increase the m, these facilities mcrst go cutside the ppaya 

industry and mss other types of locally available Mt. Altbugh 

Fresh &I 

I f resh& I Puree& Fresh I Puree Inu 
Puree & D r y  Only Only only 

lowto  very wry Wto very 
Medium Iaw Iaw Medium Iaw IXXJ 

H i g h  Medium High High H i g h  Medium 
Medium Medium 

Medium faw IXXJ to High to High Iaw 
V Q T  very 
High Iaw Medium High High Irrw 
lowto very mwto Lrrw very 
Medium faw Iaw Medium Medium IrxJ 

TaJ toHigh @High Medium Medium to High 
Medium Medium Medium 

there is amsiderable cmpetition in the pxee area, the guava and passion 

fruit industries are gmwing. Ple drying f ac i l i t y  muId also dry baMna, 

coconut, p-le and vegebbles if sufficient supplies of e s e  raw 

materials were available. As larg as a p f i t  margin exists, al l  addi- 

tional ~ u c t i o n  w i l l  assist in increasing the returns on equity and cash 

flows of all facilities pmcessing ppaya by-pm3ucts. 

%e 3-pocess integrated facility, bwever, w a r s  too large 63r the 

papaya industry at the present time. Ik arrive at a 13.5% return, the 

large fac i l i ty  would have to pxess over 34 million pounds of ppaya to 

break even on the bu-proauct pmcessing. %is low level of plant Utiliza- 

tion would require that gmers pmduce an additional 14 raillion pounds of 

papaya by its first year of -ration. lhis would require apprpximately 

1,000 acres of production, or an addition of 3-400 acres mt pxsently 
<j 
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devoted to papaya. 'By 1985, mre mnnal returns from this faci l i ty  wuld 

exis t  assuming a 10% gruwth per year, OL: amther 150 acres of production. 

A t  the -sent time, it is unreasonable to expect -s to h e s t  mer 

$1 million in 

W 

Fareparation -&-ut sane guarantee of' sales. 

of the two single by-product facilities,. the drying -ration offers 

the best potential. While the wket channels dor gapaya puree have been 

developed, the p f i t  ~~~zlrg h r  ocrrq?ared to the dried pmduct. Since 
. I  

the wing facility mutes a product that is unique w i t h i n  the i n d u s ~ ,  

a inelastic Fice  re potentially laryer myvins. 
. *  

Ais0 the potential 

Alternative prod-, such as t r a i l  mixes, are also possible. 

Additionally, this 

products. WSepapayapureehases  W, it also has the 

potential for greater *ampetition anwhg 

thus recummded mer the 

processing ather fruits and vegetables is large. 

An integrated plant 

of resources. savings ahla be 



Cost Items ~ 

Except 5or tike cost savings identified, there is TID particular reason 

for havirq a fresh facility in the Pahoa Industrial Park as crpposed tD 

anywhere else in the ??ilo OL: Puna areas, Because of the scale of the 

operation, 10-20 million pmds a year, an existing pLcker ming tro the 

site is the a i l y  viable alternative. %e tm packers of sufficient size 

and investment capabilities at -sent are mfac's Puna Papaya and the 

gmwers' OOQperative, W .  El;lpaya. Although further study is needed, the 

cast savings of mwing to a new facility W d  probably not be as large 

as the oost of mwing, In the case of an integrated plant, bwever, the 

cast savings coupled w i t h  additional returns might be a significant inducement 

to m e .  

-, 
Fresh Puree 

I 
Fresh & 

I I 
Fresh 
only Only only puree & D r y  & D r y  

I 

Based upcn the infomition presented and assumptions utilized, this 

analysis provisionally CmclMes that a l l  alternative facilities except the 

3-pmcess integrated plant are viable qtions for inclusion in the conceptual. 
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Pahoa Industrial Park. 'Ihe dry processing w i t h  a fresh pcking facility is 

ranked r a .  ranking of the alternatives is: 

1. dryproce &ttf fresh packing 
2. dryprocessingarly 

4: p u r e e ~ s s i n g a r l y  
5. freshpackingarly. 

. 3. plree pmcessingwith fresh packing * 

It w i ~ .  tak;? an existing organization with sufficient capital and 

assurances of large supplies of p~tpaya to implement the recorrpnended plan. 

Sane assistance may be 6wnd in the minority business program of the 3nall 

Business Mministration. 



Table 6.15 
COMPARISON OF PROCESSING ALTERNATIVES FRESH, DRY 

AND PUREE 
PROFORMA SNCOWB STATEMENT FRESH PUREE DRY FRESR AND FRESR AND (Dry h Puree at +breakeven 
1980 Estimates (000) ONLY 0M;P ONLY PUREE DRY Presh at 17 mil lbs) 

Net Sales 

Cost of Goods Sold 
Direct Cost 
Raw Materials 
Packaging h other 
Labor : 
Supervieion h.  Haintenaace 
Operations 

Total Direct 
Production Overhead 
Secretary f clerk/records 
Energy and Utilities 
Insurance, taxes, inspection 
fees (excludes Ped. taxes) 
Royal ties 
Depreciation 
Lease Cost 
Other 
Total Production Overhead 
Total Coat oL Goods Sold 

GROSS MARGIN 

Sales and Administratfoa. 
Receiving and Shipping 
Sales and Advertising 
Uarket 61 Product Development 
Traneportationt 
Local 
Overseas 

Plant Manager 
Miec. 
Total Sales h Administration 

OPERATING PROFIT 

INTEREST EXPENSE 

PROFIT BEFORE TAXES 

Other Incolsa PoesibiUties 

. .  . .. 

2600 
390 

50 
160 
3200 

16 
80 

125 

140 
22 
40 

. 423 

- 

- 
- 

50 
260 
130 

130 - - 
104 - 

218 

5200 

440 
150 

50 

z% 
8 
10 

45 

80 
- 

1400 

3623 

2577 

- 

30 
70 
35 

50 
110 - 
28 - 

674 - 
903 

- 218 123 

E2 
70 

440 
53 

50 
63 
606 
- 

8 
50 

45 
4h 

863 

537 

- 

42 
77 
39 

9 
20 

31 - 
323 - 
214 

- 123 154 

A 
67 

1540 

895 

645 

- 

218 

427 

154 

- 

- 
u 
125 

I 

3040 
540 

50 
192 
3822 

16 
90 

170 

213 
44 
50 
583 

- 

- 
- 

68 
330 
165 

180 
110 
50 
132 - 

331 

6600 

4405 

2195 

- 

1035 

1160 

331 

- 

- 
w 
67 

3040 
443 

50 
224 
3757 

16 
130 

170 
44 
235 
44 
60 
699 

_I 

- 

68 
337 
169 

139 
20 
50 
135 
7 

364 

L 

6740 

4456 

2284 

- 

918 

1366 

364 

- 

- 

125 

3908 
629 

100 
320 
4957 

32 
160 

250 
24 
395 
44 
100 
LOO5 

- 

- 

90 
524 
262 

205 
77 
50 
200 - 

603 

c 

8470 

5962 

2508 

- 

1408 

1100 

603 

- 

- 
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m 
I 

8 

C 
I 

DRY msa m FlldsB m FRESR, DRY 
ONLY PUREE DRY AM) PUREE 

PROWAHA BALANCE SREET PRES8 m 
1980 Estimeta ONLY ONLY 

i 

Current Ass 

45 105 95 140 
80 375 380 460 185 - 215 - 175 '- 230 55 270 300 485 - 

950 1315 Total Current Asee 395 

Fixed Assets: 

4 400 11 1150 1600 

300 
2950 33SO 6 W  1100 1500 

110 ._ 200 - 150 - - 75 - 
7900 - 4700 - 4250 - 2010 - Total Fired Assets - 1575 

TOTAL ASSETS $U $&O $W $aU > s2ggj 

LIABILITIES 6 NET 

Current Liabilities 
70 68 185 182 250 

(Includes other dp, 230 140 
70 

Trade Credit  115 
Notes payable @ 1zX 

accrued expenses, etc.) 115 135 370 366 500 
250 
*I 1000 . - 182 - 185 - 67 - - 

460 280 270 740 730 Total Current Liabilities 

880 1145 2385 2660 ', 4525 

780 

1580 

1360 2260 - 2090 - 945 - 5- - N E T  WORTH 

Qm $U @W $mo . Total Nil 6 Liabilities 

.. ... .. 
Table 6.15 Page 2 
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INDUSTRY AVERAGE 
WHOLESALE m. m m  PUREE DRY FRESH AND FRESH AND FRESH, DRY 

AND PUREE FINANCIAL STATISTICS FRESH PROCESS ONLY ONLY ONtY PUREE DRY 

Number of Units 
Produced - Fresh lbs 

Puree lbs 
Dzy lbs 

Return on Net Wartb 

Return on Total Assets 

Asset Turnover 

Prof it Fisrgin 

Leverage 

Interest Coverage 

0, 

&o 
P 
I Cash Plow/Current Maturities t 

(net pft i 2) + Depreciation 
amount long-term debt retired 

Variable coet per unit 
Variable coet per $ revenue 
Profit per unit of fresh 
Fixed coat contribution per unit 

24.4% 

8.4% 

4.9 

2.5% 

2.8. 

5.5 

4.2 

Fixed coet contribution pet $ revenue 

Breakeven in units 
Breakeven in revenue 

Retirement of long-term debt, 
if deaired over a 10-year period 

23.7% 

8.3% 

2.0 

5.6% 

2.3 

6.3 

5.5 

13 011 

50.4% 

20.1% 

1.53 

13.2% 

2.5 

4.1 
t 

3.05 

$ -3012 
8.1548 
$ .OS27 
8.0981 
$ . 2452 

5 mil 

11.7% 

4.7% 

72 

6.5% 

2.5. 

1.74 

1.43 

8.1956 
$ .6986 
$.007 
$ -0844 
$ . 3014 

6 ,014,000 3,922 D o 0 0  
$2,406,000 81,098,OOO 

880,000 lbs 

28.9% 

11.6% 

65 

17.7% 

2.5 

2.77 

2.06 

$1.002 
$ .5727 
4 e 0 2 1  
$ 9748 
$ .4753 

515.OOo 

13 mil 
5 mil 

39.7% 

U.9% 

1.27 

12 6% 

2.5 

3.50 

2.63 

$ .7402 
$ .a638 

$ .2598 

$811 000 $3 , 410,000 

$115,000 $239,000 

13 mil 

880,000 lbe 

44.3% 

17.7% 

1.19 

14 9% 

2.5 

3.75 

2.77 

$ .7098 
$.0771 

$ .2902 

$3,287,000 

$266 , 000 

17 mil 
3 mil 

473,000 lbs 

13.5% 

5.4% 

.92 

5.9% 

2.5 

1.82 

1.42 

$ .6809 
$ .0292 

$. 3191 

$4,’776, 000 

$453,000 

Table 6.15 Page 3 
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1985 

1,600 465 532 2065 Additional Revmue times 
Contribution margin per 8 x.2452 X,3014 x,4753 x.2598 

392 140 253 536 Additional Contribution 
Lees additional Fixed Cost 
&precis tion1 

317 7 i i . i  253 Additional Profit over 1980 
Total 1985 Profit 

2 u  80 100 288 + Depreciation 
645 - Income taxes @ 50% 

Cash Plow in 1985 

- -75 - - 
1,002 231 526 1290 

- 501 - 115 - 263 - 
716 196 363 933 

48,Ox 
Profit per lb of (17 mil) 8.0589 8.0136 8 0309 $.On9 Price Paid Grower 

(D I Total Available to Coop Grower Q.2589 $.2759 

51*1% 29.6% 55.7% 

~.2000 g.2000 0, 

ul 

1980 

Total Profit Before Taxes 91 273 829 
213 
-414 -136 s 628 Cash Plow from Operations 

Return on Net Worth 
Profit per lb of Fresh 8.007 8 0182 8 .0638 Price paid G r m r  

. 8 .2638 

+ Depreciation 80 lob + - - Income Taxes (.5) 
11.7% 39.1% 

. 9.2000 ilable to  Coop 

t of 1.5 million in Fresh Only, Freah h Puree und Fresh h Orp 
proceeees and an add 

of fresh papaya In 1985. 

eshaent OS 2 alllion in tbe Fresh, Dry h Puree process. 

me fully integrate million 1bs of fresh papaya in 1980 and 27.5 million 1bs 

Table 6.15 Page 4 

2132 
x2 2902 

619 

-75 
544 
1546 
310 
773 
1083 

- 
- 

54.1% 
8.0909 
$02000 
'8.2909 

1002 
235 
-501 

. 736 

44.3% 
$00771 

- 

9.2000 
Q.2771 

51712 
x. 3191 
1,650 

I -100 
1,550 
2,047 
495 

1,519 

- 

d m  

33.8% 
8.0552 
8.2000 
$ .2552 

4972 

-248 
395 

644 

13.5% 
$ .0292 
$. 2000 
$2382 



FINANCIAL ZWALYSIS 

PAPAYA EBESH/PHXXS!3ING 

Assumption 

-ration: 

Investment: 

16 hours/day for 365 days 

- production 

- Installation 

- TraIlqomlticm 

- other Miscellarreous 

Land (2 acres @ $12,ooO/acre) 

Capital 

Revenue 

Fresh (17 million Ibs./yr.) 

puree (3 million IbS./yr.) 

Dried (475,000 lbs./yr.) 

opera tilq Cost 

F!aw materials 

Packaging and other 

Labor 

Proauction overhead 

Etlergy and Utilities 

Cost 

$ 2,800,000 

2,800,000 

400,000 

300,000 

$ 6,300,000 

1,600,000 

24,000 

7 924,000 

$ 6,800,000 

840,000 

831,250 

$ 3,908,000 

629,000 

420,000 

32,000 

160,000 #- 

Li $ 5,149,310 
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c 

Investment Pro f i t  before Depreci ation 
and other Depreciation & f o r  Taxable 

End o f  Year Cash Flow Income Tax ' Tax Purposes Income 

0 (7924) 
1 792. 3322 633 . 90 2,688 
2 3588 583 . 20 3,005 
3 3875 536 . 50 . 3,338 

493.60 3,691 ' 41 85 
4520 454.10 4,065 

4 
5 
6 4881 417.80 4,463 
7 5272 384.40 4,887 
8 5693 353.60 5,340 
9 6149 325.30 5,823 

10 6641 299 . 30 6,341 
11 71 72 6,897 
12 7746 7,492 
13 8365 8,132 
14 9035 223.40. 8,811 
15 9757 223.40 9,534 
16 10538 223 . 40 10,315 
17 11 381 ' 223.40 11,158 
18 12291 223.40 12,068 
19 13275 223.40 13,051 
20 14337 223.40 14,113 
21 15484 223.40 15,260 
22 16722 . 223.40 16,499 
23 18060 223 . 40 17,837 
24 19505 223.40 19,282 
25 21 065 223.40 20,842 

Table 6.16 
PAPAYA PROCESSING 

F I NANC I A t  ANALYSIS 
($000) 

Income 
a f t e r  
Tax 

1,344 
1,502 
1,669 
1,846 
2,033 
2,232 
2.444 

c 

Total 
:Cash 
F1 ow 

' (7924) 
2,770 
2,085 
2,206 
2,339 

.'. 2,487 

.: 2,649 
' 2.828 

- 

2 ;670 ,'. 9 io23 
2,912 '.'3,237 
3,171 3.470 
3 ;448 3 ;724 
3,746 .4,000 
4,066 .4,299 
4,406 :*4,629 
4,767 .: 4 , 990 
5,157 ~ 15,381 
5,579 ,'5,802 
6,034 .6,257 
6,526 .6,749 
7,057 -7 , 280 

8,250 8,473 
8,918 9,142 
9,641 . 9,864 

10,421 :10,644 

7,630 . .7,854 

IRR 33.3% 
Payback 4.4 years 

! .  
. .  



Papaya Pmcessing Facility Summy and Conclusion LJ 
. .  . - .1 

Based m revenues frcan three products, fresh, dried and plree, the 

after tax discounted rate of return is 33% with a 4.4 year payback. 

Hawever, the potential for a ppaya p-~pcessing faci l i ty  in the 1x0- 

posed industrial park near Paba is amsidered cnly fair. Such an industry 

is clearly amsidered secaxlary and mt of sufficient potential to be p 

posed as a grincipal industry for initiating park developem. 

%e k a t  m b  are t#, m a l l  to warrant the drilling a dedi- 

cated well. Fbrther, the nature of - analysis has mauded the develop= 

ment of a shallow well. In like manner, it has mt been amsidered ast- 

effective to transpart the gieothermal kine to the industrial prk.  

It is mt  amsidered feasible to mve the existing plants because of 

the relatively small savings that nay be realized frrm the use of geother- 

mal steam. 'Ihe present plants w a r  to be adequate for the existing md 

on expanded pmductim. Qily a breakthrough in a large scale dehydration 

capability coupled w i t h  a dried muct marketing plan would alter this 

d u s i o n .  
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, . ... After a detailed. engineering @.~Pr#nrmic analysis of the three can- 

didate industries : 

- Ethano l  frcan cellulose is a Canaidate anchor industry. It 

'aplpars to be ecomical ly  viable either cn its own or as a caw 

i ponei'lt in the industr park. 'ihe major hurdle to be overcane 

is risk associated w i t h  the pmposed acid bdmlys i s  pmcess. 

A cattle feed m i l l  is not a candidate for the industrial prk.  - 

L 
.. . . 

- Papaya processing d d  be ecodcal in an q o i n g  park but it 

is gclestionable whether the cost of ming an existing -ration 

to the ptrk muld be justified. 
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This chapter describes the wincipal issues that could m e  the 

developent of an industrial park near Pahoa. These issues relate to can- 

munity acceptance, transportation and environmental concerns as w e l l  as 

legal. aspects relating to resource ownership, pipeline ts and pr- 

mitting requirements. me planning for infrastructure knprovemnnts and the 

permitting ures used by the Qmty of Hawaii discussed. 

Eaepresentatives of the a m u n i t y  w i d e d  feedback information to the 

study team at three meetings in Pahoa. Qnceptual plans for the hypotheti- 

cal park developnent were presented to the residents and related concerns 

were discussed. -These concerns of the oaranunity can be sumnarized as 

operate the industries 

Objection tD -certain rindustries by -sane residents. 

Mistrust of developers by xsne residen 

Objection-to the specific study site location of the industrial 

- 
- 

traffic mise. 

- 
- 

Lack of control over developent by the local cmnunity. 

Threatened interests of marijuana growers. 



geothermal and industrial developnent. Others can be addressed satisfac- 

Noise from an industrial park and geothermal developnent. 

Degradation of a b i e n t  air and water w i t y .  

Ownership of the geothermal resource. 

of the ooncerns listed can m l y  be accaimdated by stopping 

tor i ly  with changes in the ppsd developnent plans. Ihe concerns are 

discussedbelow: 

Job Oppo rtunities 

It is possible to p v i d e  local residents with b t h  jobs and 

training programs in  Feparation for the ppsed  geothermal 

developnents. Ime Puna Hui Ghana advocates an analysis of skills 

available in the resident oorrrmunity and the skill levels required in 

any future geothermal and industrial developnent. A Staff Esearcher 

for the Puna Hui Cham has proposed a curriculum developnent -am 

and specialized training courses. of particular prmise is the possi- 

b i l i t y  of a training 

Training through the Oollege of Continuing Education a u l d  begin 

at Pahoa to match the developer's needs. 

during the developers' planning a construction stages. A prospective 

developer could define specific requirements for individual psitions. 

Appendix D discusses labor and ecomic developnent -in m e  detail. 

The follcwing job opportunities are estimated for  the industrial park 

and industries -ed in  th i s  study. 

Construction and Eve lopen t  Phase 

O Resource Developmt including dr i l l ing of wells and 

construction of geothermal steam pipeline - 35 
O Industrial park site preparation - 40 



O Construction of Ethanol Plant - 40 

construction 

Construction of Papaya Processing Facility - 30 
Cattle Feed Mill - 35 W 

I 

O 

operation and Maintenance Phase - Fennanent Positions ! 
Ethanol - 35 
Cattle Eked Mill - 25 
Papaya messing - 20 

Support Infrastructure - Permanent-Positions 

i ‘Ruckhg - 30 
I 

a 2.3 multiplier associated 

ups, f 

would meive 
I 

I innovative incentives or 
I other arrangements, 

I 

attitudes of :labor force and the 

I 

I 

j 

I 
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L,' would turn Pahoa into a "Pittsburg of the Pacific". In contrast, 

there are others tJho muld support carefully planned industrial growth 

that  muld pmvide jobs as ell as investment apportunities. These 

pro industry supporters accept and endorse appropriate environmental 

contmls and procedures. 

Mistrust of Developers 

The Puna district is generally a rural area of Hawai i  ppulated 

by a mixture of people who have arrived over the years for various 

reasons. ?he background and att i tude of these residents are described 

more fully in  Appndix F which points cut that sane newly arrived resi- 

dents dislike 01: distrust  geothermal developnent as a mtter of Fer- 

so& Wefemce. ?his attitude which has been expressed in permit 

hearings by these residents can have a serious impact cn developents 

i f  the developers are mt  adequately responsive. 

Objection to the Specific Study Site 

During the course of the study the industrial park site was rele 

cated froan the ariginal location opposite the k i l a n i  Estates residen- 

tial subdivision. The final site which was considered nure acceptable 

by residents attending anununity metings is i n  a nure remote area 

w i t h  an access mad that muld take truck t ra f f ic  and associated mise 

away from Pahoa and mst residential areas. 

Overloading of the Locdl. Highway/Traffic Noise 

Increased t raff ic ,  density and mise associated with the truclung 

requirements for the ethanol plant and the cattle feed mill is a major 

cc) concern of residents. This topic is described mre fully in a later 

section t i t l e d  "Transportation Concerns". 
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Objection to Any K i n d  of Developrent 

n the oonrmunity meetings W 

re was a snall numbetr of individuals ngly miced their 

industrial developnent of any kind for various reasons. 

organization took this p s i t i o n .  

Several p p l e  from subdivisions 

objected to inaustrial developnent because they had recently chosen to 

m e  frcm urban areas such as b s  Pflgeles to the Pahoa area. pley 
perceived that IIDved frQn an industr 

industrial area with an implied mise that industrialdevelopnent 

t occur 9 

h u n i t y  representati 

the decision fiaking process 

industrial devel pressed frustration 

llingness to share in 

making decisions w i t h  TID 

tration was ameliorated 

use permit hearings 

h occurred during the study period. A t  

re p v i d e d  an oppr- 

somewfiat by the ocnanunity 

various planning aspects of 

as the ongoing grid planned 
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Threatened Interests of Marijuana G r o w e r s  

The nature ard extent of the i l legal  practice of g r o w i n g  and 
~ 

marketing marijuana was mt studied. However a t  the various metings 
I 

, and hearings there e a r e d  to be a "hidden q d a "  i t e m  related to 

that subject. Certain industrial growth and devdopaent in  the puna 

district would have a substantial impact on this lucrative although 

illegal activity. The p p l e  involved were perceived to voice cbjec- 

tions to industrial developnent based cn other issues %or cbuious 

reasons. 

mise frm-Industrial and Geothermal ~ve lopnen  t 

Puna distr ic t  has &en a quiet rural amnunity where people 

sleep with windows wide q e n  . ?bus, an increase in night time mise 

level i s  a major ooncern; especially truck traffic mise and geother- 

xnal w e l l  dr i l l ing mise. Current w e l l  drilling which is being am- 

ducted 24 hours a day, 5 days a week is accepted, but to date, mund 

the clock dri l l ing seven days a week has mt been permitted. 

&gradation of Ambient Air and Water Quality 

me water and blue skies with clean air are environmental mrner 

stones of major importance in Hawaii .  

A t  permitt- hearhqs, H2S abatement during ell 

dri l l ing as w e l l  as production operations were described. 

addition, baseline e n v i r o m t a l  surveys are planned to mitor signi- 

In 

ficant air and water quality indicators. 

mre fully in a later section of this chapter and in Appendix E. 

These plans are discussed 
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Ownership of the Geothennal Resource 

The cunplex issue which is discussed in a later section of 
kd 

this chapter and mre fully in Appendix B is a major concern for 

the developers and the large landomer. Estcept for the benefit 

that w i l l  derive to those of Hawaiian ancestry other residents 

have mt indicated this tn be a major inunediate mncern. 

tion to d fmn an industrial LEk located near Pahoa is of 

170 miles by water to 

associated freight 

serving the proposed industrial park is am- 

tantiaJ. increase in 

The Keaau-Pahoa M is the main madway serving the Pahoa, Kapoho, 

and Kalapana areas in Hilo. A proposed Keaau-EWoa &-Pass Project is in 

the advrmced planning stage; construction a x l d  begin as early as 1983. 

980 peak bur traffic load is estimated to be mer 400 vehicles. 

!he major industry uti l iz ing the mute 130 between Keaau .and Pahoa is puna 

Sugar Ocmpany (cane haul trucks) , ile other major users include those who 

lowing products:, papaya, vanda orchid, anthurim, lava rock 

slabs, v i c e  cx cinder, macadamia nuts, citrus frui ts ,  and m e r  diver- 

sified farming. !Kmr buses are another major user, as there are a nunher 

of burist attractions in the area: the Kapho eruptions, .Lava Tree Park, 

black sand beaches. along the Kalapana Coast , and Chain of Craters 

the National Park. 

about 240 times daily. 

into 

Rental.cars, presumably tourists, pass through Pahoa 
LJ 
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Impact of Industrial Park 

The impact that the industrial park would have on the traffic 

situation may be significant. It would be reasonable to assum t ha t  

the park muld generate an the d e r  of 75 to 100 primary jobs. 

Assuming a minimum of car-pooling, this wuld add 10-20% to the 

current peak traffic bur load. It is estimated that truck traffic 

may increase by 150 truck passes per day with additional trucking for 

niscellaneous plant supplies requiring about 75 truck 

Fruin the information in  the traffic pmjections, this 

truck traffic in the Pahua area by about 25% mer the 

load. Partially for this reason, the industrial park 

passes per day. 

muld increase 

1980 traffic 

was relocated so 

access muld be via the Pahoa Solid Waste Plant Faad avoiding Pahoa 

Town. However, sane mod feedstock may be supplied k m ~  forest lands 

south of Pahoa. %us the need for a by-pass road is strongly 

supported. 

Air Transportation 

me to the cunbination of air l ine deregulation, the cost and 

availabil i ty of jet fuel and the ecomic downturn cn the mainland, 

Hilo-mlnl ' and direct air cargo shipnents have recently been W i l e d  

to a significant degree. Ixlring the fa l l  of 1979, an average of 22 

jumbo jet passenger aircraft per week were hauling sane 2.1 million 

pounds of l i f t  each mnth cut of Hilo for tfie mainland. By the end of 

September 1980, that number was down b seven f l ights  per WAC with 

l i f t  capacity of about half a million pounds p r  mnth. 

The 

foliage, 

above cargo consists mainly of papayas, cut flowers and 

LJ potted plants, and sane fresh fish. As flights have been cut  
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back, inter-island air freight haulers have been able to tranship some 

U of the cargo through the Honolulu International Airport ard some cargo 
. .  

has been diverted to surface shipment. 

Water Tramp0 rtation 

The future of surface shiwing remains sound. Young Brothers 

provides regular barge tr-rtation be- Homlulu and H i l o ,  3 

times a tie& and Matson freighters provide a limited service 4 to 6 

times per mnth be- Hilo and Hornlulu and me time a mnth direct 

ro mainland ports. 

Ebr ethanol distribution, it is p l a ~ e d  to negotiate w i t h  Pacific 

Resourcesr Inc. (PFU) for barges to haul the mutt to the PRI refi- 

nery at Barbers Point. PRI barges presently haul mtor fuel pmducts 

to Hilo and back haul aTipty. 

Ebr cattle feed tranqortation to Japanese markets either barge 

or trampline bulk cargo shipnents wuld be contracted for direct  ser- 

vice between Hilo and Yokohama. 

-mcERNs 

Introduction 

feedmill d ppaya pscessing faci- 

l i t y  selected in thi inaustrial/agricultural 

ix E which discusses 

for the proposed etha- 

U 
7-9 



~ 

L 
Description of the Environment 

The Puna D i s t r i c t ,  site of Pahoa and the ~ o p s e d  Pahoa amner- 

cial park is the easternmost region of the Island of Hawaii. It is 

smewhat mre than 50 square miles in  extent, and oonsists l k y e l y  of 

undissected volcanic @ads With Kilauea to the mrth and K a l a p n a  to 

the south. Between these @ands, extending eastward fKsTl the Kilauea 

Caldera ~ ~ ( p s l e x  to Cape Kumukahi and the sea is the Puna -ne and 

crater area -ked by eruptions. 

Ihe young l a v a  of Funs which mer mst of the district are 

covered w i t h  sparse organic soils. m s s  the west central prtions 

of the district are low-lying f e r t i l e  f ields with abundant vegetation, 

and upper slopes owered with open forests of chia. Rainfall is 

ablrndant. 

and in  the mst, highly productive sugar lands. 

In east Puna is found one of the state's mjor papaya areas 

It is generally tbnught that the Puna area is underlain by a 

basal lens of freshwater floating m denser salt water, but the 

southern part of the district oontains a n a r r o w  band of dike-confined 

freshwater. Salinit ies in excess of several hundred are found in 

m e  of the district's wells a t  relatively s h a l l o w  depths. 

moderate coliform oounts in me 01: two instances, ground waters show 

Except for 

no chemical CIT microbiologicaL features of concern. 

W i t h  its proximity to the fumeroles and other active features of 

Kilauea, it is not surprising that air and soil are influenced by 

distinctive volcanic diemistry. Included is an air Ercury level that 

ranges around 1 g/m3 Under virtually a~ conditions except heavy rains 

and strong tradewinds. In general, EO2 and H2S fall below 10 ppb. As 

in other volcanic regions, soils tend to run high in mrcury and occa- I, 
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sionally yield musual levels of arsenic and thallium. Vegetation 

tends to reflect elevated environmental 

Environmental Concerns 

s of these elements. U 

Ihe environmental amcerns relevant to the proposed inaustrial 

operations include: 
. .  * -  

Water quality deterioration 

a. holding pnds 

b. springs, wlls and other sources of ground waters 

O Noise pll 

O Soildisturbances 

a. habitat impairment 

b. exposure of erodible soils 

c. vegetation 

0 Air mity deterioration I 

one carried cut for 

the HGP-A well and the B a r m d l  Cpihikao 

recolTlmend€d. include water -and quality, mise 

ling e r a t i o n  is 

ioration, and biologic and ecological effects at  
.~ 

Monitor hydrogen sulfide oon ted locations 

within the industrial park canpound. Deploy indicator tags 
-LJ 
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(Metronics type) daily over 2-3 downwind arcs in  a concentric 

array to a maximum distance of about 1 m i l e .  

same1 with H2S indicator tags issued and reclaimed daily. 

I - 

L, Wnitor plant pr- 

In addition, air samples are taken within property l ines to 

monitor other potentially airborne mjor toxicants including S02, 

S03 (H2 SO4 aerosols) , €Q, A5H3 and Boron. 

Carbon dioxide d t o r i n g  is required d y  within poorly 

ventilated spaces m stagnant enclosures where pxsonnel m y  

experience even casual exposure. Build-up of the other relati- 

vely dense gaseous missions (eg. SO2 or Hg) would be revealed 

by their own cdors at  pre-toxic levels, a distinction not shared 

by q. 

Water Quality Monitorinq of Well Drilling Si te  and Environs 

Wing the initial m s  of drilling operations, take 

samples of water for the following analysis: 

1. 

2. A t  discharge p i n t :  

In-line n~asurements for arsenic, mercury and boron. 

a. Wtals: Arsenic, antinmy, beryllium cadmium, oopper 

lead mrcury, nickel, thallium zinc. 

b. Non-mtals, metalloids: Selenium, fluoride, boron. 

Any elements consistently below analytical detection levels 

can then be transferred to the "infrequent" list, subject to 

semi-annual ar annual review. 

Holding pond: Analyze all above listed elements mt trans- 

ferred to the "infrequent" category. For pond sampling, include 

top, middle and bot- depths at the center and edge. 

7-12 tar 



For the Puna Pquifer: m t e  springs, wells or other mur- 

- , ... . . . 
m e r c i a l  park saxnple 6, 

biding" period. 

Bioassays 

Establish two bioassay elements - one for atmospheric 

pollution, and the other for water. contamination. ~ e w  factors OT 

substances, OT canbination ktwrwn factors OT substances which  

I are individually harmless (e.g. synergists) can bring about I 

subtle I long-term e n v i r o m t a l  deterioration. 

This possibility should mt  be overlooled in  the mitoring 

" 1  program for I .  the ccnnnercial park developnent. me ethanol plant 

processes ambined w i t h  geothermal ,directheat applications frro- 

vide cunplex air and water sources of pssible toxicants a b x i -  

cant cmbinations. 

Air pollution Indicators 

urnamental OT fruit bearing 

ironmental quality. Initiate in- 
1 

depth analysis-of the_*ambient and air ffluents when any sign of 

to pirasitic infection occurs. 

I 

Little is known about unique pollution symptamatology 

liation and premature f ru i t  drop. 



Water Pollution Indicator .- 

LJ 
Maintain specific cultivated plants for water quality growth 

tests using hydroponic pmcedures. !the water sources are to be 

canpared amng: 

a. 

b. Geothemal discharge witers. ' 

Standard ccanplete nutrient (Hoagland types). 

C .  Geothermal discharge waters supplemented with mple te  

nutrient . 
U s e  test plants to detennine lay growth experiments. 

Include Chinese cabbage, -to, cucunber and eggplant. Examine 

for pathology and record growth fresh and dry weights. Menever 

growth is consistently inferior in wellwater and nutrients, iden- 

t ify the toxicants that are indicated. . 

Noise 

Carry cut routine m i t o r i n g  m t h l y  at w e l l  site and am- 

mercial park boundaries and at -half mile distance fmn 

source. Use mise limitations specified in U.S.G.S. Fegulations. 

G i v e  special ansideration to t ra f f ic  mise associated w i t h  

potential feedstock trucking -rations. When any change in 

plant operation m procedure i s  required, conduct an M i a t e  

noise check. 

E t h a n o l  Plant Assessment Progr am for Ccaranercial Park 

!the organization of an assessmnt -ram for the Pahoa m e r -  

cial park must include general tasks as w e l l  as those related to spe- 

cifics of site and use: 
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O D i r e c t  Environmental Baseline kquirements: 

W a. Site-use Independent . - 

b. Site-use Mated 

O D i r e c t  Ehvhrnnental Impact Ebllow-Lp: 

a. Site-use Independent 

b. Site-use elated 

O General Site Support Ehvhrnnental Concerns. 

ine tasks for surrounding 

O A t a l l y  of area (e.g. site plus 1 km ambient) endangered biota 

especially plant, bird ian species 
0 survey of similar extent and scope for historic m axhaeologi- 

cally valuable structures and sites. 

Mcrnitor mise standard oonforming to the USGS figure of 65- at 

the park property line. 

.For the proposed ethanol plant: 

Wnitor the fennenter-distillery unit area for alcohol 

alldeyde vapors and evaluation of-the 

biota to such volatiles. 

O 

O mitor disposition of s t i l l age  fran the fermentation process br 

concentrations of heavy metals and other toxicants, namly ~ g ,  

cadmium, arsenic and lead. 
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u Direct Environmental Impa ct  Follow-up 
. .  

by both the 

assessment program for the carrmercial park and the geothermal wellsite 

monitor pxgram. %e w e t s  of assessment - plants, soils, air, e&. 

-need mt be repeated kre, but, the timing of follow-up pograms is 

important . 
General site support mans those operations oontributing to 

geothermal kat-based alcohol paduction at the Palma Industrial Park 

but located elsewhere. Wse are the facility for canversion of 

cellulosic materials to glucose and any sites cxmnitted to cultivation 

of plants for biofuel-related uses. These additional support sites 

must also be reviewed for errvirmmental impact. 

Cattle Feed MiJ.l Assessment program 

The feed m i l l  has caily 2 basic OQnpOnents, thereby reducing the 

areas of errvizormental amcem. 

IXlst ptrticles generated in the dryer as w e l l  as in  the furnace 

are trm, oollected 

However, this is mt 100% effective, therefore the remaud er are 

reroved fram stack gases by a "baghouse installationn effectively 

reducing sllpnissions w i t h i n  the standard EPA limit of 40 lbs./hr. of 

any type of particle. 

vented to the furnace for incineration. 
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Standards and Agency - Recame . nded Values 

Threshold Limi t  Values: 
(Hawaii Occupational’ S Pct 57, 1972 - ty & H e h a  Stand 

W 
Revision - August, 1977). 

10 ppn for 8~hours 
. I  H 2 S  

=2 

H 2  a 4  

No2 . 5 p p n f o r 8 h o u r s  

5 p p  for 8 hours 

3 r n ~ n  for15 minutes 

cx) , 5 0  ppn.for 8 hours 

ASH3 0.05 for 8 hours 

Hg( 50 ugm for 8 hours 

Ambient Air Quality: 1 9 - 3  
-,pic 50 E@ 

it was deter- 

L, 
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obtaining govemental approval of the construction of the park, and a n -  - 

ducting business in the park. Scene areas of concern which require legal LI' 
. .  analysis have been identified as follows: 

1. m e r s h i p  of geothermal resources. 

2. 

3. 

Easemats for pipelines for transmission of the resource. 

County and State Fnnit t ing requirements for developent of the 

agricultural park instead of an industrial park. 'ihe following 

discussion is a co&ensation of Pspenaix B. 

ownership of Geothermal &sources 

A developer of geothermal resources in Hawaii should be aware 

that there exists a serious question as to who owns the geothermal 

resources located in H a w a i i  in parcels here the State of Hawaii did 

not explicitly reserve mineral rights. 

In states other than Hawai i ,  the question of amership of 

geothermal rights has arisen, and there have been debates as b 

whether geothermal resources should be axsidered a mineral, water, or 

- sui  generis. The tendency has been to classify geothermal resources 

as a mineral. However, the problem is mre ocmplicated in  the State 

of Hawaii . 
men if it is determined that geothermal resources are a mineral, 

i n  Hawaii there Will remain a second di f f icu l t  question: Who cxl~lls the 

mineral rights? Since Hawaii has never experienced any substantial 

amount of cxxrynercial mining, landmrs in Hawaii have generally mt 

been concerned about the ownership of mineral rights. NaJ that 

geothermal energy prcmises to be a valuable resource in  Hawaii, the 

ownership of mineral rights has becane an important esue .  Serious 
c, 
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questions have arisen as to whether or mt the State of Hawaii 

reserved mineral rights in a large number of land grants given w i t b u t  

explicit mineral reservations. 

W 

me matter w i l l  pmbably be ultimately decided by the &reine coyrt of 

Hawaii that geothermal resources are a mineral. l h i s  is the defini- 

tion established by the Hawaii State  legislature and favored by courts 

in other jurisdictions. 

mere exists a possibility that the State  of mwaii w i l l  attempt 

to claim all geothemal resources &r itself. Should it decide to do 

so, there are mailable owtain legal ,theories which  muld be invokd 

d resources by the State,  mineral rights owners should -wail 

over other claimants in the amtest over ownership of the resource. 

Because of the uncertain ge0-m 

rights in Hawaii, the prudent r should be careful to nqotiate w i t h  

the private landowner a geothemal lease which w i l l  anticipate the pssibi- 

.the Sta te  of Hawaii tn the geothermal resources. If the 

slandwithm mineral reservation to the State  

the developer and-wivate landowner should 

stion of payment of royalty in the event that 

me possible alter- geo 

ty. payments w i l l  be withheld by the deve- 

loper mti l  such 

mines who cms the g e o t h e d  xesource, at *ich time the developer w i l l  

that a court of aanpetent jurisdict finally deter- 

W 
make myalty payments to the rightful mer .  Such a provision, which is 
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LJ 
very favorable to the developer, has k e n  negotiated and agreed upon in 

certain geothermal lease cptions m w  i n  effect an the Island of mwaii. 

Another p s s i b i l i t y  is to p v i d e  that myalty payments will be mide to the 

landowner, presuming that the landowner is the owner of the geothermal. 

resource, until  a court of a m p t e n t  jurisdiction decides otherwise. A 

lease containing such a provision has been qot ia ted and is r a w  in 

effect  an the Island of Hawaii .  S t i l l  another alternative muld be to 

provide for the p a y m e n t  of myalty into escrow in an interest bearing 

account until ownership of the resource is detemined. 

A lessee under a geothermal lease, or any person acquiring 

the rights of a lessee in a geothermal lease, by carefully struc- 

turing the pmvision recognizing the uncertainty of ownership of 

the geothermal resourcesI can avoid the devastating possibility 

of double payment of royalty, minimize the exposure to expensive 

li t igation, and even enhance cash flow. 

Easemnts for Steam Transnission Pipelines 

A t  the present time, there is m statutory authority giving 

a producer or developer of geothermal resources a power of ani- 

nent danain ti0 acquire pipeline easements leading frm the 

geothermal ell to the industrial park. Public utilities are 

given by s t a t u t e  the right of aninent danain. HPS Section 101-4. 

Wver, Section 269-27.1(b) of the Hawai i  €evised Statutes, 

which was enacted in 1978, specifically excludes "the producer of 

geothermal steam cx electr ic i ty  generated from geothermal steam" 

from average of the term "public utility". 

Public U t i l i t i e s  Crnanission was one of the chief barriers we- 
AS regulation by the 

((b7 

7-20 



W venting the develowent of geothermal ksources, it wuld seem 

that  the exclusion, although l i t e r a l ly  re 

"producer of geothermal steam or electricity generated frcan 

geothe to inclMe geothenndl hot 

steam, 
~. 

ucers will mt be deemed 

nt ly  w i l l  mt  have the pwer of 

HRS Section 101-4. 

t ion as to b w  damain power of the 

idors for the pr- 
- 

poses of transmitting the geothermal rex)urce fran the wells to the 

agricultural site. Section 101-2 of the Hawaii &vised Statutes 

ptblic use." HRS 

eminent danain 

e OT necessary to exercise 

the right of eminent dcanain in the furtherance of any tal 

1 have paver . . ." HRS Section 46-61 provides that the Coun 

the pwer to "take private property for . . . rights-of-way for 

drains, sewers, pipelines, aquaducts 

-but- water to the 

for a g e o t h e m  pKdjec t  cannot 

language of the above quo 

legislation ' w i l l  have to be enacted 

acquisition 'of easemen 

transporting geothermal 

- 

i f ica l ly  allow the 

In the event an 

prior to the enactment of such legislation, it will be necessary to 

negotiate with the owners of parcels of land between the ell site and - 
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the agricultural park for easements for pipelines. 

such a task will depend upon the number of parcels involved, and the 

The difficulty of 

particular wedisposition of the landowners. 

State Permitting ~ e q u  irements for Developnent of an Agricultural  Park 

Introduction . 

Because the existing land ose classifications for the 

selected study site for the industrial park is zoned for agri- 

culture ard because mst direct use qlications involve the p 

cessing of agricultural products, the feasibi l i ty  of developing 

an agricultural park in l ieu of an inaustrial park was 

considered. Before an agricultural park can be developed, it 

. 

must be shown that the pmposed use falls within the permissable 

uses under the State Land U s e  Ckmnission D i s t r i c t  Wulations, as 

w e l l  as under the cwnty zoning Code. 

Statement m y  also be required, and, an amendment to the General 

Plan of the Oounty of H a w a i i  m y  also be necessary. 

An Environment mct  

S t a t e  Land U s e  Designation 

'Ihe State Land Use Carpnission District Wulations, Part 

111, 3-3(11) provides that "agricultural parks" fall within the 

permissible uses within an agricultural d i s t r ic t .  However, the 

t e r m  "agricultural parks" as used in the kgulations is generally 

understood to refer mre ly  to a subdivision located in  agri- 

culturally zoned land, 01: b a situation where the crops b be 

prccessed are grown on the land where the m e s s i n g  plant is 

located. The "agricultural park" contemplated by this study 

would pmbably be considered an industrial park, and muld pro- I; 
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-U 

bably not be found to fall  within the meaning of 3-3( U) . 
7 

Hawever., 3-3(10) provides. that permissible :uses i n c l e  

"buildings and uses, including but -mt limited to mills, storage 

and pmcessing facilities, maintenance facilities that are mr- 

mally ansidered direct (sic) accessory to 'the above permitted 

uses." The permitted uses" include cultivation of crops 

(including flowers, vegetables, foliage, fruits, forage and 

timber). !ibus, the ippposed anchor Mustries for the agri- 

cultural p r k  muld be permissible uses within the agricultural 

district if they are 'nmmally considered direct accessoryu to 

the cultivation of crops. %ere may be same question as to 

whether an ethanol plant is ummdlly considered direct 

. a c c e s s o ~  to the cultivation of timber ar other crops. 

If it is determined & the State  land Use Oarmission that 

any of the pmposed uses mntemplated by the agricultural park 

then'there would be 

possible murses of action. 

aspecialwepermit. I n a d  i fy  for a special use 

e use." The 

ion District &gulations, Fart V, 5-2 pro- 

pides the allowing guidelines 

nunusual and zeasomble use." 

1. 

applied in determining an 

Such use shall mt be contrary to the objectives sought to 

be acccmplished by the Iand Use Law and Regulations. 
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I: 2. That the desired use muld mt adversely affect surrounding 
. .  . . . . ~  . . . . -.. . . .  r ." , 

. .. -' ' ' . : property; . . '. ' .. . .; :. _. . . ; .. . , .. . .  . . .  . .  
. .  - . .  . . .  ..: .. 

3. Such use muld mt measonably burden plblic agencies m 

provide roads and streets, sewers, water, drainage and 

school improvements, and police and fire ptection. 

unusual Oonditions, trends ard needs have arisen since the 

district boundaries and regulations here established. 

That the land upon &ich the pmposed use is sought is wu i ted  

for the uses permitted within the District." 

%he ~ e d u r e  for =lying for a special use permit is 

4. 

5. 

described in m i x  E. 

Ihe advantage of a special use pernit is that it can be 

obtained simply and quickly. The disadvantage would be that the 

permit wuld be applicable mly  for the specific use petitioned 

for, Le., an ethanol plant, a cattle feed m i l l ,  01: a papaya pm- 

cessing plant. 

to -lace me of the original industries, ar if a new industry 

were to be added to the original industries, the new industry 

would have to c p l i f y  independently for a special use pennit. 

If at any t ime in the future a new industry were 

District Boundary mendment 

me other possible of action'- be to petition for 

a State Land Use District Boundary Pmadment fran agricultural to 

urban. %he procedure for petitioning €or a district boundary 

amendmMt is set forth in the State Iand Use Ocmmission's Rules 

of Practice and procedure, Part VI. The next step muld be to 

amend the munty of Bwaii General Plan so as to provide fbr 

- 

1.I 
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industrial uses at the rxo~psed site for the agricultural park. 

A general plan mmdment wad mt be necessary if the proposed rJ 

"alternate 

the Cbunty for rezoning of 

The mxt  step mad be to petition 

ssary to petition 5or subdivision 

. .  . 

%e study site se 

industrial' park i n  an agricul trict for Gwnty 

above, processing is limited to products pmd an the Prgnises. ' W  
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Since the groducts to be processed in the agricultural park presu- 

mably w i l l  not be produced on the Femises, it appears that the 
u 

. . . .  * *. . ,  
park kill mt be permitted under the q r i cu l tu ra l  

zoning. &zoning to industrial designation w i l l  thus be necessary. 

Hawai i  County Planning & permitting procedures 

The permitting w u r e s  as outlined by the Cwnty of Hawaii was 

designed to assure and lpovide both the plblic and policy-makers with 

an appartunity to review any project developent plans to determine 

the impact of such a project op1 the averall cuxnunity and environment. 

The pmcedure is merely a review process through hich all an- 

cerns can be addressed and the safety and well-being of the camunity 

d environment protected. me welfare of the people and the emiron- 

ment and the agplication of equitably reasonable requirements to 

achieve that end are accepted functions of govennnent. 

Many facimrs influence the length of time necessary for ampletion 

of the permitting process. 

ness and c la r i ty  of the information lpovided by the applicant, b) the 

existing wrkload of the review staff, c)  the minimum length of tim 

Sane of these factors are a) the ocmplete- 

which must pass before certain actions can be taken (prescribed 

l a w ) ,  d) the abi l i ty  and willingness of the q p l i c a n t  to amply with 

conditions required for appraval of ~l r ious  permits (e.gOI assurance 

that a l l  pssible mitigating masures w i l l  be taken with regard t~ 

noise) and e) the pblic's willingness to allow the approvdl of the 

applicant's project. 

In d e r  to -vent unreasonable delays fran occurring there are 

specific provisions in the l a w  which limit the maxinnnn time allowable 

for review of any one rnl icat ion.  
hi; 
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Provision for Infrastructure by the County of Hawaii For An 
Industrial Park 

t@on review of st to develop or any land within 

the Gotznty's jurisdiction, the planning Department would assess, in  

addition to other aspects, the Cbunty's existing plans for that area 

and the requirements for mads, sewers, etc. If the 

adevelopnent/imgmvment does require additional infrastructure and 

they are w i t h i n  the (bunty's :dans and fiscal RE-, it is possible 

that the Cbunty would mike those provisions deperding on the Faraject's 

timetable . 
ch the other hard, if there -.neither plans or funds available 

b make impmmmts, the develaper may be required.to pmvide the 

additional infrastructure ar be denied project approval. It is mt 

inconceivable, bwever, for government to anend its plans if a dew+ . 

l o p e n t  is seen to have major benefit to the ommunity. 

While the above discussion assumes the madway, for example, is 

County Qwned, it is pssible that it be Federal, State,  or Fprivately 

owned. In these instances, the developer must wrk-with the 

appropriate owners cm the question of additional infrastructure. Ihe 

paboa landfi l l  road, in specific, is a mty maintained, State owned 

on agricultural 

permit or floating zone ooncept are qlicable provided the project is 
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mall. 

developnent, a General Plan a m e n t  is called for. 

In this case, bwever, due to the nature and extent of the hp; 

. .  
The procedure for a General Plan amendment and related zoning 

changes are as follows: 

1. 

2. 

3. 

4. 

5. 

The applicant f i l e s  a General Plan amendment request with the 

County Planning Department. The Chapter 343 HRS requirements 

(EIA) would apply and the applicant should aonfom to them. 

trpon receipt of the application, the Planrung Department staff 

would review it w i t h  the EIA, and the Director W d  rnake a 

determination as to an EIS requirement. should the EIS be 

required, the e l i c a n t  must prepare and s u h n i t  same. In this 

case, it is reasonable to assume that an EIS muld be required 

ard the applicant should arnsider Sutmitting it with the in i t i a l  

awlication to save time. This step may take 4 to 6 IK)IltfiS. 

When the application and EIS review is aanpleted the matter goes 

before the Planning camnission for approvdl. ?he Planning 

Director then forwards the mtter to the cbuncil for 

mroval. L@n arrival by the Planning carrmission, the applicant 

may want to win preparing the next q l i c a t i o n  (boundary 

amendment), again to save time. This step my take fKm 6 to 8 

mths, and 

A boundary mendment e l i c a t i o n  must subsequently be filed Wi th  

the State  Land Use oaranission. This step, including review and 

amenchnent action, may take from 8 to 12 mnths. 

ample& the General Plan merriment process. 

The applicant must llow file another application with the Planning 

Department for a rezoning of the land fram agricultural to 
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industrial. 3his step,- including rezoning action, may take frm 4 

to5lrK)nths 

6. Final  plans fior 
. ,  . -  

permit, and, possibly, construction plans fbr a grading prmit are 

then ahni t ted  to the planning and the Public tbrks departments 

for issuance at their xespective pernits. mis step may take me 

month. 

kbcd pennittmg time including separation of an EIS may bke 

roughly fiour years to cmplete. &suning the agplicant &anits an EIS 

with the ariginal General Plan amendhtlMt request and that the sche- 

duling of all hearings, reviews, etc. are cunpleted within the mininunn 

time, as required by law, the processing may take about two years. 

In terms of the actual aonstruction, the custanary practice of 

the CbmW and state is to allow develcpnent to prcxeed m an incre- 

mental basis. ?hat is, unless the applicant can show sufficient 

reason for the entire 50 acres to be developed amcurrently, cnly por- 

tions of that 50 acres wuld be a l l&  to be developed at any given 

time, and in a sequential manner. 

surranary 
%e issues related tn impediments and ooncerns are a q l e x .  No 

easy ar early solution is readily apparent to assure a developer ar 

an investor that developrent of a geothermal industrial park w i l l  be 

an easy task. mre so perhaps than at other locations, it does appear 

that any developrent should be mdertaken w i t h  local partners who 

should be able to 

much mste mtion and as many p i t f a l l s  as possible. 

easily undertake 
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A mechanism does exist  to cbtain appropriate State and County 

zoning. mver, cbtaining that zoning w i l l  be tixne ammming and may .. I >  

take up b four years, Preparing and presenting the requests for 

zoning changes w i l l  be expensive for any developer. 

that the q l i c a t i o n  mst be prepared in mncert with the local 

camunity, addressing their concerns and issues. 

It is evident 
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DISCUSSION. AND OONCUZSION 

Discuss ion 

This study samined the Viability of a geothermal industrial park near 

pahoa. It entailed an analysis of both the ecom Viability of the 

* tenant industrie the geothermal resource and the park 

t. Also, recognizing that nture may be e c o d -  

cal in today's climate, unless the other issues are manageable, 
I 

then a success rdingly, the non-financial 

ustrial park viere evaluated. In 

the following ressing a nunber of the issues 
I ! -  that axdd thwart the 

I 

I Resource 
I 

Appendix A mta a mre-ocmplete discuss of the availability of 

the geothed resource' than was 

Chapter 2, it is mncl 

available within a reasonable distanceof 

Consideratim of the use of l o w  

was amsidered beyond 

that the geothe 

Scape of this study, 

,of legal aspects 

related to the direct application of geothe 

park oriented to agricultural m s s e s .  Abbreviated discussio 

issues e r e  cronta 



One of these legal aspects is the ownership of the geothermdl 
Lid 

resource. 

nunber of parcels here the land ownership has had a confusing history. 

It is clear that this is an unresolved issue particularly on a 
. I  . .  . 

. Hwever, the interests of the landowners, State of Hawaii, other 

interested -ties, are generally served by geothermal developnent 

proceeding. 

ment w i l l  be mrkd cut so that developnent w i l l  not be blocked while the 

legal issues are being resolved. 

ansequently it is believed that a mutually agreeable arraqe- 

%e acquisition of necessary easements for construction of a pipeline 

leading fram the geothemal w e l l  to the park can be a real barrier ib a 

developer. legislation m y  be necessary b pavide power of e n i n a t  danain 

so that energy corridors for geothermal pipeline transmissions can be 

provided. 

Appem3ix B also discusses State county permitting requirements 

oriented to the developnent of dn agricultural park as ocmpared b an 

industrial park using the premise that only agricultural pmducts muld be 

processed. 

necessary pexnits is discussed in considerable detail. 

The issue of rezoning of land use, ard procedures for acquiring 

Fran a review o€ chapter 7 and m i x  E, it is cx>ncluded that 

although the legal aspects of the industrial park developat require 

substantial attention, there is no special legal barrier that in itself 

w i l l  F l u d e  the p r k  developnmt. 

Social Impact 

In w i x  C, m. melope Canan, professor - Epmnent of soCiology, 

University of Hawaii at Mama, presents a background and rationale for 

social impact assessment. Dr. Canan stresses the of developing *.. 

kai 
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a wrking nude1 of the entire 'ty i n  m e s s  tn determine the social 

impacts of Qveloping 

should be a continuous ise 

energy. 

she argues that this 
bd 

~n Chapter 7 ,  amunity acceptance ana jab apportunities e r e  

discussed, The oaranunity acceptance-issues discus 

meetingsrwith representatives of the b u n i t y  do mt appear 

nature that wi l l  preclude dewlopent. me jcb es described in 
Chapter 7 can be a very favorable force w k i n g  tn p r k  devel-t. 

In s~mpnary, it is ocrncluded that the social impact of a p r k  develcp 

ing an q o i n g  partnership between the de- 

them to a substan- 

ArnaHui 

Ohana has presented a discussion relating labor prrocuresnent to e c o d c  

develapnent. He points to the need for a training program tihereby 

currently under-enq?layed local labor can be provided the necess 

for the developing geothermal technology, 

l i ty  in ppgrams at the Hawaii &unity 

c a d ,  there is flexhi- 

the Cbllege of 

COciLd help with broad Continuing Education and 

based training progrms aimed at meeting 

pers needs. mere is m assurance such 

careful attention by the many vested in 

Enviromental 

i ty  and the dewlo- 

will be developed without 

-U ~n chapter 7, the various aspects of an environmental impact 

assessment program were Ipesented. In Appendix E, k, Sanford Siege1 has 
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presented a mre detailed discussion for those readers requiring same. 

~ r m  an environmental standpoint, there does mt appear b be any unsur- LJ 
lnomtable pmblems that cannot'be suitgbly resolved. 

Financial 

In mndix F, Mc. Kenneth kNerney ard I%. John Wods have presented 

owditions *ich an investor and/or developer may expect general tenus 

from a lending institution. Providing the marketing, the technical. process, 

and the geothermal resource are properly addressed and presented, financing 

an industrial park developnent should not in itself be a barrier. 

Financial Viability 

This study was htitiated because there is a widely-kld belief that 

the relatively cheap energy mailable in a geothermal resource w i l l  attract 

industry. Although this is true in theory, *en it cunes to a specific 

site, particularly a ramte site such as pahoa, it is d i f f i cu l t  to find 

industries which muld mke the mve tD such a location. 

literature search identified 31 candidate inaustries, but this list w c k l y  

narrowed tn the following 8 inaustries that justif ied initial eccwVmic 

analysis: 

An extensive 

Etharrol Plant 

Cattle Feed Mill 

Papaya processing 

Protein Fscovery Plant 

Freeze drying of KOM Ooffee 

Lurker Kiln 

cement mrded wallboard 

&paculture 
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That economic analysis described in Ch 4 reduced the list of 
\ 

p t e n t i a l  industrie 

ecmxanic analysis. 

the ppaya processing plant. Fran the detailed analysis caily the ethanol 

plant is clearly an econanically attractive industry, ppziya processing is 

marginal, and the cattle feed m i l l  is mt endorsed. 

d y  three that justified &tailed -*ring and 

Ere the e-1 plant, the cattle fm' mil l ,  and 

Sllnanary Discussion . 

~aving examined all of the above issues, there is rn w e n t  

nshcrwstopl?erw to the 

park. ?here are cbviously scane d i f f icu l t  and acmplex issues a c h  w i l l  

have to be managed 6or a park to be successful, but there is mthing that 

precludes successful developent. Emever, a developer should approach 

planning for a direct heat e l i c a t i o n  in an industrial prk  near P a b a  

with great care. %he experience being acquired by those involved in the 

current geothermal 

ssful  developnent of a geothemal industrial 

urce developent should be W e d .  mere is a cnn- 

ge and expertise that has been acquired and 

arned through the naanerous hearings conducted 

ing geothermal technology infrastructure 

capable of providing engineering, financial, analytical, emrimmental and 

.of Hawaii and S t a t e  

of the necessary knowledge and 

the same mer, camunity 

pahoa Tbwn are 

industries in which  cost of energy determines its viability. It is I 
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diff icul t  b find an industry that has mre than 10% of its proauction 

costs represented by energy. In analyzing the ethanol plant, the exercise L, 
was am3ucted to raise the =ice of steam from $2.67/Mmu to $5.93/MEwu. 

This increase in steam price only reduced the internal rate of return fran 

43.6% to 40.1%. ?his insensitivity to energy cost is true of other industries. 

Conclusion 

A detailed lmk demnstrated that it is pactical to build an 

inaustrial park that klMild use geothemal steam near Pahoa in  Puna. The 

environmental, legal, geologic, and financial impacts are mnageable. zhe 

social impact can be managed mid& the park is not of such a massive 

scale to change the cfiaracter of Pahoa and grovided the residents are 

involved in the decision raking yrocess. 

Cellulose to ethanol plant a u l d  be an anchor industry in the industrial 

park if a proven process can be p v i d e d .  No other businesses were iden- 

t i f ied  d c h  muld just i fy  starting the prk.  A papaya processhg fac i l i ty  

would rtlake sense in the park if there is need for an additional pmcessirq 

plant in PUM, b u t ' w l y  does rnt justify relocation of existing plants. 

No other industry was discovered which WMild be clearly p f i t a b l e  in the 

geothermal industrial m k .  No existing process was identified which awld  

operate successfully in P a b a ,  and *ich had a large enough energy content 

to just i fy  the rove to Pahoa. No other potential process was identified 

that was sufficiently energy intensive to be further Considered. 

There my  be some industries which  were rejected which oould be deve- 

lopea to be wactical in ~ a b a  ly a research laboratory. thtil such laboratory 

generates new businesses rn until  an anchor industry such as ethanol pro- 

duction is amnenced, an irdepmdent industrial park intended tn uti l ize  - 

direct k a t  geothermal energy in Pahoa will be a very questionable investment. li 
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APPENDIX A 
w 

GEOTHEBMBL RESOUBCES OF PUNA 

by Charles E. Belsley 

HAWAII IRSTITUTE OF GEUPEYSICS 

The volcano Kilauea on the island of Hawaii has long excited 

scientists and laymen with i ts  spectacular displays of volcanic 

Most of th i s  activity is  confined t o  the sUmmir region a activity. 

of the volcano and, therefore, this  portion of the volcano has 

received most of the attention of volcanologists during th i s  

century. From the geothermal point of view, however, th i s  focus 

on the s d  region is some& misleading for only a small 

portion of the magma supplied from deep within the earth ranains 

in the 6uxd.t  region, either as intrusive8 or 88 surf ic ia l  lava 

flows. The majority of the magma supplied by the volcano 

estimated t o  be about 0.1 cubic b;m per year (Swanson, 1972) lewes 

the s u n d t  region af te r  a brief storage period via cracks and 

fissures associated with the southwest r i f t  

rift zone of the volcano. Much of th i s  magma eventually f b d s  its 

way t o  the surface where it forms extensive lava flows on the 

flanks of the volcano, however, a smal l  portion of the - magma, 

variously estimated a t  1 to 25 percent of the to ta l  volume, 

remains in the subsurface as small intrusive bodies distributed 

along the rift zone. These instrusive bodies are the source of 

i the heat for the geothermal resources along the r i f t  systen. 



The amount of heat migrating i n t o  the rift zones v ia  t h i s  

process qu i t e  la rge  f o r  a cubic meter of magma contains about 

50,000 BTU. Most of t h i s  heat, however, is l o s t  t o  the 

environment surroundhg the rift zone due t o  the f a c t  t h a t  the 

lava is  brought t o  the surface where it is cooled by exchange with 

is  

the atmosphere and groundwater. Only those portions of the  magma 

t h a t  remains deep within the subsurface retainmuch of t h e i r  

i n i t i a l  thermal energy. Assuming t h a t  1 percent of the magma 

supply remains in the subsurface (probably a low estimate),  me 

can ca lcu la te  a steady-state heat input i n t o  the subsurface 

portion of the lower east rift of Kilauea volcano of 

50,000,000,000 BTO per  year. Since t h i s  heat f lux  has been 

essent ia l ly  continuous throughout the l i f e  of the volcano, 

estimated t o  be about 100,000 years plus or  minus 50X, one can 

eas i ly  ca lcu la te  t h a t  very large heat resources a r e  l i k e l y  t o  

exist in the  subsurface beneath the r i f t  zone of Kilauea. - 
The geologic study of the Hawaiian Islands began many 

centuries ago, for  the Hawaiian legends have v iv id  accounts of 

volcanic ac t iv i ty .  These legends include not only a wealth of 

information about volcanic a c t i v i t y  in the  near past ,  but a l so  

include an h i s t o r i c a l  summary t ha t  properly iden t i f i e s  the 

progressive development in time of the  Hawaiian volcanic chain. 

Written descriptions of the volcanic ac t iv i ty  comm3nce shortly 
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fter the discovery of he islands by Capt. James Cooke 177 

E l l i s  (1825) provides the first written account of activity a t  the 

Kilauea S d t  and records native ac&unts of tlie past activity of 

Kilauea as w e l l  as other Hawaiian volcanos. Same of the more 

significant flows that: occurred in his tor ic  time the island of 

Hawaii are shown in Figure 1. 

ct ivi ty  in the Puna dis t r ic t ,  that  i s  the 

ystem of Kfiauea, i s  succinctly summarized by 

(1964). Em s in the lower ha l f ,  of the 

e .  occurred abou , about 1790, in 1840 and in 

1955, 1960 and 1961. In 1924, a ma 

eruption. ~ S 

subsidence oc 

caldera. 

suggests that the lowering of the 

resulted from the intrusion 

It is  not known where the lava w e n t ,  

vicinity of Kapoho. 

seven periods of intrusive OT extrusive volcanic 

lower east rift since 1750. 

e ns w e l l  observed and 

documented by MacQnald and Eaton (1964). fn general, the land t o  

the southeast of the eruptive centers subsided between 1 and 2 

feet  and was displaced horizontally t o  the southeast between 2.3 

and 5.4 feet during the eruption. This data suggests that a 

A-3 



Fig. 1. Topographic map of the island of Hawaii showing historic 
flows along the east rift zone of the Kilauea volcano. 
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U 
ne ar-vertical tabuuar intrusive a0djr"was emplaced in the 

subsurface during the eruption and that  the thickness of th i s  body 

was some 2 to 5 feet. This would make it comparable in thickness 

t o  other dikes observed in exposed, but older, r i f t  zones 

elsewhere in the Hawaiian Islands. 

GEOLOGY OF TEE EAST PUNA DISTRICT 

The only known geothermal resource in the State of H a w a i i  is 

in the eastern 

Kilauea volcano 

comes from de hin the earth and collects in .a shallow sqorage 

resetPoit beneath the stored magma 

leaves the sum 

as lava flows emerging t o  the surface along the rift zones. 

ow8 up again 

This 

process is i l lustreed diagramatically in  Figure 2. 

The southeast rift Zone o f  Kilauea commences at the Kilauea 

crater and extends in a southeasterly direction for about 4 112 

miles where it xualces an abrupt bend and continues on a trend of 

about N65E to Cape Kumukahi. This zone is marked by numerous p i t  

craters and cinder cones as well as a number of fissures from 

which historic lavas have come and a number of other cracks that V 
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Fig. 2. Vertical cross-section through the island of Eawaii showing the 
source of magma for Kilauea and &una Loa volcanoes and the 

shallow magma reservoirs that are the source of the lava 
observed in the eruptions along the rift systems. 
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extend several tens of feet  into the earth and have length of 

few of tens of feet  t o  several miles. Along th i s  zone of recent 

volcanic activity,  one can recognize more than 70 vents from vhich 

lava has issued either in historic or  prehistoric times. Some of 

these vents and cinder,cones as vel1 as fractures and faul ts  

associated Vith the eastern part of the southeast rift are shown 

in Figure 3. This figure, extending from Cape Kumukahi, the 

eastern most point of the island of Hawaii, to Heiheiahuhu a fev 

miles vest of the Pahoa-Ikimu road, shovs a number of the features 

associated With historic volcanic activity in th i s  region as vel1 

as a fev faul t  scarps and c s of prehistoric age. In this 

area, the rif zone appears t 4 km wide and consists of 

a 

Figure 4 extends these features further west along the r i f t  zone 

t o  the vicinity of Kalalua crater. Figure 4 also shws the s i t e  

of the 1961 eruption, which, along the 1977 Kalapana flaw, 

are canic act ivi ty  in the lower 

east r i f t  zone. Figure 5 from the Ucdonald and Abottcs book on 

er of parallel  t o  subparallel eruptive 

expressions of the most rec 

i ian Islands (klacdonald and Abbott, 

cia1 lava 

in  Figure 3. It should be noted that the 

is  not shown in th i s  

96 

figure 

, two features of considerable geothermal interest: (1) The vazm 

spring just  north of Puu Kukae and (2) The boundary of the graben ti 
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Kilauea volcano) (frgm Zablocki, 1977) Eruptive fissures are 
shown cross-hatched and faults are shown as solid lines with 
the dawn-thr- side indicated by dots. Inferred faults are 
shown by d a s b d  lines. 
are also shown. 

Prominent cinder cones and p i t  craters 

Figure 3 
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formed in 1924 and showed in  Figure 3. Other older maps also show 

a warn spring t o  the northeast of the warn spring 

in Figure 6. 

locali ty shown 

’ rom the above discussion it is clear that  the zone of 

intense volcanic act ivi ty  in , the  eastern part of the Pupa d i s t r i c t  

is very w e l l  expressed, both topographically and geologically. It 

i s  marked by a series of eruptive vents, fau l t  scarpa, historic 

and prehistoric cinder cones, a l l  of which present a strong H65E 

trend en geologic maps and aerial photographs. This zone of 

pronounced surficial features indicating the presence of volcanic 

activity a t  depth, varies i n  width from 2 t o  4 miles with the most 

active part apparently being confined t o  the zone of about 2 miles 

wide. 
. 

From geologic considerations alone, it is likely that much of 

th i s  region is, in the subsurface, a t  elevated temperature. As 

mentioned above, the older rift zones, exposed a t  the surface 

elsewhere in the Hawaiian island chain, consist of dike complexes 

in which the dikes vary in  thickness from 1 to 5 fee t  averaging 

between 2 and 3 feet. In the older r i f t  zones these dikes trend 

in various directions but generally have an werage trend within 

about 20 degrees of the trend of the rift zone as a whole. Where 

these dikes are exposed in rift zones, such as that of the Koolau 

Volcano on Oahu, they comprise some 25 percent or more of the 

to ta l  volume of the r i f t  zone. Thus, one can estimate that the 

east Puna r i f t  zone may contain 1000 to 2000 dikes in a generally 
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ew lava inoves f tine t o  t i m e ,  

Each of these numerous dikes is  intruded a t  a temperature in 

the vicinity of 1100 degreeo centigrade. Since the dikes comprise 

about 25X of the rift zone at depth, we can calculate that  the 

temperature within the rift zone, a t  a depth significantly below 

sea level where water circulktion has not been great, should be 

about 300 degrees centigrade; smning that the ambient earth 

condition i s  about 20 degrees centigrade aad tha t  no heat is  lost  

t o  the outside world, This assumption, of course, is  unrealistic, 

However, in view of the extensive heating tha t  takes place during 

during 

the emplacement of e dike, it may not be as unrealistic as it a t  

f i r s t  seems, Ertrptions, as should be obvious from the above 

discussions, occur frequently in the east Puna d is t r ic t ,  and since 

1750, have averaged about ope every 30 years, 

I 

- 

assage of magma through the dike during eruptions and 

This inferred subsurface geology discussed in the paragraphs 

above was confinned by the drilling of the HGP-A w e l l  in 1976. 

--Figure-7 shows the temperature observed in EGP-A under three 

conditions: (1) Natural earth temperature measured while the hole 

was s t i l l  f i l l ed  with mud, and therefore not convecting or 

l ly;  ‘(2) Temperature fie taken during the 

shut-in period a f t e r  production -had be and the’mud had 

been reuoved from the hole. This curve shows a much more elevated 

temperature than the natural earth tanperatare; appareatly 

resulting from fluids entering the hole a t  depth and leaking from W 
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Fig. 7. Temperature versus depth at the HGP-A well under three separate 
conditions (from Helsley, 1977) 
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it a t  the base of the casing, which i n  this  case was  a t  a depth of 

about 2250 feet. This shut i n  temperature cume is  important, 

however, for it gives us some idea'of what the ambient temperature 

is  a t  depths greater than 4000 feet;  depths that  were not observed 

tinder static codi t ions  with mud in the hole due t o  mudcaking in 

the hotter portions of ' the  reservoir. (3) Curve shows the 

temperature versus depth plot during production. During 

production the well flashes t o  steam within the w e l l  bore (and 

probably also within the formation autisde the w e l i  bore) and 

thus, the temperature is considerably lower in the producing zone. 

The rocks encountered during the drilling' of HGP-A give6 

. '  

* 

f e h e r  evidence of the subsurface conditions within the rift zone. 

Examaation of the cuttings cores collected during the 

dr i l l ing of HGP-A indicate that lavas of subaerial origin continue 

t o  w e l l  below sea 'level, These ~uaterials~continue t o  a depth of 

a t  least 450 fee t  below sea level and perhaps continue t o  nearly 

800 feet below sea level. These rocks of subaerial origin are 

characterized by high porosity With vesicularity ranging up t o  

25%. Below 1400 feet ,  the vesicularity appears t o  decrease 

markedly and the rocks begin t o  be progressively and pervasively 

30 epth I 

evidences of alteration with the formation of secondary minerals 

such as pyrite, chlorite, actinoli te and quartz, as w e l l  as 
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Fig. 8.  Alteration mineralogy observed in samples from E@-A (from 
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approximat ly 3000 f e  

i 

L 

t t the bottom of the hole. The rocks are 

not -vesicular below 3000 fee t  and even the fractures tend t o  be 

heavily f i l l ed  with secondary. minerals; This secondary 

mineralization of the fractures apparently provides a permeability 

barrier and pennits the formation of the reserpoir. 

The f luid within the HGP-A well has azz abnormally low 

salinity being approximately 15 percent of that-of normal 8ea 

water. The water table was not obseked during the dril l ing of 

wells indicate that the water table is  

but a few f e  roughout the region. Moreover, 

the chemistry of the fluid in the HGP-Awe11 indicate that a t  - 
ge i s  coming from relatively high 

elevations, say tha t  much of the 

HGP-A has an origin as rainf 

st iikely t h  n rainfall becomes 

ne t o  the vicinity of the 

probably due t o  fractures; fractures that may have been due t o  
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thermal s t ress ing  of the rock during previous eruptions. The 

presence of secondary minerals within the w e l l  indicates t h a t  

these fractures  are f i l l e d ,  thereby r e s t r i c t i n g  t h e  movement of 

w a t e r  and providing a "self-sealing" mechanism f o r  the geothermal 

reservoir  , 

EEGI0lU.L GEOPHYSICS 

Regional geophysical s tudies  of the  lower east rift have been 

conducted by both the H a w a i i  Volcano Observatory (USGS) and the  

University of Hawaii through the s tudies  of the  H a w a i i  I n s t i t u t e  

of Geophysics. The most prominent geophysical expression of the  

rift system in the  east Puna d i s t r i c t  is  a concentration of sma l l  

earthquakes along this zone. These are i l l u s t r a t e d  i n  Figure 9 

which shows the earthquakes during a representative period 

observed by the Hawaii Volcanoes Obervatory network of seismic 

s ta t ions.  The marked decrease in  number of earthquakes in the 

eastern portion of the rift is always observed and suggests t h a t  

the earthquake hazzard and r i s k  of volcanic e m p t i o n  decrease 

s ignif  icant 1y east of 

earthquake a c t i v i t y  with 

confined t o  a zone t h a t  

Heiheiahulu. The d i s t r ibu t ion  of the 

depth suggests t h a t  they are generally 

parallels the  r i f t  system but is  inclined 

s l igh t ly  t o  the south, t h a t  is, they express a f a u l t  zone t h a t  

dips  a t  an angle of 60 t o  70 degrees, with respect t o  horizontal ,  

t o  the south, The near surface portions of t h i s  f a u l t  may be much 

more ve r t i ca l .  

T 

Lvl 
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The rift zone al’so dominates the electrical  self-potential 

map Shawn in Figure 10, Positive self  potentials are thought t o  

be due t o  the leakage of warm water from geothezmal reservoirs in 

the above sea level portion of the island. Three such areas are 

denoted in Figure 10 and are labeled as A, &C, and D, A more 

detailed view of the B-C anomaly adjacent t o  the HGP-A well is  

sham in Figure 11. One must remember, however, that  the high 

self-potentials *shown on thes figures mrtst be created by the 

streaming’of yann fluids in the abweb sea level portion of the 

island and that  the-self-potential map i t s e l f  says l i t t l e  about 

the source of reservoim a t  , only the i r  zones 

Electrical conductiv een conducted on the 

lower east. rift, notably by Keller et al,, (1977) and Kauahikaua 

and Klein (1977) as well as m 

comm.). A l l  of these s a t  high conductivity 

zones are  present at depth, but none of these surveys has 

succeeded in penetrating t o  depths that are  sufficient t o  define 

resemoir boundaries, Thus, one can only say that  the region is 

highly conductive and underlain by rocks saturated with warm or 

hot water, but one cannot define where the wannest areas are. The 

most prominent of the anomalies ars t o  be in the vicinity of 

-.- 

e l l  as 

o crater (see Figure 3) .  
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Fig. 10. Contour map of the electrical self-potential observed in 
the lower east rift zme (dashed where inferred). 
circle shows the location of HGP-A. 

positive anomaly are noted A, B-C and D (from Zablocki, 
1977). 
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SHALLOW WELL DATA 

A number of shallow wells hwe been dril led in  the east Puna 

region in the search for probable groundwater as well as i n  the 

search for geothennal resources. The location of these w e l l s  are 

s h k  in Figure 12, which also indicates the temperature observed 

ia each of the w e l l s .  Wells nearest the rift zone have the most 

elevated temperature as would be expected i f  geothermal reservoirs 

a t  depth were leaking warn  fluids t o  the surface. Geol and Geo2 

are wells that  were dril led near the Pahoa-Kaimu road in the 

vicinity of the 1955 vent by an exploration company in an early 

attenpt t o  discover geothermal resources. The same is true for 

the w e l l  labeled Geo3. Temperature profiles for  5 of these w e l l s  

are  shown i n  Figure 13, Geo2 has the highest temperatures, but 

the w e l l  does not reach sea level, and thus, the temperature is  

only indicative of the steam phase in the w e l l  bore. a 0 3  does 

reach sea level and has a temperature in excess of 90 degrees 

centigrade and has been stable a t  this  temperature throughout the 

past  decade, indicative of reasonably large resource that is 

recharging th i s  w e l l .  Since the water table i s  always near sea 

level in this  region, and the above sea level rocks a revery  

porouss it is  very unlikely that  temperatures much in excess of 

100 degrees centigrade w i l l  ever be observed in shallow Wells, 

although an abundant warm water resource i s  present a t  a depth of 

a few hundred t o  a thousand fee t  in the region. 
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The i s l a n d  of Hawaii is very young, with the oldest rocks now 

exposed t o  the surface being less than 500,000 years old, The 

Kilauea volcano is  even younger and few of the surface rocks on 

Kilauea are older than 2000 years. Any area with young geologic 

features has concornmittant geologic hazards and Kilauea volcano i s  

no exception. The primary hazard along the rift zone consists of 

earthquakes, lava flats, eruptions, and sudden ground movement . ,  

associated with faulting, .Although these hazards are present, the 

e i c  r i sk  is  probably small. 

The fargest earthquake in the recent past was the Kalapana 

earthquake of 1975 W7.2) e Smaller earthquakes occurred in 1954 

in le29 (ME 6.5), and in 

1868 (large but magnitude ). Deopite the s i ze  of these 

earthquakes , l i t t l e  structural damage' occurred and accellerations 

rarely exceed Oe4g. These accellerationo have a peak amplitude 

response primarily in,vertical direction. In a r isk analysis. for 

the current - vel1 .site (Rogers .Engineering* 19781, it was 

recommended that the design c r i te r ia  for  primary components 

ose rfailure involves severe economic loss or 

l e  loss  of l i fe  or severe injury) be adequate t o  withstand a 

ground accelleration of 0 e41 t h  a response spectrum peaking a t  

approximately 4 hz cter is t ics  were recarmpended on the 

basis of a 30-year design l i f e  and an arrstxmption that it was 

, -b) 
acceptable for  the ground accelleration t o  exceed 0.41g .with a 

A-25 



b’ 
. ’. . .  

probability of 10 percent in the 30-year period. 

Volcanic hazards within the r i f t  zone can be divided into 2 

categories: Those due t o  events taking place in the immediate 

vicinity of an eruption and those tha t ,a re  associated with the 

downslope movement of lava issuing from a vent. The best, and 

perhaps only, way of mitigating the f i r s t  hazard is t o  locate the 

physical fac i l i t i es  outside the zone of potential active eruptive 

activity. The industrial park s i te  being considered is  i n  such an 

area. Within the rift zone i t s e l f ,  past eruptions have been 

frequent in same areas and virtually absent in others. Thus, even 

within the r i f t  zone there are areas where the hazard due t o  

eruptive activity can be m i n i m i z e d ,  perhaps t o  the point of being 

insignificant. The area between the 1840 vents a t  the north edge 

of the rift zone, and the 1790 and 1955 vents at the swth  edge of 

the The bulk of 

the Leilani Estates may also be in such a relatively law hazard 

area. These areas, while having a low hazard relative t o  eruptive 

activity, have a high hazard relative t o  lava flaw. The lava 

flows tend t o  pond and flaw within the r i f t  zone area as is 

evidenced by the 1790 eruption which underlies much of Leilani 

Estates. Outside of the r i f t  zone, there is s t i l l  a significant 

hazard due t o  flaring lava. The use of a r t i f i c i a l  barriers or 

construction on high ground tends t o  minimize this hazard. 

According t o  the Rogers Engineering report, 3 to  8 percent of the 

land area within the r i f t  zone i s  likely t o  be buried by lava 

rift zone is such an area (see Figures 3 and 5). 
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flows in  any 

' .  . . .  . .  -i * ' . .  ,. . . . .  , .  
eriod, while on 5 to  . 3  &percent of 

the area outside the r i f t  zone would be covered during the same 

period. 8 location of the major physical facil i t ies outside 

the rift zone, particularly if the location is i n  an area of high 

ground, should provide .an adequately pw risk for  a major 

investment. 

Ground subsidence has historically been limited t o  the rift I 

zone itself or t o  areas t o  the south of the rift zone i n  the . 

vicinity of the Halini Pari fault zone. Subsidence occurred 

within the rift t o  in 1924 and again in 1955. in association with 

eruptive activity and also occuredsouth of the rift zone in 1975 at 

the time of the 1975 earth re is  no histor ic  record of 

. .  

installation, with 

should a fracture intersect the well bore. This an unlikely 

possibility and can be best mitigated by h ing several producing 

wells separated from each other by some distance. The pipeline 

itself should not be injured by earthquakes, nor should eruptive 
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activity disturb it so long as steam continues to  flow within the 

pipeline fa r  it is then essentially self-cooling. Lwa flows, on 

the other hand, could disrupt the pipeline i f  they become very 

viscous or blocfry, while l i t t l e  disruption is  likely t o  occur i f  

the pipeline is  w the surface and is  overrun by the very fluid 

flow. Hazard t o  the pipeline CBP probably be minimized by shallow 

burial or by surface installation with downslope support 

structures. Since the pipeline must be designed with numerous 

expansion joints in order t o  accommodate thermal expansion and 

contraction, ground eubsidence or extension should hwe l i t t l e  

effect on i ts  operation. 

.. 

In 8ununary8 the geologic hazard inherent in the east Puna 

region can be greatly minimized by careful selection of industrial 

park si te and by awareness of the natural hazard of the region 

during design and construction of a l l  surface faci l i t ies .  

Although it is diff icul t  t o  estimate the extent of econamic loss 

that  might result  from the natural hazards of the area, the risk 

of significant economic loss should be considerably less than 5 

percent during the useful l i f e  of the installation (estimated as 

30 years) if care is used in the choice of s i te  and proper 

engineering design and construction techniques are used. 

A-28 
'J 



7 .  . .  ..;. .. . ., r :. . , ., 2 ' ' : .  . *, I . .  ' . . ...' :...,. r:... . . I  
.. . 

I S  m SUMMBdY 

The major resources within the region are likely t o  be found 

in association with the Pmile-wide r i f t  zone that  extends i n  a 

N65E direction from the vent 4 1/2 d l e s  south of Kilauea t o  Cape 

Kmdcai, Exactly where the resources w i l l  be along th is  trend is, 

a t  present, anyone*s guess, for w e  have t l i t t l e  geophysical 

data t o  pinpoint detailed targets, However, the surface 
I 

geological expressions suggest that  resources are likely t o  be 

found more or less continuously thnkghout this  tone, rather than 

in only a f e w  at& spots. n u s ,  for planning purposes, a 

model s i te  seem appr curs it may be 

and a half of the 

vide evidence of a 

ary of the Leilani 

Estates. 

It is 'expected tha t  future d e southwest r i f t  

of Kilauea W i l l  resul 

j three miles, thus planning for  industrial parks should be 

aufficiently flexible that they can located near one of these 

development areas rather than requiring a development area of . 

their  own. 

that one such s i te  might be due north of the HGP-Awell .  However, 

the site under study is  ideally suited for the dr i l l ing that is  

currently going on a t  the Craddick-Barnwell location which is  

The existence of 'the current HGP-A w e l l  would suggest 

approximately 3 miles SSE of the proposed si te adjacent t o  the 
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easternmost vent of the western zone of the 1955 eruptive 

activity, 

The geology and his tor ic  volcanic act ivi ty  of the lower east 

rift system of Kilauea volcano suggest that geothermal resources 

w i l l  be found a t  numerous sites between Cape K d a h i  and the 

National Park boundary, The tone of geothermal potential is on 

the order of 2 miles wide, and the resources are likely t o  be 

found to  3 thousand feet below sea level throughout this zone. 

However, the western, higher elevation portions of the rift system 

hwe considerable higher risk of lava inundation, thus the ideal 

areas to  be considered for ini t ia l  development probably . l ie  t o  the 

east of Heiheiahulu which l ies  about 2 miles w e s t  of the 

Pahoa-Kaimu road. The resources available even in th i s  limited 

2 

I 

area probably sufficient t o  supply the need of a t  least  ten 

industrial parks the size of the one envisioned, 
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FIGURE' CBPTIONS 

Figure 1. Topographic map of the is land of H a w a i i  showing h i s t o r i c  
b 

fl&s along the  east rift zone of the Kilauea volcano. 

Figure 2, Vertical cross-section through the island of H a w a i i  

showing the  source of magma f o r  Kilauea and Hauna Loa 

volcanoes and the shallow magma reservoirs t h a t  are 

the nouzce of the  lava observed-in the eruptions along 

the rift systems. 

_ i  z 

onic map of the  t Puna region (hwe ae t r i f t  zone 

of Kilauea volcano) (from 2 i, 1977). Eruptive 

f h 8 U r e ~  are shown cross-hat and f a u l t s  are shown 

as solid l i nes  with the down-thrown s ide  indicated by dots. 

Inferred f a u l t s  are shown by dashed l ines ,  .Prominent cinder 

cones and p i t  craters ar 

Figure 4, Hap 03 par t  of the east rut zone 
showing f au l t s ,  cracks'and 'I 

t of Figure 3 

d in 1961 (from 

i ch t e r  and other,  1964). 

of the  eastern portion of t owing t h e  lava 

flows of 195s an er h i s t o r i c  flaws 

(from Hacdomld and BbbOtt, 1970). 

Figure 6, Hap of the eastermno r t i o n  of the island of H a w a i i  showing 

d i s t r ibu t ion  of the lava flows erupted in 1960. Note 

A-33 
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. location of the'area of the waim spring covered by the 
' L '  

1960 lava (from Macdonald and Abbott, 1970). 

Figure 7. Temperature versus depth at  the HGP-A w e l l  under three separate 

conditions (from Helsley, 1977). 

Figure 8. Alteration mineralogy observed in samples from HGP-A (from Stone 

1977). 

Figure 9. Map showing the distribution of earthquakes asiociated with 

the east rift system of Kilauea. Note the marked decrease 

in number of earthquakes per unit t ima in the eastemmost 

portion of the rift. This boundary lies just  to  the 

w e s t  of the Pahoa-gaimU road. 

Figure 10. Contour map of the electrical self-potential obserrred 

in the lower east rift zone (dashed where inferred). 

Crossed circle shows the location of EGP-A. Areas of 

maxhum positive anomaly are noted A, B-C and Do 

( from ZablOCki, 1977). 

Figure 11. Detailed contour map of the electrical self-potential 

in the vicinity of HGP-A. Rapid changes in potential , 

are indicative of a near surface origin fo r  the anomaly. 

(from Zablocki,1977) 

Figure 12. Map of the Puna dis t r ic t  showing the location and temperature 

(from Kroopqick e t  al., 1977). of a l l  groundwater source 
b, 

A-34 



. .  I ’  . .  
Figure 13. . Temperature observed in selected wells of those shown in 

. .  

Figure 12 (from Epp and Halunen, 1979). 
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APPENDIX B 
- 

ECTS OF DIRGCT APPLICATIONS OF GEOTHERMAL 
EJERGy IN AN AGRICULTUW& PARK IN PAHOA, HAWAII 
Sanford K. Okura - Carlsmith, Carlsmfth, Wichman and Case by: 

I. IN!l'RODUCTION: 
, I  

The development of an agricultural park.in Pahoa, 
e 

Hawaii, will involve drilling for geothermal resources, trans- 

porting the geothermal resources from the well sites to the 

agri&ltural park, the obtaining of governmental approval of 

the construction of the agricultural park, and the conducting 

of business in the agricultural park. Some areas of concern 

which require legal analysis have been identified as follows: 

(1) Ownership of geothermal resources, 

(2) Easements for pi es for transmission 
of the resource. 

equirements 

rk, 

If. OWNERSHIP OF GEOTHERWG RESOURCES IN HAWAII: 

. 
'n Hawaii should 

s to who o m  



the 

the 

goethermal resources located in Hawaii in parcels where 

State of Hawaii did not expiicitly reserve mineral rights. 
- 

In states other than Hawaii, the question of owner- 

ship of geothermal rights has arisen, and there have~been 

debates as to whether 'geothermal resources should be consid- 

ered a mineral, water, o r  sui generis. 

to classify geothermal resources as a mineral. 

prdblem is more complicated in the S t a t e  of Hawaii. 

The tendency has been 

en if it is determined that geothermal resources 
are a mineral, in Hawaii there will remain a second difficult 

question: Who owns the mineral rights? Since Hawaii has 

never experienced any substantial amount of commercial mining, 

landowners in Hawaii have generally not been concerned about 

the ownership of mineral rights. Now that geothermal enexgy 

promises to be a valuable resource in Hawaii, the ownership 

of mineral rights has become an important issue. Serious 
questions have arisen as to whether o r  not the State of 

Hawaii reserved mineral rights in a large number of land 

grants given without explicit mineral reservations. 

(B) Eawaii's statutory definition of geothermal 

resources as a mineral. 

In 1963, the Hawaii State Legislature enacted 

Act 11 (now EELS Chapter 182) with the expectation that 

bauxite (or  gibbsite) w h i c h  had been discovered i n  certain 
, 
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. .  

of the Hawaiian , would be commercially mined. 1 
HRS Chapter 18 rovides for the rese 

rights to the 

govekent mineral rights, including details concerning 

mining leases, explorati 

I 
te, as well 

As origi cted, HRS Chapter 182 included 

In 1974, the Hawaii a definition of the word llminerals.fl 

S t a t e  Legislature enacted Act 241, which amended HRS Section 

be a mineral. 
As will be shown below, the problem has not 

. -  

was thus providing 

e State of Hawaii 

ad granted 

land without resenting mineral rights. * However, contrary 
LJ 
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t o  the assumption of &e l e d s l a t u r e ,  a 1977 study of grants 

and land patents f o r  parcels adjacent t o  the i n i t i a l  

geothermal sites in Puna showed tha t  57% of the area is 

either owned by the State o r  held under an 

reservation t o  the State, 12% of the area is without mineral 

reservation t o  the S t a t e ,  and approximately 30% is held by 

private owners under documents lacking an exp 

reservation, but deriving from land grands originally 

patented subject to an explicit r e s e r v a t i ~ n . ~  I t  is 
expected that geographical areas other than the Puna 

D i s t r i c t  w i l l  s imilarly have a -substantial  percentage 

of grants i n  w h i c h  the State did not expl ic i t ly  reserve 

mineral rights 

(2) Statutory Re- ' ement of Reservation of 

Mineral Rights, 

The statutory requirement t h a t  the Hawaiian Govern- 

ment reserve mineral rights t o  itself was first found in I 1 A n  

A c t  t o  Organize The Executive Departments of the Hawaiian 

Islands,11 which was enacted on A p r i l  27, 1846, by the Nobles 

and Representatives of the Hawaiian Islands. One section of 

t ha t  A c t  provided the form w h i c h  was t o  be used for  a l l  royal 

fee simple patents disposing of government .lands. That form 

included the phrase llexcepting and reserving t o  the Hawaiian 

B-4.  



Government, a l l  mineral or metallic mines, of every 

description. l t6  

In 1859, the King, Nobles, Representatives 

of the Hawaiian slands enacted The C i v i l  Code of The 

'Hawaiian Islands, effective August 1, 1859. Since the 

ode was a comprehensive s t a t u t o q  scheme, it 

necessitated repeal of various s ta tu tes  which had 

been enacted from 1845 t o  1856, including most of "An 

. A c t  t o  Organize e Departments 

Islands. If The form royal fee simple 

required a mineral reservation was one of the numerous 
7 repealed. 

r w e r e  to be 

ch was enacted 
mineral r ights 9 i n  1963, also p 

o r y  requirement 

existed from 'Au 

i 



W i t h  the exception of a f e w  royal grants made 

before 1848, tfKameh&ehat8 deeds issued up t o  1865 and 

Quitclaim D e e d s  issued by the Minister of the Interior 

around 1882, a l l  of the land grants or  patents issued from 

1846 u n t i l  the Annexation of Hawaii included a reservation 

of mineral r ights  t o  the King; the Provisional Government 

or the Republic.'' However,. in 1900, the mineral reserva- 

tion w a s  removed from the patent form. 

again began t o  include mineral reservations in patents, but 

not consistently. 

In 1955 the Territory 

Since 1963 the mineral reservation has 

been standard; Thus, between 1900 and 1963, land w a s  fre- 

r ights  t o  

Bawd5 is 

quently8 if not typically, conveyed by the Territory and 

l a t e r  by the S t a t e  of H a w a i i  without res 
the government. 11 

(3) Land Commission A w a r d s  and Royal Patents. 

The question of ownership of mineral r ights in 
further complicated by the method by which fee 

simple lands w e r e  originally granted i n  Hawaii. The enact- 

ment of the s t a t u t e  of December 10, 1845, created the Board 

of Commissioners t o  Quiet Land T i t l e s ,  commonly known as 

the Land Commission. On April 27, 1946, this s ta tu te  was 

re-enacted as Article IV of An A c t  t o  Organize the Executive 

Departments of the Hawaiian Islands.12 In 1848, there 

occurred the Great Mahele, or division, wherein there was 
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a clear  separation of the ri 

King on the one h 

the other. 

participated in the Great Mahele were required t o  there- 

after present their claims before the Land Commission t o  

receive a w a r d s  covering the 1 

Kamehameha, ‘ I d 4  The land c ssion handled over 12,000 

t d belonging t o  the 

chief and the lesser konohikis who 

, and t o  the chiefs and’konohikis on 

 such claims from 1848 

A Land‘Commi complete title t o  

rnmentps r ight  of the land confirmed, except 

The royal patent 
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. .  . .  . .  . .  
issued upon said awards contained mineral reservations. 

In a proceeding before the court t o  register t i t l e  

i n  the lands, the Land Court held t h a t  the statutory form 

of patent requiring a miner 

sales of government land, t o  patents issued on 

Commission Awards ,  

question contained no ral reservation, the resemation 

i n  the patents was improper, The Supreme Court reversed, 

holding t h a t  the statutory  form of patent, which included 

a mineral reservation, applied t o  both sales of governme& 

land and to patents issued on Land Commission A w a r d s ,  and 

t h a t  an award issued without the required mineral reserva- 

t ion implicit ly included such reservation. 

In R e  Land T i t l e  Robinson holds that where a Land Commission 

A w a r d  w a s  issued without a mineral reservation, and was 

followed by a royal patent w i t h  a mineral reservation, 

mineral rights are reserved t o  the S t a t e ,  

noted that two of the five Supreme Court Justices 

dissented. 

. 

In short, 

I t  should be 

The court in In R e  Land T i t l e  Robinson specifi- 

cal ly  l e f t  open the question as to who owns the mineral 

r ights  where neither the Land C o d s s i o n  A w a r d  nor the royal 

patent issued upon the award reserves such rights t o  the 

S t a t e  21 That question, i f  and when raised i n  the courts, 
f 
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aiver," L e . ?  did 

and Commission 

award without mineral Award and a royal patent o 

kely hold that the mineral 

reservation is  

d or the royal patent. ch an outcome 

ctrine that a royal patent was 



I -  

Memorandum, 

In addition t o  conveyances by Land Commission- - 
A w a r d s  and Royal Patents, original land t i t l es  in Hawaii 

were conveyed by the King or  government by me- of 

Kamehameha Deeds, Grants, Royal Patent Grants, and other 

government grants. one of the most significant questions 

remaining unanswered concerns the ownership of mineral 

lands originally conveyed by such documents , 

between 1859 and 1963 without a mineral reservation t o  

the Hawaiian government. 

Department of the Attorney General of the S t a t e  of Hawaii 

on August 25, 1976, the Attorney General's off ice  stated 

its opinion that unless a reservation of mineral r ights 

expl ic i t ly  appears i n  a grant23 made between 1859 and 

In a m&orandum issued by the 

19638 the mineral r ights are not reserved t o  the State. 24 

The Attorney General memorandum is a short state- 

ment based on rather limited research, I t  apparently did 

not take into consideration pol i t ica l  factors which may 

ultimately determine the resolution of the question of 

ownership of goethermal resources, 

apparently assumed that  it was putting geothermal resources 

AS the S t a t e  legislature 

i n  the hands of the S t a t e  by enacting the amendment t o  HRS 
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. ._ '. .. .. . .  . .  . .  -. . ... . ' 1 .  .- . .u. . c > . . . . .  . . . .  , . .  
1 Section 182-1, it is possible that the State may now attempt 

t o  look for  some other means of claiming t o  itself the 

valuable resource. 

(D) The Bawaii Supreme court's proclivity t o  s ta te  

ownership of valuable resources. 

I (1) Beaches, 

In the case of In R e  App l icat ion of Ashford" the 

F f a w a i i  Supreme Court w a s  faced w i t h  the question'of the loca- 

t ion -of the makai (seaward) boundary of two parcels of land 

w h i c h  were described i n  the royal pate ng "ma ke 

kai" (along the sea). The c 
t h a t  the boundary should be a t  m e  

determined by a survey based 

Coast and Geode S h e y .  Sta 

of the U.S, 

j laws'are unique tha t  they are based on ancient tradit ion,  

custom, practice and usage," the  court approved testimony 

that according t o  ancient tr 

boundary dividing private land and public beaches w a s  along 

the upper 'reaches of 'the waves as represented 

of vegetation or  the l ine  of deb 

dissented, pointi  

years the l e g i s l a t i  

government i n  Hawai  gh water 

stom and usage, 

a t  for nearly 50 

ive and judicial  branches of 

. ,. 
I . .  



l i ne  as the location of the high water mark i n  si tuations 
involving private rights. 26 

In County of Hawaii v. Soto~nura,~' the court 

reaffinned the Ashford doctrine and further held t h a t  where 

the wash of the waves is marked by both a debris l ine and a 

vegetation l i ne  lying further mauka (inland), the boundary 

l i n e  lies along the vegetation line. The court  concluded 

t h a t  a l l  of the land below that line belongs t o  the S t a t e  

of Hawaii. 

majority opinion which held that the boundary line lies 

along the vegetation line,' on the ground that the majority 

w a s  engaging in judicial  law-making. 

Justice Manunoto dissented to that p a r t  of the 

Sotomura w a s  followed by In R e  Application of 

Sanborn,'* wherein the court held that even where a private 

landowner held a land court decree containing a description 

i n  azimuths and distances of the high water line, such 

description was i n  error  and the true m a k a i  boundary w a s  

the vegetation l ine.  

Supreme Court has firmly claimed t o  the S t a t e  a l l  beach 

property below the vegetation l ine.  

It  thus appears t h a t  the Hawaii 

(2 )  Water i n  natural watercourses. 
In the case of McBryde Susar Co. v. Robinson, 29 

the Supreme Court of Hawaii held that the r ight  t o  water 

could not be, and w a s  not transferred by Land Commission 
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A w a r d s  and Royal Patents. A l l  water i n  natural watercourses 

s ta te ,  subject t o  certain appurtenant rights 

t o  the water. Justice Muramoto dissented t o  

McBryde I, and both Justices Levinson and Marumoto dissented 

t o  evinson entered into an 

extensive analysis of Hawaiian water law, arguing for 

private ownership of water, One of the private land 

owners subsequently fi led a complaint i n  U.S,  D i s t r i c t  Court, 

was unconsti- 

p, 559 (1977). The 

reme Court's decision 

aled t o  the Cour t  

's most recent ac t  o 

ow extended, 

denying tha t  customary Hawaiian usage had been established 
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i . . . ;. :. <. . . . ... ... ... _... -: . . . . . . . , . . . . . t'.. . .. . - .. . .. . . .  , . . . , .  . -  . .  . . .  , .  .i. . .  , .  - .  . . by 'a go*ve&enhl. a&. in "18;7.~'which recognized. private 

ownership of land formed i n  the lava flow of 1868. Judge - 

Vitousek, a circuit court judge s i t t i n g  i n  for Justice 

Kobayashi, dissented vigorously. 
I The l ine  of cases from Ashford 

s l a t e s  the strength and consistency of the H a w a i i  Supreme 

Court's bias toward State ownership of valuable resources. 

If either the state legislature or Supreme Court decides 

tha t  a l l  geothemal resources should be owned by the State, 

there are a number of theories w h i c h  may be used in an 
attempt t o  support such a claim, 

(E) Possible theories for  S t a t e  ownership of 

qeothermal resources, 

1. No repeal of Mineral Reservation Requirement, 

A close reading of In R e  Land T i t l e  Robinson reveals 

that, contrary t o  a statement made in the Attorney General 

memorandum, the court in t h a t  case did not expressly nhold*l 

t ha t  the change in the law was a repeal, but rather Charac- 

terized the change as a *'repeal" without discussing the 
~ 

issue as t o  whether or  not the repeal w a s  intended, The 

argument might be made by the State t h a t  the recent enact- 

ments of HRS Section 171-58 and HRS Section 182-2 merely 

continue the requirement t h a t  government grants of land 

reserve mineral rights, which requirement was inadvertently 

B- 14, 
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omitted from the statutes a f t e r  1859. The continued prac- 

tice of reserving mineral r ights t o  the government a f t e r  

the statutory requirement was dropped i n  1859 and un t i l  

1900 might be cited as evidence t h a t  the Hawaiian govern- 

ment never intended t o  permit grants without mineral 

reservations 

(2 )  

usufruct of land. 

In the case of McBryde Suqar Co. v. Robinson, supra, 

the Supreme Court of Hawaii held t h a t  "the ownership of water 

i n  natural water courses, streams and rivers remained i n  the 

ght have been used t o  

U 
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claim f o r  the S t a t e  the rights t o  a l l  water, the language 

in the opinion specifically referred t o  water i n  "natural 

water courses, streams and r iverso t#  

In the dissent of Judge Levinson in McBryde 11,33 

it is aptly pointed out that "to say tha t  the King retained 

the power t o  'encourage' and 'enforce' the 'usufruct '  of 

land is not t o  say that, ipso - f  facto he retained t i t l e  t o  

a l l  surface water in his kingdom. 

majority in the McBryde cases held that as .one of the 

Nevertheless, the 
* 

1~ most important usufruct of land, the r ight  t o  water is 

reserved t o  the S t a t e ,  

The question arises as t o  whether geothermal 

resources might be deemed t o  be an important usufruct of 

lands, which Land Commission A w a r d s  and Royal Patents could 

not grant, and w h i c h  were therefore resenred to the S t a t e  

even i n  the absence of any language i n  the grants regarding 

mineral reservation, The term trusufructlr is defined as 

"The right of enjoying a thing, the property of w h i c h  is 

vested i n  another, and t o  draw from the same a l l  the prof i t ,  

u t i l i t y ,  and advantage which it may produce, provided it be 

without a l ter ing the substance of  the thing. !13' I t  is 

arguable t h a t  if the right to water is t o  be considered a 

usufruct of land, then the right 

should also be deemed a usufruct  

t o  geothermal resources 

of land, for water is a 
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chief component of geothermal resources. If the court were 

n heat as being-the most important pa r t  of the 

, arguably drawing heat from the earth 

U 

does not al ter the substance of the land. Although such 

an application of the term ltusufruct" might be unique, 

it is not impossible that  the Hawaii Supreme Court would 

resort  t o  such a device were it t o  decide that geothermal 

resources should belong t o  the State. 

(3) P u b l i c  trust doctrine, 

The Eawaii Supreme Court has also used the Itpublic 

trust doctrineBf urces for  the State, 

d this doctrine i n  

that  case 

Id the absolute 

r ights  t o  a l l  i ts navigable waters and the so i l s  under them 

for their o s *under the navigable 

waters i n  f H a w a i i  are held i n  

t r u s t  for  the publi ion.37 In county of 

Hawaii v. Sotomura, e public t r u s t  

doctrine t below the high 

water mark, l i k e  flowing water, is a natural resource owned 

by the State 'subject to ,  but i n  some sense i n  trust for,  

the enjoyment of certain public rights. *#t3' In s t a t e  of 

B- 17. 



Hawaii v. Zimrinq, supra, the court further extended the 

public t r u s t  doctrine t o  lava extensions- 40 

The public trust doctrine appears t o  contemplate 

the actual enjoyment of the resource by the people. 

I l l ino is  Central R.R. v. Illinois,*1 a case that was heavily 

relied upon by the court in f i n s  v. Oahu Railway and Land 

4' Co the U. S. Supreme Cour t  held that t i t l e  t o  land below 

the high water mark was different  from that w h i c h  the 

S t a t e  holds in other lands: 

In 

"It is a title held i n  t rus t  for the 

state, that  they may enjoy the navigation of 

the waters, carry on commerce over them, and 

have liberty of fishing therein freed from the 

obstruction o r  interference of private par t ies  

. . . The control of the state for  the pur- 

poses of the t r u s t  can never be lo s t ,  except 

as t o  such parcels as are used i n  promoting 

the interests of the public therein, o r  can 

be disposed of without any substantial impair- 

m e n t  of  the public in te res t  i n  the lands and 
,,42' " waters remaining. 
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I 

In State'of Hawar v. Zirnr,nq, the court described the State's 

duty as trustee of property held in public trust for the bene- 

fit, use and enjoyment of all the people: 

ltPresumptively, this duty is o be implemented 

e.g., recreation. .Sale of the property would 
be permissible only whfitje the sale promotes a 
valid public purpose. I t  

. by devoting the land to a public uses, 

The pablic trust doctrine thus appears to contem- 

plate boating, fishing, the carrying on of commerce, recre- 

ation, and other such physical enjoyment which the people 

of the State derive from the resource he 

Nevertheless, given the ingenu 

Supreme Court, it would appear that the e 

public trust doctrine to include geothermal resources is 

feasible. 

ordinarily be enjoyed physically by the people, it is 

arguable that under the publi ctrine, the State 

could develop resource and use the profits therefrom 

for the general welfare of the public, 

enjoyment of the people of the State 

Although geothermal resources could not 

pear permissible under the language in 

for sale of the public 

promotes a valid public purpose," 

t property "where the sale 
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( 4 )  Ancient Hawaiian Tradition, Custom, Practice 

and Usage, 

In Ashford, supra, the H a w a i i  Supreme Cour t  claimed 

for  the S t a t e  beach property below the edge of vegetation or  

the line of debris, on the ground that the m a k a i  boundary t o  

private property was thus established by ancient Hawaiian 

custom. 

position is not supported by established Hawaiian law. 

The dissent i n  that case suggests that the  majority's 

. In McBryde, the court claimed the  w a t e r  in natural 

water courses t o  the State, despite the dissent's argument 

that the majority's position w a s  not supported by ancient 

Hawaiian usage. 

lava extensions 

evidence of one 

In Z i m r i n g ,  supra, the majority acquired 

for  the S t a t e  by discounting contrary 

instance of relevant earlier H a w a i i a n  usage. 

I t  thus appears that  evidence of ancient H a w a i i a n  

tradit ion,  custom, practice and usage can be either used or  

ignored by the court t o  arrive a t  a decision based on its 

sentiments favoring public ownership of property. 

blush, it may appear that  since the discovery of the useful- 

A t  first 

is recent, there could have 

resource, However, the ancient 

geothermally heated pools, o r  

vents in the earth, I t  is not 

ness of geothermal resources 

been no ancient usage of the 

H a w a i i a n s  may have bathed i n  

used the steam escaping from 

B- 2 0 .  

c 

w 



I 

impossible t h a t  the H a w a i i  Supreme Court could c i te  such 

evidence i n  support of a decision t o  establish ownership of 

a l l  geothermal resources i n  the "people of Eawaii, If i .e,  8 

the State. 

( 5 )  Riqhts of Native Tenants, . 

Ancient custom among the Hawaiian people recog- 

nized cer ta in  rights which the common people had i n  the 

land, On November 7 ,  1946, the nature and extent of those 

r igh ts  were spelled out i n  Section No, 1 of the1 Joint Reso- 

lu t ion  op,The Subject of Rights i n  Lands, etc. 44 The current 

provision in HRS Section 7-1 abrogated and 'superceded the 

r igh ts  of tenants under both ancient custom and pr ior  

s ta tutory l a w .  45 HRS Section 7-1 provides as follows: 
. %%" 

"Building material water, etc.; land- 
lords '  t itles subject t o  tenants' use. Where 
the landlords have obtained, or  may hereafter 
obtain, allodial titles to their lands, the 

'people on each of their  lands, sha l l  not be 
deprived o f  the r igh t  t o  take firewood, house- 
timber, ah0 cord, thatch, or  k i  leaf, from the 
land on which they live, for  their own private 
use', but they shall  not have a r igh t  t o  take 
such articles t o  sell for prof i t ,  The~people 
shall a lso have a r igh t  t o  drinking water, 
and running water, and the  ri 
springs of water, running wa  
shall be f ree  t o  a l l ,  
fee simple; provided, is sha l l  not  be 0 

applicable t o  w e l l s  and water-courses, which 
individuals have made for  their own use.I' 

B- 21 . 



I 

The r ight  t o  geothermal resources would not appear 

to fall within the rights of native tenants, as the right t o  

springs of water is not applicable t o  " w e l l s  . which 

individuals have made for  their own use." 

items to which the people,have a r igh t  m e  enumerated 

i n  HRS Section 7-1, 

have t o  be strained considerably t o  construe it t o  in- 

clude geothennal resources. 

Furthermore, the 

The language in this section would 

( 6 )  Section 5 ( f )  of the Admission A c t .  

In the appeal t o  the Court of Appeals fo r  the 

N i n t h  C i r c u i t  from the D i s t r i c t  Court decision in Robinson 

v. Ariyoshi, supra, an amicus-curiae br ief  has been filed 

by Ho'ala Kanawai, Iac, (awakening the l a w ) ,  a nonprofit 

organization interested i n  the rights of native Hawaiians- 

The arguments made by Eo'ala Kanawai, Inc, f o r  the reversal 

of the D i s t r i c t  Cour t  decision, and f o r  the affirmation 

of the H a w a i i  Supreme Court's decision that the water 

belongs t o  the state would apply j u s t  as w e l l  t o  the 

issue of ownership of geothermal resources. 

The argument rests on the premise t h a t  the 

Civil Code of 1859 did not effectively repeal the 

requirement that  a mineral reservation clause appear in  

Royal Patents. The argument is that  Section 43 of the 
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Civil Code of 1859' provides that the Royal Patent shall 

continue to be the method of conveynancing, and that to 

take the position that the King, Prime Minister, and 

Minister of Interior continued to sign- Roya 

which included the mineral reservation clause without 

realizing that the Civil Code of 1859 had repealed the 

clause would be an embarrassment to His Majesty's 

Government. Section 1492 of the Civil Code of 1859 

provided that If. . there may be . embarrassment 
to his Majesty's Government, from change, . . . I '  as 

a result of repeal of the.1849 Legislation. The argu- 

ment then continues that under the Organic Act, the 

requirement tha 

vation clause, which requirement was not effectively 

repealed -in-1859, '*became the law in the Territory, and 

was*subject to repeal only by the Legislature of Hawaii 

yal Patents include a mineral reser- 

The final steps to the argument are as follows. 

Upon -annexation, the Republic of Hawaii deeded its title 

to all public lands and property, including-mine 

rights, to the United. States, &d -the- Territory 

only  the possession, use and control of e public lands 

and properties within the lhitati provided for by 
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the Organic A c t .  

o f  lands without reservation of  minerals could not 

convey mineral r ights,  w h i c h  belonged t o  the federal 

government. .Upon $he aamissi of the State of Hawaii 

into the Union, the United States grate$ t o  the State 

t i t l e  t o  all the public lands and other public property, 

including mineral rights,  

State of Hawaii, aside from certain exceptions.. These 

anted t o  the S t a t e  of Hawaii are t o  be held by 

The Terri tory's  subsequent conveyance 

within the boundaries of the 

/ 
the S t a t e  of Hawaii as a public t r u s t  for public educa- 

tion, for  the betterment of the native Hawaiians, for  

the development of farm and home ownership, f o r  the 

making of public improvements, and for  the provision 
46 of lands for public use. 

The ent i re  argument  by Eo'ala Kanawai, Inc. 

depends on the assumption that the C i v i l  Code of 1859 did 

not effectively repeal the requirement t ha t  Royal Patents 

contain a mineral resexvation clause. This argument  does 

not seem t o  be reasonable. 

i n  the amicus-curiae brief do not seem t o  be particularly 

convincing, there is a possibi l i ty  t h a t  the s t a t e  Supreme 

Cour t  would hold tha t  the repeal of the mineral reservation 

Although the arguments advanced 

requirement was not intended, and therefore is no t  effective. 
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(F) Federal ownership of mineral riqhts. 

In Hawaii, there is general1 federal owner- 

ship of mineral rights, except in lands owned by the federal - - 
government outright. Under the joint resolution of annexa- 

tion, approved J 

Hawaii ceded 

the United States. Su property remained in the ' 

possession, use, and co the government of the 

numbered 55,47 the Republic of 

sferred all of its public property to 

erties that 

s by the Republic of 

, .  

n assuming that 

, all title to such 

A contest over the ownership of geothermal 

lY' 
claim all of the resources to itself, will likely give rise 

to constitutional issues. Traditional arguments of depri- 
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vation of property violative of the due process clauses of 

the U.S. and State constitutions may be anticipated. 50 

Given the Hawaii Supreme Court's bias towards State owner- 

ship of property, such arguments w i l l  probably be ignored - 

by the court .  The constitutional arguments would probably 

stand a much better chance of prevailing i n  the Federal 

courts . 
(E) 
If the issue of the identity of the resource is 

Summary on ownership of geothermal resources. 

raised, it w i l l  probably be ultimately decided by the Supreme 

court of Hawaii t ha t  geothermal resources are a mineral. m his 

is the definit ion established by the Hawaii S t a t e  Legislature 

and favored by courts in other jur i sd ic t ions .  

There exis ts  a possibi l i ty  t h a t  the State of Hawaii 

w i l l  attempt t o  claim a l l  geothermal resources t o  itself. 

Should it decide t o  do so, there are available certain legal 

theories w h i c h  would be invoked t o  attempt t o  accomplish 

the task. 

resources by the S t a t e ,  mineral r ights owners should prevail 

In the absence of a claim t o  a l l  geothermal 

over o the r  claimants i n  the contest over ownership of the 

resource. 

(I) Effect of ownership uncertainty on geothermal 

developer . 
Because of the uncertainty concerning the ownership 
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of geothermal rights i n  Hawaii, the prudent developer should 

be careful t o  negotiate w i t h  the 'private landowner a geothermal 

lease which w i l l  anticipate the possibi l i ty  of a c l a i m  by the 

State of Hawaii t o  the geothermal resources. the w e l l  

s i te  involves land w i t h  no expl ic i t  mineral reservation t o  

the- S t a t e  of Hawaii, the lease between the developer and 

private landowner should specifically deal with the ques- 

t ion  of payment-of royalty i n  the event t ha t  the State of 

H a w a i i  claims the geothermal resources. 

alternative is  t o  provide that royalty payments w i l l  be 

withheld by the developer until 

of competent jurisdiction f ina l  

the geothermal resource, a t  w h i c h  t i m e  th 

make royalty payments t o  'the r ightful  owner. 

One possible 

' 

loper w i l l  

Such a pro- 

vision,.which is very favorable t o  the developer, has been 

negotiated-and agreed upon in certain geothermal lease options 

now i n  effect on the Island of 3awaii. mother 'possibi l i ty  is 

t o  provide tha t  royalty payments w i l l  be made t o  the land- 

presuming tha t  the landowner is , the owner of the 

geothermal resource, until our t .  of competent jursidiction 

decides otherwise. 

been negotiated and is now i n  effe 

S t i l l  another alternative would be 

A lease Containing such a provision has 

on the Island of H a w a i i .  

provide' for  the pay- 
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ment of royalty into escrow in an interest bearing account 

until ownership of the resource is determined. 

A lessee under a geothermal lease, or any person 

acquiring the rights of a lessee in a geothennal lease, 
by carefully structuring the provision recognizing the 

uncertainty of ownership of the geothexgal resources, can 

avoid the devastating possibility of double payment of royalty, 

minimize the exposure to expensive litigation, and even enhance 

cash flow- 

111. ACQUISITION OF EASEMENTS 

At the present time there is no statutory authority 

giving a producer or developer of geothermal resources a power 

of eminent domain to acquire pipeline easements leading from 

the geothermal well to the industrial park. 

are given by statute the right of eminent domain- 

Section 101-4. 

Revised Statutes, which was enacted in 1978, specifically 

excludes "the producer of geothermal steam or electricity 

generated from geothermal steamtt from coverage of the term 

ttpublic. utilitya1. 

Commission was one of the chief barriers preventing the 

Public utilities 

HRS 

However, Section 269-27.1(b) of the Eawaii 

As regulation by the Public Utilities 

development of geothermal resources, it would seem that 

the exclusion, although literally referring only to the 
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f geothermal steam or e lec t r ic i ty  generated 

from geothermal steamIl would be c strued t o  include geo- 

ermal hot water producers as w e  Thus, it is expected 

tha t  geothermal steam, hot water, o r  e lec t r ic i ty  producers 

w i l l  not b emed public equently w i l l  

not have the power of eminent domain provided for  i n  HRS 
~ 

Section 101-4, 
- There is some question as t o  how the eminent j 

domain power of the State o r  cqunty 

energy corridors for  the purposes o 

thermal resource from the wells t o  

1 

awaii Revised Statu 

Section 101-13 provides t h a t  

it Ildeems it advisable 

t of emin 

wer . 

corridors for  a ge said t o  f a l l  

oted statutes,  
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I t  is l ikely that  appropriate legis la t ion w i l l  have t o  be 

enacted i n  order t o  specifically allow the acquisition of 

easements by eminent domain for the purpose of transporting 

a l  steam and water. 

In the event an attempt is made t o  transport - 

geothermal resources pr ior  t o  the enactment of such legis- 

lation, it w i l l  be necessary t o  negotiate with the  owners 

of parcels of land between the w e l l  s i te  and the agricultural  

park for easements fo r  pipelines. 
task w i l l  depend upon the number of parcels involved, and 
the par t icular  predisposition of the landowners. 

The d i f f icu l ty  of such a 

IV. COUNTY AND STATE PERMITTING REQUIREMEWS FOR DEVELOPMENT 

OF TBE AGRICUL!LVFU& PARK: 

(A)  Introduction. 

Before 

it must be shown 

permissible uses 

the agricultural  park can be developed, 

that  the proposed use f a l l s  within the 

under the S t a t e  Land U s e  Commission District 

Regulations, as w e l l  as under the County Zoning Code. An 

Environment Impact Statement may also be required, and, an 

amendment t o  the General Plan of the County of H a w a i i  may 

also be necessary. 

( B )  State Land U s e  Designation. 

I t  is assumed tha t  the proposed s i te  of the agri- 
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~ cultural park 1 district for State 

Land Use purposes- The State Land n District 

Regulations I P 111, 3-3(ii that "agricultural 

parkst* fall within the permis 

tural district- aowevei, the icultural parkstr as 

used in the Regulations is generally uriderstood to refer 
merely to a'subdivision locate 
or to a situat 

on the land ant is located. The 

'Iagricultur ed by this study 

be consider 

found to fall within the meaning of 11). 3-3(10) pro- 

vides that permissible uses include 'lbuildings and uses, 

including but n d .to mills, storage and proces- 

sing facilities ance facili that are normally 

+ 
within the 'agricul- 

agriculturally zoned land, 

o be processed are grown 

1 

uses-" The Ilabove 

they- are %ormally 

w 
B-31. 



is "normally considered direct accessory" t o  the cultivation 

of timber or  other crops. 

If it is determined by the State Land U s e  Commission 

t h a t  any of the proposed uses 

park does not f a l l  w i t h i n  the meaning of 3-3(10), then there 

would be two possible course 

The first possible course of action would be t o  

pe t i t ion  for a special use permit- In order t o  qualify f o r  

a special  use permit, one would have t o  show tfunusual and 

reasonable use." The S t a t e  Land U s e  Commission District 

Regulations, Part V, 5-2 provides the following guidelines 

t o  be applied i n  determining an %nusual and reasonable 

"(I) Such use shall  not be contrary t o  
the objectives sought t o  be accomplished by 
the Land U s e  Law and Regulations. 

versely affect surrounding property. 
( 2 ) '  That the desired use would not ad- 

( 3 )  Such use would not unreasonably 
burden public agencies t o  provide roads and 
streets, sewers, water, drainage and schoolL 
improvements, and police and fire protection. 

(4  ) Unusual \ conditions, trends and 
have ar isen since the d is t r ic t  boundaries and 
regulations were established. 

use is sought is unsuited for  the uses permitted 
within the D i s t r i c t . "  

( 5 )  That the land upon which the proposed 

, 
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Th@ procedure for applying for a special use permit 

is as follows: 

"a. File Application for Special Permit 

b. A public hearing is ducted within 

with the County Planning Department. 

a period not less than 30 nor more than 120 
days from the filing of the application. 

The Planning Commission renders a 
decision no earlier than 15 days after the 
public hearing. 

ounty Planning Commission 
denies the special permit applied for, such 
denial may be appealed to the Circuit Court. 
If the Commission approves the special permit 
applied for, the Planning Director transmits 
the decision together with the findings per- 
taining thereto to the State Land Use Commis- 
sion within 60 days after the decision is 
rendered. The transmission to the State Land 
Use Commission is not necessary if the land 
involved is le s than 15 acres. (Although 
the rules of the County Planning Commission 
specify 10 days, the Addendum to the State 
Land Use Commission Rules of Practice and 
Procedure, effective March 27, 1977, chan 
the permitted time to 60 days.) 

c. 

e State Land U s e  Commission will 

receipt of the county Planning Commissionls 
favorable decision. 

etition within 45 days after 

U 

f. aFpli tions are Rule 
6 of the P l m n g  Commission's Rules Relating 
to Administrative Procedure, and Part IX of 

- the Rules of Practice and Procedure and District 
Regulations of the Commission. 
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The advantage of a special use permit is that it 

can be obtained simply and quickly- The disadvantage would 

be that the permit would be applicable only for  the specif ic  

use petitioned for, Le.  

m i l l ,  or a papaya processing plant-  

an ethanol plant, a cattle feed 

If a t  any time in the - 

future a new industry were t o  replace one of the or iginal  

industries,  or if a new industry were t o  be added t o  the 

original industries, the new industry would have t o  qualify 

independently for a special  use pennit- 

The other possible course of action would be t o  

pe t i t ion  for a State Land U s e  D i s t r i c t  Boundary Amendment 

from agricul tural  t o  urban- 

for a district boundary amendment is set for th  i n  the S t a t e  

Land U s e  Commission's Rules of Practice and Procedure, P a r t  

V I  

General Plan so as t o  provide fo r  indus t r ia l  uses a t  the 

The procedure f o r  pet i t ioning 

The next step .would be t o  amend the County of Hawaii 

proposed s i te  for the agricnl tural  park, A general plan 

amendment would not be necessary i f  the proposed si te is 

located i n  a zone designated i n  the general plan as 

"alternate urban expansion." The next step would be t o  

pe t i t ion  the County for rezoning of the parcel involved- 

Finally, i f  the land is t o  be subdivided in to  separate 

parcels for the various industries,  it would be necessary 

t o  pe t i t ion  for subdivision approval 
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(C) . County Zoning Code. 

It is assumed that the site for the proposed 
- j .  

agricultural-park falls within an gricultural district 

for County zoning purposes. 

Article 7, Section 3, Paragraph B provides that among the 

permitted uses in an'agricultural district are: 

l*All forms of agriculture; the. growing 
and gathering of crops, fruits, vegetables, 
flowers, trees, and other plants; the raising 
and keeping of animals and fowls except as 
listed in Item 9; the physical processing, 
storage and sale of the products produced 
on the premises.!* 

The Hawaii County Zoning Code, 

Paragraph N p e permitted uses 

in the agricultural district 

ItProcessing, storage, packing,, and sale 
of products produced on the premises provided 
the site or building used for such-activity 
shall  be a t  l eas t  one hundred (100) feet from 

It appears that under both of the relevant para- 

graphs quoted above, processing is limited to products pro- 

duced on the premises. 

in the agricultural park presumably will not be produced on 

the premises, it appears that the agricultural park will not 

be permitted under the agricultural zoning. 

industrial designation will thus be necessary. 

Since the products to be processed 

Rezoning to 

w 
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(D) Environmental Impact Statement. 

Section 343 of the Hawaii Revised Statutes provides 

in pertinent part that an Itenvironmental assessment" shall 

be required for any, action which proposes any amendments to 

existing county general plans where such amendment would 

result in designations other than agriculture, conservation, 

or preservation. Thus, if it is necessary to amend the 

General Plan, an environmental assessment would be fi led. 

The appropriate agency would then determine whether or not 

an Environmental Impact Statement is required. 

(E) Buildins Pennit. 

Before commencing any construction, the developer 

would have to obtain an ordinary building permit. 

plans are in order, the permit is usually issued within 
two to four weeks after the filing of an application. 

Approval may take longer if problems exist. 
regulations would be the Building code of the County of 

Hawaii. 

If the 

The applicable 
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FOOTNOTES > -  

'Act 11 passed i n  1963 w a s  an updated version of 
A c t  255 passed by Legislature of the Territory 
of H a w a i i  i n  1957 A c t  255 was enacted prior.  
t o  statehood and-contained some rovisions which 
were related t o  the O r g d c  A c t  it could not become 
effective until ratified by the ongress of the United 
States of America." As Congress never r a t i f i ed  A c t  255, 
the.Hawaii State Legislature passed A c t  11 in 1963, 
a f t e r  H a w a i i  had become a s ta te .  

2 ~ ~ ~ M i n e r a l s ~  means any or  a l l  of the o i l ,  gas, coal, 
phosphate, sodium, sulphur, iron, titanium, gold, 
s i lver ,  bauxite, bauxitic clay, diaspore, boehmite, 
l a t e r i t e ,  gibbsite, alumina, a l l  ores of aluminum 
and, without limit t ion  thereon, a l l  other mineral . 
substances and ore solid,  gaseous, 
o r  liquid, includi resources, in,  
on, o r  under any 1 erged; but does 
not include sand, other materials 
suitable for use 

earth, the energy, i n  whatever form, below the surface 
of the earth present in,  resulting from, o r  created by, 
o r  which may be extracted from, such natural heat, and 
all minerals i n  solution or-other products obtained 
from naturally heated fluids,  brines, associated gases 
and steam, i n  whatever form, found below the surface of 
the earth, but excluding o i l ,  hydrocarbon gas o r  other 
hydrocarbon substance . I' 
This definition of geothermal resources is patterned 

a f t e r  the definition adopted by California Legislature. 

4 K a m i n s ,  , 
1 univ. 

'Ibid -* 

'Laws of Hawaii Article 11, 
Section V I ,  Pages 100-101 provides: 



"Section VI. The form of a l l  royal fe 
shall  be as follows: 

simple patents 

"HAMEHAMEHA--,by the grace of  God, King of the 
Hawaiian Islands, by th is  his royal patent, makes known 
unto a l l  men, t ha t  he has for  himself and his successors 
in office,  t h i s  day granted and given, absolutely, in 
fee simple unto , his fa i thfu l  and loyally 
disposed subject, for the consideration of 
dollars, paid into the royal exchequer, a l l  t h a t  certain 
piece of land, situated a t  -' , in the Island 
of 
natural boundaries as the case may be) as follows: 

containing 
reserving t o  the Hawaiian government, a l l  mineral o r  
metallic mines, of every description. 

simple, unto the said , his heirs, and assigns 
forever, subject t o  the taxes t o  be from time t o  tiate 
imposed by the legis la t ive council equally, upon a l l  
landed property held in fee simple. 

In witness whereof I have hereunto set my hand, 
and caused the great sea l  of the Hawaiian Islands t o  
be affixed, a t  Honolulu, this day of 

, and descr'ibed (by actual survey or by 

acres, more or less; excepting and 

To have and t o  hold the above granted land in fee 

f la-. 

(L.S.) 
Attest , 

Premier,  

7tfAn A c t  t o  Organize The Executive Departments of The 
Hawaiian Islandslf consisted of approximately 225 pages 
of s ta tutes ,  include the form of the royal fee simple 
patent quoted in footnote 10 above, w h i c h  required the 
reservation t o  the Hawaiian government,of a l l  mineral 
or metallic mines. Thus, it appears t ha t  although 
there was no specific intention t o  repeal the require- 
ment t ha t  government grants of  land reserve mineral 
r ights,  such requirement w a s  repealed along with the 
repeal of numerous other statutes  for which the Civil 
Code was substituted in 1859, 
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8The pertinent of A c t  32 i ,mS Section 171-58, 
which provides in part: 

"Minerals and water rights. Except as pro- 
vided herein, the r igh t  t o  any mineral'or surface 
o r  ground water shall not be included i n  any lease, 
agreement, o r  sale, such r igh t  being reserved t o  
the State; provided, that the board of land and 
natural resources may make provisions i n  such - 
lease, agreement, o r  sale, for  the payment of j u s t  
compensation t o  the surface owner for  improvement 
taken as a conditiori precedent t o  the exercise by 
the State of any reserved rights t o  enter, sever, 
and remove minerals or  t o  capture, divert, o r  im- 
pound water. 

accordance with the laws relat ing thereto enacted 
or hereafter enacted by the legislature.1t 

llDisposition of mineral rights shall be i n  

'HKS Section 182-2 provides i n  f u l l  as follows: 

"Mineral rights reserved t o  
minerals in,  on or  under state 1 
a f t e r  become state ' lands are res 
that the board of land and natur 
cancel, o r  waive the reservati 
use, other than mining, is of 
as provided for  in Section 182-4. 
from sale or  lease except as provided i n  this chapter. 
purchaser or  lessee of any such, lands shall acquire no 
right,  t i t l e ,  o r  in te res t  i n  or  t o  the minerals. The r igh t  
of the purchaser or  lessee shall be subject t o  the reserva- 
t ion  of a l l  the minerals and to the conditions and limita- 
t ions prescribed by law providing for  the State and persons 
authorized by it t o  .prospect for,  mine and remove the 
minerals, and t o  occupy and use so 
the land as may be required for a l l  
extending t o  the mining and removal 

Such minerals are reserved 
A 

of the surface of 
oses reasonably 
e minerals there- 

1 land patents, 
e of s t a t e  lands shall  

be subject t o  and contain a reservation t o  the State of 
a l l  the minerals, and sha l l  also contain a reservation t o  
the State, and persons authorized by it, of the r igh t  t o  
prospect for, mine, and remove the minerals by deep mining, 



s t r i p  mining, drilling, and any other m e a n s  whatsoever, and 
t o  occupy and use so much of the surface as may be required 
therefor. [L 1963, c 11, p t  of §I; Supp, §99A-21If 

''Kamins, supra, a t  71, footnote 17. 
i -  

K a m i n s ,  supra, a t  71-72. A I  

-1 

"J. Chinen, The Great Mahele, University of H a w a i i  Press, 
1958,, Page 8 .  

13A konohiki was the head of a uni t  of land known as an 
ahupuaa . 

.a 

Ibid, page 20 .  

%bid. - page 12.. 

%bid. - page 15. 

I7Ibid. - page 21. 

14 - 

"Mist v. Kawelo ,  11 Haw. 587 (1898). 
- -  
19Brunz v. Minister of Interior. 3. Haw. 783 (1877), 

H a w a i i  v. Liliuokalani, 14 Haw. 88 (1902). 

'*In R e  Land Title Robinson, 49 Haw. 429, 421 P.2d 
570 (1966). 

a t  443, footnote 14, 421 P.2d 578, footnote 14. - 
22Kamins , supra, a t  71-72 . 
23The Attorney General memorandum uses the terms Irawardtf 

and I f g r a n t t f  interchangeably, and does not distinguish 
between a Land Commission Award followed by a Royal 
Pa ten t  on the one hand, and a direct grant of govern- 
ment land t o  an individual on the other. 

24M~orandum from E r i c  Y. Marn, Deputy Attorney General, 
t o  Christopher Cabb, Chairman of the Board of Land and 
Natural Resources, dated August 25,.1976. 
provides in pertinent pa r t  as follows: 

The memorandum 
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"Research was conducted on the question of whether 
the State of Eawaii could assert a claim to the geothermal 
resources beneath lands granted to private persons without 
mineral reservations to the State. Our research indicates 
that up to the Civil Code of 1859, the Ring could not grant 
away mineral rights when lands were given to private persons. 
This restriction was explicitly stated in the law of 1856, 
entitled, ##An Act to Organize the Executive Departments of 
the  Hawaiian Lands, Section IV". However, from 1859 to 
1963, the mineral rights reservations was dropped; there 
was no express repeal of+the reservation but rather was 
the apparent result of oversight. However, in the case 
of In Re Land Title of Robinson, 49 Haw. 429 (1966), our 
court held that the change in the law was a repeal,of the 
mineral rights clause . 

ar that unless a rese ion was 
made in an award granted between 1859 and 1963, the mineral 
rights would not be explicitly reserved to the State. 

"In conclusion, 

27C~unty of Hawaii v. Sotomura, 55 Haw. 176 (1973), 
517-P.2d 57 (1973), cert. denied 419 U.S. 872 (1974). 

d 771 (1977). 

. 174, 504 P.2d 1330 
cBryde I ; (I and .McBryde 
60, 517 P.2d 26 (1973), 
as "McBryde 11," cert. 

321d. - at 186, 504 P.2d at 1338, 



,- 

c, 

330nly Judge Marumoto dissented in McBryde I. 

3455 Haw. at 270, 517 P.2d at 32. 

35B1ackfs Law Dictionary, 3rd Ed. (1933) 0  page^ 1790. 

3 6 ~ 1  Haw. 717 (1899). 

3855 Haw. 176, 517 P.2d 57 (1973). 

39~d. - at ia3-184, 517 P.2d at 63. 

40State of Hawaii v. Z i m r i n q ,  58 Haw. 106 (1977). 

After 
;rehearing, both Judge Marumoto and Judge Levinson 
dissented 'in McBryde 11 . 

r 

4 1 1 1 1 i d S  Central R. R. v. Illinois, 146 U.S. 387 
(1892). 

421d -* quoted in King v. Oahu Railway & Land Co., 
11 Haw. 717 at 723-724. 

43State of Hawaii v. Zimrinq, 58 Haw. 106, 121 (1977). 

44Cannelora, Lewis, "The Origin of Hawaii Land Titles 
and of the fights of Native Tenants" (1974), page 38. 

45Dowsett v. Maukeala, 10 Haw. 166 (1895). 

46Section 5( f) of the Admission Act provides as follows: 

section (b) of this section and public lands retained by 
the United States under subsections (c) and d) and later 
conveyed to the State under subsection (e), together with 
the proceeds from the sale o r  other disposition of any such 
lands and the income therefrom, shall be held by said State 
as a public trust for the support of the public schools and 
other public educational institutions , f o r  the betterment 
of the conditions of native Hawaiians, as 
Hawaiian Eomes Cornmission Act, 1920, as ame 
development of farm and home ownership on as widespread a 
basis as possible f o r  the making of public improvements,' 
and for the provision of lands for  public use. 

"(f) The lands granted to the State of Hawaii by sub- 

Such lands, 
/ 
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proceeds., 
one or  mor 
the consti said State may provide, and 
their use for  any other object shall  constitute a breach 
of t r u s t  for  which s u i t  may be brought by the U n i t e d  States, 
The schools and other educational inst i tut ions supported, 
i n  whole or  i n  par t ,  out of such public t r u s t  sha l l  forever 
remain under the exclusive control of said State; and no 
par t  of the proceeds or income from the lands granted under 
t h i s  A c t  sha l l  be used for the support of any sectarian or  
denominational school, college, o r  university.11 

e managed and disposed 6f for  
purposes in  such manner as 

47USCA Section 511 (30  S t a t .  7 5 0 ) .  

48USCA Section 511. 

49Public Law 86-3, Section 5(b) provides as follows: 

"Except as provided i n  subsection (c) and (d) of this 
section, the United States grants t o  the State of Eawaii, 
effective upon its admission into the Union, the U n i t e d  
States' t i t l e  t o  a l l  the public lands and other public 
property within the boundaries of the State of H a w a i i ,  t i t l e  
t o  which is held by the United States immediately pr ior  t o  
its admission in to  the Union. The grant hereby made shall 
be i n  l i eu  of any and a l l  grants provided for  new States by 
provisions of l a w  other than t h i s  A c t ,  and such grants sha l l  
not extend t o  the State of Hawaiitf U. S. Code Congressional 
and Administrative News,  86th Congress, 1st Session 1959, 
page 6 ,  

Publ ic  law 86-3 Section 5(g) provides as follows: 

"As used i n  this A c t ,  the term "lands and other prop- 
erties" includes public lands and other public property, and 
the term Ifpublic lands and other public property" means, and 
is limited to ,  the land and properties t ha t  were ceded t o  
the United States by the Republic of Hawaii under the jo in t  
resolution of annexation approved July 7, 1898 (30 Stat,  
7 5 0 ) ,  or  tha t  have been acquired i n  exchange for  lands o r  
properties so ceded." - Id. a t  7 ,  

"See for  example the argument i n  Levinson's dissent i n  
McBryde I f  that the majority's decision constituted an 
unconstitutional deprivation of property without j u s t  
compensation. 55 Haw. 260, 298-303, See also the same 
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argument in the dissent to Z i m r i n q  in regard to the 
State's acuuisitiolo of lava extensions. Zimrinq, 

also Robinson v. Ariyoshr, supra, a t  56-57. 
supra . See 
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. -  APPENDIX C 

GEOTHERMAL ENERGY IN PAHOA, HAWAII 
SOCIAL IMPACT ASSESSMENT 
Penelope Canan', PhJ. 

Background and Rationale 

I 
I 1. The State of H a w a i i  stands to make a relatively swift transition from 

I near-total dependence on imported petroleum for its electricity needs 

to local, renewable sources of power generation. One of the options is 

geothermal energy which has been found to exist in the Puna District of 

the Big Island. 

proper mode to develop and u t i l i ze  it. 

The nature of the reservoir is uncertain as is the 

.~ 

2. Uncertainty is an uncomfortable s ta te  *of affairs. Attempts to 

rationally plan reflect the desire to reduce the uncertain nature of 
* .  

, L  

the future. 

4. Lifestyle ch 

5 .  Eawaii's 'cu and economic con 

centrations are not located close to known geothermal 'resentoits . 
Supply and demand are physically distant 

6 .  Using existing corporate/government cos 

profit margins for geothermal development exist a t  the 50 MW 
. +  

point. 
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This amount of power cannot be used a t  t he  location of the reservoir  

under present conditions, nor can the Big Island use t h i s  amount given 

present conditions. 

Given current corporate/government costing perspectives as w e l l  as 7. 

geographic conditibns, population d is t r ibu t ions  and pat terns  of econo- 

mic ac t iv i ty ,  there a re  presently four geothermal development scenarios 

under consideration: 

a. Power export t o  other is lands,  especial ly  Oahu, designed t o  enhance 

the State's a b i l i t y  to  maintain present energy uses. 

Importation of energy intensive industr ies  to a predominantly 

r u r a l  conmntnity. 

Ethanol production coupled w i t h  power exportation and several  

cascading direct applications. 

Power exportation t o  other places ou the Is land of Hawai i  where 

energy intensive industr ies  could locate. 

b. 

C. 

d. 

8, Geothennal development with o r  without an i ndus t r i a l  park means the 

introduction of major technological change in to  the D i s t r i c t ,  specif i -  

ca l ly  in the Pahoa community. 

9. Jus t  as technological and economic factors  have been studied very care- 

fully to  determine the f e a s i b i l i t y  of developing h o w n  geothermal 

reservoirs ,  environmental ramifications must be considered. To do 

otherwise is to  "externalize" true costs thus rendering r a t iona l  planning 

impossible. 

10. Human concerns are vital  elements of the environment and must not be 

minimized or  externalized i n  the comparison of costs and benefi ts  of 

geothermal development, 

.- 

I..: 
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11. Geothermal developme s negative impacts the physical environment 

(noise, odor, i r revers ib le  conversion of agr icu l tura l  land to  

indus t r ia l  usage, pipes, transmiss ion l ines ,  t r a f f i c  increases ) and on 

the soc ia l  environment -, ( i r revers ib le  change of a r e l a t ive ly  quiet  

rura l /agr icu l tura l  and ret i rement/ touris t  community) are experienced 
\ 

only locally. . . .  

12. Changes on local  l i f e s t y l e s  may be predicted. These are predicted 

sequences of development.. Whether.they are evaluated as 

welcome or  undesirable depends on the subjective perceptions of the 

people of the These subjective evaluations are what 
% .  

are known as social impacts. 

13. The local  community is not a s ingle  en t i t y  for all purposes. Rather, 

it is an amalgamation of diverse in t e re s t s ,  some of which would be 

enhanced by prospects of geothermal development. Other in te res t s ,  

however, are threatened. In other wo , loca l  benefi ts  and costs 

vary. Nevertheless, the w i l l  be changed. 

14. For people t o  be able t o  render t h e i r  subjective opinions of a proposed 

development, they must  be given the opportunity t o  understand what it 

w i l l  mean t o  them. 

essent ia l .  

been involved i n  'self-education about 'geothermal energy due t o  a grant 

from the U.S. Department o ner&/Hawaii S ta te  Department of Planning 

Broadly targeted community educition is absolutely 

A t  t h i s  t i m e  only the aboriginal Hawaiian community has 

onomic Development. Others i n  the commu e l a t  ive l y  unf a- 

mil iar  with available. S tems from lack of 

information. 
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15. Many factions within the  local community stand i n  the  extremely uncom- 

LJ for table  posit ion of feel ing threatened and lacking any meaningful 

control over t h e i r  own community. 

as f a r  as they can t e l l  external ly  sourced actions (Federal, State ,  and 

County pol ic ies  as w e l l  as corporate decisions) are  aimed a t  develop- 

Their fears are hardly unwarranted: 

ment regardless of t he i r  wishes. 

16. Social considerations have been ident i f ied as "major bar r ie rs  to  

development." 

and pr ivate  enterpr ise  v i e w  local  peopl 

"get around . I' 
The use of the wdtd "barriers" reveals that  government 

s concerns as something t o  

17. Concern for  the soc ia l  impacts of technological innovations and develop- 

ment policies is f a i r l y  new. 

The best  available advice is to  follow accepted techniques of soc ia l  

There is 00 tried-and-true methodology. 

science as closely as possible. 

18. A major challenge to  normal s c i e n t i f i c  r igor  stems from the ref lexive 

nature of social  impact assessment. 

discover in advance what soc ia l  impacts w i l l  occur par t ly  contaminates 

the future impacts. 

adverse conditions as they are detected. 

That is to say that  attempts to  

This points t o  the opportunity for responding to  

In other words, soc ia l  impact 

assessment is an appropriate planning tool  tha t  enhances smooth 

development. 

respousible development aimed a t  enhancing the qual i ty  of l i f e .  

It is also a continuous enterpr ise  entered in to  for  

19. Despite statements by government and industry representatives that  

soc ia l  impacts are most troublesome, nei ther  has assumed responsibi l i ty  
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for adequately assessihg them. Indeed, f a i lu re  to  do so thus f a r  has 

already had negative impacts on some portions of the Pahoa community. 

I f  t rad i t iona l ly  ineffect ive public education avenues have once again 

proven ineffect ive,  innovative methods of community education and 

involvement are cal led for. 

impacts aver time is absolutely essent ia l .  

W 

A t rue commitment to  assessing soc ia l  

20. The soc ia l  impact assessment currently funded by USDOE/HDPED appears 

thoughtfully constructed. It is, however, designed for  only one sector  

of the Pahoa community. It represents an opportunity t o  determine the 

a b i l i t y  of local  people to  become part  of the planning process. 

However, other people must become similar ly  involved. A working model 

of the en t i r e  community i n  process must be developed t o  determine the 

soc ia l  impacts of developing geothermal energy i n  the Puna District. 

21. Social  impact assessment is par t  of a comprehensive planning process. 

I 1 

I 

It should be a continuous enterpr ise  throughout the development. 

! 

i v  
! 

I 
i 

i 
i 
~ 

c-5 



APPENDIX D 

LABOR PROClJREMENT . *  ISSUES AM) GEOTHERMAL/ECONOMIC DEVELOPMENT W 

M r .  Everett Kinney, Staff  Researcher 
Puna Hui Ohana . 

Introduction 

Providing an adequately sk i l led  labor population i n  Puna to  meet the 

employment needs of potent ia l  commercial/industrial expansions appears to  

be a serious,  on-going issue. A casual survey reveals most of the sk i l led  

labor is employed out of the d i s t r i c t ,  in Hilo, or have moved to  Honolulu. 

Remaining behind are unskilled workers a t  s l i gh t ly  over minimum wages OII 

anthurium, sugar, orchid, -macadamia or papaya farms. Many such workers, 

however, are underemployed e i the r  because 

unable t o  find job 

community t o  meet 

of "outsiders" labor-relegating lower 

local  workers . - 

refuse t o  tra 

f the d i s t r i c t .  

ated labor needs points t o  large-scale importation 

The inab i l i t y  or  f a i l u r e  of the 

posit ions to  

To avoid t h i s  soc ia l  crisis, improvement plans should 'be designed which 

a l e r t  the communi 

importance is an analysis of avai la  baseline s k i l l s  curre 

employment conditions of dis  ons addressed to  

and provide solutions' for  the problem. Of primary 

. .  

rocess mclude; 1 )  is '  there a definable geothermal 

technology, 2) t o  what extent 

geothermally-oriented, 3)  are ren t  mechanical, 

s k i i l s '  acquisit ion adequate and,' 4) i f  t r a i  

w i l l  these programs be implemented to  

needs of future  i 

special  needs of the community. 

Fortunately, the probl is essent ia l1  ium- t erm (approximately 

three to  f ive  years a t  a minimum) allowing for examination of prac t ica l  4 4  
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a l te rna t ives  as, 1) designing broad-based s k i l l s  t ra ining o r  re t ra ining 

programs based on the demographic analysis,  2)  inv i t ing  prospective develo- 

pers to  submit t h e i r  employment needs which, hopefully, could be m e t  

through the inventory or, 3)  requiring a l l  developers t o  a l loca te  

apprentice-training s l o t s  t o  a t t r a c t  local workers. 

\ 

Education and Traininq 

Subsequent discussions with Mr. Goto, Curriculum Specia l i s t ,  Hawaii 

Community College, revealed a lack of curriculum planning leading to  an 

Associate Degree in geothermal technology and furthermore, that cumculum 

module development takes about tvo years or four full semesters to  develop. 

Longer long-range planning is required at the University of Hawaii, Hilo. 

A high-intensity education in any of the vocational sciences is needed t o  

meet a. reduced time-framework. Concentration of a pre-engineering major 

leading t o  petroleum o r  geothermal geology, engineering or a geophysicist- 

chemist degree needs to  be implemented a t  UHH. A t  t h i s  the, plumbing, 

welding, carpentry, metal-work, electric and equipment operator appear t o  

fill construction and blue c o l l a r  operational needs. 

Cinversations with Mary Hatayoshi of the College of Continuing 

Education and Community Semices indicated the CCECS system could adapt 

readi ly  t o  the comxunity's educational needs, including specialized 

t ra ining courses. Planning and implementation could be completed within a 

semester of actual  employment demand, 

instruct ional  a c t i v i t y  and s t a f f  m b i l i t y  would also allow for  instruct ion 

F lex ib i l i t y  of CCEC's range of 
c 

a t  the community si te,  an important consideration with regard to  the ru ra l  

cul ture  . 
Because of the CCECS reaction/adaption t ime ,  t ra ining courses may be 

designed within the  developer's t i m e  framework, t ha t  is, t ra in ing  could 
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begin during the developer :.s planning or cons tr 

inventory of s k i l l s  announcement by the developer. Additionally, a 

t i on  stages,  following an 

developer could define spec i f ic  requirements for  indivi- 

dual positions. 

Planning Process 

Discussions with the University are posi t ive and very encouraging, 

possibly reaching the act ivat ion stage before the end of the year. 

suggested that  the process for  planning include the 

I have 

1. 

2. 

3. Design corrective/remedial programming through: 

Establish t i m e  framework (3-5 years) 

Complete baseline s k i l l s  inventory and analysis. 

a. Developing basic s k i l l s  
bo Expanding ex is t ing  s k i l l s  I ^  

4. Basic s k i l l s  program: 
a. Developing individual &a ess s k i l l s ,  career ' 

counseling 
1. &Personal awareness, a t t i t ud ina l  development 
2. In te rac t ive  ab i l i t y ,  individual and group 

5. Expanding current s k i l l s  program: 
a. --Retraining - vocational improvement 
b. Leadership, academic counseling 

6 .  Learning new technical s k i l l s  
a. Career redevelopment 

- .  1. Psychological confirmation €or change option 
(i.e. permanency of geothermal energy and growth 
over time) 

7. Define over-all goals 
a. S k i l l s  attainment 
b. Cer t i f ica t ion  of s k i l l  acquis i t ion 

8.  Process objectives. 
a. Determine and s t o  meet an 

accelerated,  e f fec t ive  and productive learning program. 

U 
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Assumptions 
u 

Some simplistic theoretical assumptions, with reference to the local 

conditions and local employment needs as a foundation, for discussion and 

goals implementation include: 

1. Labor supply ability geographiclhierarchical base 
(Local - District - County - State - Mainland) 
This merely states that the ability to fill labor needs is 
dependent on baseload inventories of available supply within 
the hierarcy from local to state levels. 

2. Projective Labor market nature and scope of potential 
industry needs. 

b. Exploration/drilling - (geological/mechanical) 
c . Energy conversion - (mechanical 
d. Administrative, office - (clerical) 
e. Industrial applications - (vocational) 

. a. Research - (abstract/scientific) 

This statement of projective labor market needs reflect labor 

inventory needs of a potential indusrry with respect to type 

of employment and area of skills knowledge. 

Satisfaction of specific skills demands = base technical 

skills + increase level of education. 

3. 

TI’ Tgr T3 
(A function of economic pressure/development over time) 

This states that the satisfaction of unanticipated skills 

demands is dependent on base load technical skills plus 

increased retraining over periods of time. 

4. Estimated demand matrix:* (medium capacity industry) 

ConstructiQn Operational Maintenance 

- - **Construction 500 

- 50 Operational -- 
4 Maintenance - I- 
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Note: 1. Labor demand in energy-conversion are minimal due to high 

automative level. 

2. A construction project may require a large employment force. 

The potential for serious socio/psychological distruption 

when project completion sets off massive lay-offs points to 

displacement of the community’s social fabric. 

Conclusion 

In conclusion, developing an underemployed or unfulfilled worker 3 

psychological ability to undertake change option may prove to be a primary 

problem. An unwillingness to change, for whatever reasons, will not only 

deny the workers potentially greater satisfaction and earnings but may 

signal widespread labor in-migrations whose social characteristics may be 

largely contradictory to the contemporary social-cultural landscape. 

avoid community stress conflicts, this phenomena invites early in-depth 

study and resolution. 

To 
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APPENDIX E 

ENVIRONMENTAL IXPACT ASSESSMENT PROGRAM FOR A ' 

GEOTHERMAL BIOMASS ETHANOL FACILITY SITED AT THE PROPOSED 

PAHOA INDUSTRIAL PARK AND THE FEEDSTOCK 

SUPPORT SYSTEM IN THE PUNA DISTRICT 
by: Dr. Sanford Siegel, Dept. of Botany, v. of Hawaii 

The Puna District, site of Pahoa and the proposed Pahoa In- 

dustrial Park including the ethanol plant is the easternmost 

region of the Island of Hawaii. 

square miles in extent, 

volcanic uplands, Kilauea to 

south. Between these uplands, extending eastward from the 

ts largely of undissected 

d the sea is the 

tions, most 

notably that of 1955. 

Most (about 75%) of 

source of live1 

over 1000 population. 



The young lavas of Puna which cover most of the district are 

blanketed with sparse organic soils - histosols - except for 
the west central entisols across the west central portions 

of the district. These latter include low-lying fertile 

fields with abundant vegetation, and more youthful upper 

slopes with open forests of Ohia, the Hawaiian endemic 

Metrosiderfs. Rainfall is abundant. In east Puna is found 

one of the State's major papaya areas and in the west, highly 

productive sugar lands. 

It is generally thought that the Puna area is underlain by a 

basal lens of freshwater floating on denser salt water, but 

the southern part of the district contains a narrow band of 

dike-confined freshwater. 

hundred ppm are found in same of district's wells at relatively 

shallow depths. 

or two instances, ground waters show no chemical or microbio- 

logical features of concern. 

Salinities in excess of several 

Exczpt for moderate coliform counts in one 

With its proximity to the fumeroles and other active features 

of Kilauea (the main vent is only 40 km to the west), it is 

not surprising that air and soil are influenced by distinctive 

volcanic chemistry. Included is an air mercury level that 

ranges around 1 g/m 3 under virtually all conditions except 

heavy rains and strong tradewinds. As in other volcanic 

regions, soils tend to run high in mercury and occasionally 
.- yield unusual levels of arsenic and thallium. Vegetation 

tends to reflect elevated environmental levels of these elements. 
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eneral SO and .H2S fall below 10 ppb. Two geothermal electric 2 
facilities are now under develo 

University of Hawaii experim 

in July, 1976. 

11, HGP-A, first flashed 

It is scheduled to go on-line as a 3 MW 

electric generator in 1981. Site-specific data concerning well 

site geophysics, downhole water chemistry, general hydrology 

and hydroge developed since 1975.  Environ- 

a1 geotoxicology, including air, water, 

vegetation and the impact of effluents have also been under 

since 1975.. The site has been assessed for endangered 

plants and birds and historic-archaeologic features. 

The second site, about 3 Ia 

taking on an area also subjecte 

assessment for a 

endangered plants and bir 

/ 

d when the drilling operation now underway is 

successful. 
_. 

Both current geothermal operations provide important back 

ground information that will contribute Signifi~~t-y 

overall assessment at the Pahoa Industria Park. These 

ite-specific and use-related assessments but .will 

simplify and expedite identification of potential impacts ' 

and general environmental needs and issues. 
l 

! 

1 W Ethanol Plant Site and Environs for Air Monitoring 
1 Hydrogen sulfide will be bonitored continuously at selected 
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, locations within the development area. These include samples 

from the ethanol plant components including the distillation 

and fermentation vessels and the hydrolysis and oxidation 

tanks, also at the well site, the transmission\ corridor and 

at the ethanol plant within the industrial plant site. 

Ambient levels will be checked by means of air spot samples 

within the industrial park compound. 

General 

In addition, indicator 

tags (Metronics type) will be deployed daily over 2-3 downwind 

arcs in a concentric array to a maximum distance of about 1 

mile. Plant personnel will be monitored with H2S indicator 

tags issued and reclaimed daily.  

the following limits: 

Our objective is to meet 

c 

MAC for 8 hours (Hawaii OSBS, Act 57, 
1972 rev. 1977) 10 Ppm 
Threshhold limit value (American 
Conference of Government and Industrial 

Ambient Air (State of Calif. Ambient 
Air Quality Standard for I hour) 

Hygeinists, 1972) 10 PP* 
0.03 ppm for 
1 hour 

(Geysers 
Electrical) 

Emission standards (EPA) 0.2-0.4 kg/MWH 

A small mobile weather station providing temperature e a -  

dients, barometric pressure for rain and wind data is being 

considered as a means for more regular, although not 

continuous monitoring of other potentially afrbone major 

toxicants including S02, SO3 (H2S04 aerosols), Hg, AsH3, 

and boron. 

(which will also serve as a water assessment procedure,) 

and the analysis of effluents. 

This will take the form of on-line sampling 

- 
‘kd It is assumed that the sulfur 
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oxides and acids, if present, are products of H2S oxidation 

after its release. Accordingly, the sulfur oxides will. not 

be included in in-1 measurements, 

and ambient gas analyses. 

property lines, air samples will also be taken 

mentioned substances. 

be effected twice weekly, and more or less frequently as 

findings thereafter warrant. 

_ .  

Within the ethandl facility 
or the above 

This sampling program will initially 

No personnel or area effposme 

precautions are projected unless the level of SO2, etc. 'should 

suggest an elevation into a hazardous range not currently 

reflected in existing data. 

Carbon dioxide monitoring is contemplated .only within poorly 

ventilated spaces or stagnant enclosures where personnel mgy 

experience even casual exposure, 

relatively dense gaseous emissions (eg. SO2 or H2S) would'be 

revealed by their own odors at pre-toxic levels, a distinc- 

Build-up of the other 

tion not shared by C02. 

ovisions for plant damage assessment 

and cultivated species will 

The monitoring program will be based on the limit 

SOc, (Sulfur dioxide) 

"Alert level" 24 hr. average 0 . 3  P P  

TLV 5 P P  



Hg (Mercury) 

Regulatory levels : 

National, Industrial and Occupational Safety 
& Health Standards (NIOSH) 

TLV (Hawaii OSHS): 

MAC for 8 hrs. 

Incinerator facilities emissions allowed 

Coal-fired plant emissions allowed 

50 
for 8 hours 

50 up'' 
for 8 hours 

1600 g24 hr'l 

2300 g24 hr'l 

Recommended levels: 

MAC for 8 hrs. 

General ambient air 

EPA ambient 'air quality for 
30 day average 

10 ugm-3 

1 ugm-3 

1 ugm-3 

CO, (Carbon dioxide) 

MAC for 8 hrs. 
(L 

5000 ppm 

SO, (Sulfur dioxide and sulfuric acid aerosols) - 
TLV (Hawaii OSHS) 1 mgm-3 

3 mgm-3 

for 8 hours 

for 5 minutes 
Maximum average (Hawaii OSHS) 

Arsenic and Arsine 

TLV (Hawaii OSHS) 0.05 ppm 
for 8 hours 

I 

Boron 

There are no standards for boron atmospheric toxicity as yet .  

- 

ci 

.- 

w 
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B. Kilauea-East Rift Well Site 

The-ambient atmosphere in the lower Puna district is subject 

to the influence of natural geothermal processes associated 

with volcanjc and fumerolic activities on the East Rift. 

natural influence accounts not only 

air mercury levels of about 1 ugrno3 bu 

of 5-10 

ability to correctly interpret high levels of pollutants at 

the HGP-A well site as a result of activity elsewhere was 

attributable to the operation of a long-standing program of 

volcanic gas measurements at various fumerolic sites , calderas , 

hs 

This 

or the levels 

observed during sane p 

etc. on the Kilauea East Rift. 

based on local measurements alone, would have led to an 

incorrect, ess 

Lacking this backup, information 

ther facil 

Therefore, it is proposed 

aerometric facility capable of periodic air sample collections 

(t minutes to 5 hours) and analysis of H2S, SO2, C02, and Hg. 

These gases are chosen not only f 

mobile or portable 

C. Ethanol Plant Site and Environs €or Water Nonitorfng 

samples of waters should be taken- for the folloirfng analyses: 
In-line measurements for arsenic, mercury and boron. 1. 
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2. At discharge point: 

a. Metals: Arsenic, antimony, beryllium cadmium, 
copper lead mercury, nickel, thallium zinc. 

b. Non-metals, metalloids: Selenium, fluoride, 
boron. 

lements consistently below analytical detection levels 

can then be transferred to the "infrequent" list, subject to 

semi-annual or annual review. 

Holding pond: Analyses will be carried out for all above 

listed elements not transferred to the "infrequent" category. 

Pond sampling will include top, middle and bottom depths 

at the center and edge. 

The Puna Aquifer: 

waters downstream from the Ethanol Facility will be located 

and sampled monthly for all elements monitored in the holding 

period. 

Springs, wells or other sources of ground 

D. Bioassays 

It is recognized that new factors or substances, or combina- 

tion of known factors or substances which are individually 

harmless (e.g. synergists) can bring about subtle, long-term 

environmental deterioration. 

This possibility should not be overlooked in the monitoring 

program for the ethanol fuel industry development, because 

the ethanol plant processes combined with geothermal direct 

heat applications provide complex a i r  and water sources of 
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possible toxicants or toxicant combinatioas. 

therefore, to establish two bioassay elements-one for 

atmospheric pollutioi, and the other 

It is proposed, 

water contamination. 

1. Air Pollution Indicators - Specific plants have 
.been shown to:be of utility as air pollution indicators. 

Examples are pinto bean and head lettuce (Los -Angeles 'County), 

Little is known about unique pollution symptomatology among 

native Hawaiian plants ,  however,' it is quite clear that tip 

and marginal discoloration and chlorosi 

physiological stress induced by air toxicants here as else- 

where. Further, 

defoliation and pr 

perennials 

era1 environmental quality. 

will initiate in 

2. Water Pollution Indicator - Specific cultivated 
11 be maintained €or water growth tests 

using hydroponic procedures. 

compared among 

The'water sources will be 

Standard complete nutrient "(Hoagland types) 

b. Geothermal discharge waters. 

c. Geothermal discharge waters suppl'emented with 

complete nutrient. 
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Test plants are to be determined by growth experiments but 

may include Chinese cabbage, tomato, cucumber and eggplant. 

These will be examined for pathology and growth recorded as 

fresh and dry weights. 

in wellwater +nutrients, one or more toxicants are indicated 

and efforts will be made to identify them. 

If growth is consistently inferior 

3.  

in U. S. G. S. Regulations. 

out monthly at well site and ethanol plant boundaries 

and at one-half mile distance from source. 

will be given to traffic noise associated with potential 

feedstock trucking operations. 

plant operation or procedure will require an immediate noise 

check. 

- Noise - Noise limitations to be used are specified 
Routine monitoring will be carried 

Special consideration 

In addition, any change in 

4 .  Bioenergy Tree Farms/Silviculture 

Biofuel tree fanns require site preparations as 

do processing and production facilities such as 

sugar mills, fermentation plants etc These are 

subject to the same requirements for use-independent 

baseline and follow-up assessment tasks set forth 

above. 

Use-related features of such sites include applica- 

tions of fertilizers, pesticides and phytohormones 

not employed in that location previously. - Rates 
of application of organic chemicals must be related 

. 

to biodegradability and dispersal into the ambient 

soil avironment via groundwater and, if applied in 

aerosol form, via  the atmosphere as well. 
. 

li' 

,- 
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Finally, if exotic species, cultivars or varieties 

of fuel plants are introduced, their containment 

ed until it i hr) 

forms cannot compete with or otherwise threaten 

local species in the eco-syst at large. Such 

confinement may require chemical+and/or mechanical 

f .the cultivation area, if an inability 

e in the wild or naturalized state is 

not or cannot be programmed genetically: 

ization of an assessment program for the Pahoa 

Independent of 

ahoa Industrial Park, o r  of any r ble energy site, 

there are Direct Environmental Baselines to be established. 

The fund ude : . getation and 

physiographic ecology sufficient to provide for 
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recognition of degredative changes. This should 

include'transect and quadrat analyses as needed, 

and photo documentation. 

A tally of area (e.g. site plus 1 km ambient) 

endangered biota especially plant, bird and mnmnlian 

species. 

A survey of similar extent and scope for historic 

or archaeologically valuable structures and sites. 

The general purpose for the Pahoa site is development of 

non-electric uses for a natural hydrogeothermal resource. 

Specificalry, it seeks to*apply geothermal direct heat in 

the fermentation of glucose derived from celluloses and 

lignocelluloses, and distillation of the ethanol produced, 

Accordingly, potential use-related impacts involve geothermal 

working fluids and fermentation effluents. 

of the present environmental assessment, W.A. Hirai & 

Associates, Inc. will assess the appropriate health and 

safety procedures relating to distillation vapors. 

For purposes 

Sampling and analysis of the site air, water, soil 

and vegetation for geotoxfcants related to 

surfacing of hydrogeothermal working fluids. 

of such toxicants are mercury, arsenic, sulfur 

dioxide and hydrogen sulfide in air; mercury arsenic, 

and possibly other hazardous metals or metalloids 

in waters, surrounding soils and tissues of selected 

indicator plant species. Plants to be included in 

the industrial park area are represented by Metro- 

Examples 

c 

.. . . .  
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sideros (ohia), Psidium (guava), the ferns Nephrol- 

ranopteris and 

ations will in bi 

downwind directions relative to the locus or loci 

' of emissions, EPA s 

or plants but where they exist for air and dis- 

charges or effluents, they will apply. 

A noise.standard conforming to the USGS figure of . 

65dbA at the facility property line or 0.5 mile, 

whichever is closer will be applied to well head or 

other venting facilities. 

The alcohol production use-related tasks include: 

Monitoring the fermenter-distillery unit area for 

alcohol and alldeyde vapors and evaluation of the 

to such vola- 

but dense re ances could 

exert a loca 

on unit .  More 

have great nutritional and/or so i l  improvement 

potential. Because these are biological - 

(i.e. yeast-based), they also tend t concentrate 

heavy metals and other toxicants; ' Elements of 

particular concern are mercury, cadmium, arsenic, 

lead and similarly. 

lish for these and other*elemerits the levels pre- 

It will be necessary to estab- 

W 
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sent in stillage from this operation. 

feed standards are not met, the composition can 

be compared with local soils which are naturally 

high in many of the same elements. 

disposition will depend upon these assessments of 

impact on soil chemistry. 

If animal 

Its final 

The tasks required f o r  the Direct Environmental Impact 

Follow-up are dictated by the baseline determinations dis- 

cussed above. 

air etc. - need not be repeated here, however, the timing of 
follow-up programs is important. 

The targets of assessment - plants, soils, 

Site use independent follow-up tasks begin with 

earliest phases of site selection and preparation, 

namely survey, clearing, and grading and related 

activities. 

dangered plant species i s  located at a proposed 

site, the uniqueness of that site for that species, 

its distribution outside the site and its relo- 

catability would all have to be evaluated. 

In the unlikely event that an en- 

\ 

Monitoring at 4 month intenrals within Year One, at 6 month 

intervals through Year Three, and annually through Year 

Five is  recommended. 

\ 

Site-use related follow-up monitoring tasks for 

geothermal will begin when drilling is completed. 

The schedule proposed f o r  the use-independent 
L.) 

~ tasks can be applied here. Exceptions are Hydrogen 
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sulfide and mercury in the air. It is recommended 

itored continuously 

lling through a l l  

g facility with needed 

and performance 

30ppb) and PSD 

cility) standards. 

If continuous monit ing is not f le, it should 

be scheduled fnnnedi ely before, 

ther operating 

and not less t 

ion with any well 

and " j u s t  after" 

monthly. All 

d for sulfide 

g tests as noted above for air and mercury 

sampling and se monthly at least for the I .  

first year; quarterly thereafter through year five. , 

"General site s ose operation 

elsewhere contrib 

. 
to the Pahoa Industrial Park, 

such as the facility for conversion of cellulosic 

materials _ =  to g cose and any. sites committed to 

cultivation of plants fo iofuel-related uses. 

These additional support sites must also be reviewed 

\ 

The 
b?J 

for environmental 

hydrolysis of vegetable matter to glucose will involve 
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by-product methane, carbon dioxide and wastewater. The 

facility carrying out the conversions yielding these products 

and discharge is to be located at existing sugar cane 

processing sites. There is no need for general use-independent 

assessment, as the nature of added operations does not 

entail unusual processes or fabrications. With respect to 

use-related assessment tasks, the wastewater must be monitored 

for heavy metals such as mercury that tend to accumulate 

in plants growing on many volcanic soils in Hawaii. 

soils and any waters, e.g. streams or wells that might be 

influenced by such discharge must be monitored before 

hydrolytic facility discharge operations begin to provide 

The 

a baseline reference. If the discharge toxic metal. content 

proves negligible using feedstock plants  grown in mercuriferow 

volcanic soils, no follow-up program is needed. 

STANDARDS AND AGENCY-RECOMMENDED VALUES 

H7S Threshold Limit Value: 

(American Conference of Govermnent 
and Industrial Hygeinists, 1972) 

(Hawaii Occupational Safety and Health 
Standards Act 57, 1972 Revised August 
1977) 

10 ppm f o r  8 hrs. 

10 ppm for 8 hrs. 

Short-Term Limit Value: 

(Pennsylvania Dept. of Health, 1965) 20 ppm f o r  20 min. 

(Hawaii Occupational Safety and Health 
Standards Act 57, 1972, Revised 
August 1977) 20 ppm for 5 min.  

SO, Threshold Limit Value: 
.- 

(American Conference of Governmental 
and Industrial Hygeinists, 1972) 5 ppm for 8 hrs. 

ci 
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(Hawaii Occupational Safety and Health 
Standards Act 57, 1972, Revised 
August 1977) - , 5 ppm for 8 hrs. 

Short-Term Limit Value: 

(Pennsylvania Dept. of Health, 1965) 20 ppm for 20 m i n .  

(Hawaii Occupational Safety and Health 
Standards Act 57, 1973, Revised 
August 1977) 20 ppm for 5 min. 

Maximum allowable concentration for 8 hrs: 

(Federal Occupational Safety and Health 
I Standards) 10 P P  

Maximum allowable concentration for 5 minutes: 

.(Federal Occupational Safety and Health 
Standards) 20 P P  

Alert level 0 . 3  Ppm 
24 hr. average 

(Registry of the Toxic Effects of 
Chemical Substances, 1976) for 8 hrs. 

(Hawaii Occupational Safety .and Health 

August 1977) 3 mgm for 5 min. 

, 

Standards Act 57, 1972, Revised -3 

Maximum average: 

(Hawaii Occupational Safety and Health 
Standards Act 7, 1972, Revised 
August 1977) 

(Hawaii Occupational Safety and Health 
-Standards A& 57, 1972, Rkvised 
August 1977) 5 ppm for 8 hrs. 

Li 
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Short-Term L i m i t  Value: 

(Hawaii Occupational Safety and Health 
Standards Act 57, 1972, Revised 
August 1977) 

Short-Term,Limit Value: 

(Hawaii Occupational Safety and Health 
Standards Act 57, 1972, Revised 
August 1977) 

Alert level 

\ 

CO Threshold Limit V a l u e :  

(Hawaii Occupational Safety and Health 
Standards Act 57, 1972, Revised 
August 1977) 

Short-Term Limit Value: 

(Hawaii Occupational Safety and Health 
Standards Act 57, 1972, Revised 
August 1977) 

AsH3 Threshold Limit Value: 

(Hawaii Occupational Safety and Health 
Standards Act 57, 1972, Revised 
August 1977) 

Hg (alkyl) 
Threshold Limit Value: 

(Hawaii Occupational Safety and Health 
Standards Act 57, 1972, Revised 
August 1977) 

(National Industrial, Occupational, 
Safety and Health) 

\ 

Hg (all forms except alkyl) 
Threshbld Limit Value: 

E-1 8 

5 ppm for 8 hrs. 

25 ppm for 5 min.  

0.15 ppm 
24 hr. average 

\ 

50 ppm f o r  8 hrs. 

400 ppm f o r  15 rain. 

0.05 ppm f o r  8 hrs. 

10 u p o 3  for 8 hrs. 

ir 

10 ugmo3 f o r  8 hrs. 



(Hawaii Occupational Safety and Health 
Standards Act 57, 1972, Revised u August 1977) 50 ugmo3 for 8 hrs. 

(National Industrial, Occupational, 
Safety and Health Standard) 50 u p o 3  for 8 hrs. 

Ambient Air Quality: 

(Environmental Protection Agency's 
recommended 30 day average, Federal 
Regulations, 1975) 1 ugm-3 

Occupational: (Gertner and Huff, 10 ugmo3 maximum 
J. Toxicology and Environmental Health , allowable concen- 
2:491, 1977) tration for 8 hrs. 

Ambient Air Quality: (Gertner and 1 ugm-3 maximum 
Huff , J. Toxicology and Environmental allowable concen- 
Health 2: 491, 1977) tration for 8 hrs. 

Emission : 

(Environmental Protection Agency Regulations 
National Emission Standards 121:0461, 1976) 

Incinerations; wastewater; sludge 1600 gm. per day 

- v  Coal fueled power plants 

Water No data pertinent to re- ection have been found. 

Use is &de of State of 

2700 gm. per day 

talent 'of Health Class 2 

Hawaii Environmental Laws and not less 
Regulations Chapter 37A, 1972, than 6.5 nor more 
revised 1974) , than 8.5 units U 
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Total Phosporus: 

(Hawaii Environmental Laws and 
Regulations Chapter 37A, 1972 
revised 1974) 

Salinity: 

(Hawaii Environmental Laws and 
Regulations Chapter 378, 1972, 
revised 1974) , 

Arsenic : 

(Cormunity Water Svstems. EPA 
Primary kinking water Regulations, 
40 CFR -141, June 1977) 

Mercury: 

(Cormunity Water Systems,  EPA 
Primary Drinking Water Regulations, 
40 CFR 141, June, 1977) 

Discharge: 

(Federal Regulation 38,247, Dec. 1973) 
Into fresh water 
Into saline water 

ic 
not over 0.20 mg/l 

no stipulation for 
other than class 
AA water 

2 PPb 

20 ppb* 
100 ppb* 

%nip if: low t l o w  in water body is 10 times f l o w  of waste stream. 

Noise - It is anticipated that the noise level will begin to 
approach the level of a "quiet suburban residence" of 48-52 

dBAl or of a business office of 50-60 dBA after completion of the 

well-head installation. 

3 to 6 dBA with every doubling of distance. 

recorded at Geysers, California Geothermal Site was a free 

In general, noise levels decrease 

The maximum sound 
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I I 

venting well without any mufflers at 8 meters and was 

approximately 120 dBA, which equals t 

plane at 100 feet. 

safety would be urged and the wearing of protective devices 

required. OSHA currently allows 90 dBA- for eight hour 

sound of a jet air- 

For these extreme conditions occupational 

day and 115 dBA for 15 minutes without protection. 

ldBA means "A-weighted" sound level measured in decibels 

above a reference sound pressure of different frequencies 

so that the response of the ear is simulated. 

Noise limitations should conform, as an initial 

minimum, to the regulations issued by the U.S. 

Geological Survey for geothermal operations on 

Federal lands; i.e. not to exc 

lease boundary or one-half mile from the source, 

whichever is greater. 

i I E. Regulations 

State of Hawai 

Department of 

Environmental Impact Statement' for the 

Research St 

of Hawaii, 

Hawaii Occupational Safety" and Hea 

1972 revised 1977. 

Well at Puna, Island 

; 
4 
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EPA-600/7-78-101. June 1978. 

United States Department of Energy: 

Geothermal Energy Research and Development, and Demonstra- 
tion. 

Program. 2nd Annual Report (1978). DOE/ET-0039/1 , IGCC-3. 

United States Government Registry of the Toxic Effects of 
Clinical Substances, 1976. 

American Conference of Governmental and Industrial Hygien- 
ists (1972). I 

, 

The only means for identification of additional health 
hazard potentials are chemical and clinical. 
with all mandated standards and regulations and continued 
surveillance as set forth above eliminates from this 
consideration materials hazards already identified. 
substantive change in or modification of existing materials 
or procedures must therefore, be accompanied by an assess- 
ment of said changes or modifications for hazard potential 
before they 
contingent on control and safety measures as appropriate. 

Compliance 

Any 

e installed or effectively with approval 

Any innovations involving know or suspected teratogens, 
carcinogens- etc., would be strictly prohibited'without . 
f u l l  containment provisions. 

The "unkn spected" hazard can only be dealt 
with by a medical program for workers and close cooperation 

edical and health specialists and agencies. 

ity standards regulations and moni- 
evant to safety have been set forth. 

(Plant and general safety matters e.g., steamliners, 
caustics, falling I-bearing etc., are not our area but 
should be developed as management/engineering matters.) 
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Energy Output 
Megawatts 

3 
25 
200 
500 
1000 
3000 

rn 
I 
R)  
P 

. 
ENVIRONMENTAL TOXICANT OUTPUT IN RELATION 

TO SCALE-UP OF GEOTHERMAL ENERGY PRODUCTION 

H S Emission*%etric 

99+ 97+ 
Hg. Emissi n* 2 tons/yr Abatement % 

0 - - - P Possible 
Scale Factor Sources g .  24 hr' 

1 (Kapoho) 1 1.09 277 
8.33 (Kapoho) 1 9.13 - 
66.6 (Kapoho) 1 72.6 - 

1000 (State) 10 1089 - 
- 166.6 (Kapoho) 1 181.6 

333.3 (Hawaii) 4 363 

ppm wellhead maximum at 100 kilo-lb. h -l, steam Qual. 0.6. :* 
+ Current, using caustic soda and ruckpile sparger system. + *** 

!O:oipm wellhead maximum at 100 kilo-lb. hr-l, steam Qual. 0.6. 

Projected for completed generator facility at 16G9-A. 
Applies to the one deep well considered necessary to support the 
ethanol development project. 

8.3 2.8*** 
69.1 23.3 
562.8 186.5 
7383 466.2 
2766 932 
8298 2796 
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AF'PENDIX F 

. .  

by Kenneth W. McNerney- 
John H. Woods 

- Bank of Montreal (California) 
The First Canadian Bank of California 

ollowing general terms .and onditions are those which 
I 

an investor and/or develope may expect from a lending insti- 

tution. 

Borrower : e announced 

Equal to th 
United States Department of Energy ("DOE1*$ 
under Title 11 of the Geothermal Energy 
Research, Development and Demonstration 
Act of 1974 as amended, (the "Act"). 
At your ontion we will offer a 50% 

amount guaranteed by the Loan Amount: 

participakion in any corresponding loan 
to an.institutiona1 investor that will be 
a ~ a n g e d  by Meqill Lynch, Pierce, Fenner 
& Smith, 

To develop a geothe ergy resource 
o construct, own and operate an 

cultural complex. 
ated, dire ethanol, agri- 

Borrower ' s 
Equity: ' be ~ obtained equal 

o a minimum o the estimated 
roject costs er's equity may 
e injected on basis as the DOE 
uaranteed lo 

. "  
The earlier of 1 p 
of construction. or commencement of full 

after completion 

operating revenues , with an additional 
2 'year option term to allow the borrower 

I to- arrange permanent financing . 
' U  I 
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Repayment : 

Long Term 
Financing: 

Prepayment : 

Interest Rate: 

Fees : - 

Security: 

Interest only (capitalized) payable quarter- 
ly in arrears until the earlier of (a) one 
year after completion of construction, or 
(b) commencement of full operating revenues. 
Then, during the option term, up to 23 
equal monthly payments of principal 
(calculated on a 25-year amortization basis) 
with accrued interests, with a l l  remaining 
principal and accrued interest due in the 
24th month. 

Our B a n k  will use our  best efforts to 
assist in arranging Long-term financing 
with institutional investors (in connection 
with Merrill Lynch). 
Financing can be arranged for a martimum 
of 30 years including the construction and 
option period. 
the long-term fhancing for the institutions. 

Without penalty. 

Interest rate on disbursements will not be 
more than 3/4% over Bank U.S.  prime rate, 
floating, calculated on the basis of 
a 360-day year. With reference to Long 
Term financing rates, it is estfmated that 
the rate will be fixed at approximately 
50 Basis Points over comparable long 
term Government Bonds. 

Administrative fee of 1/4 of 1% of the 
Loan Amount of which 1/3 will be payable 
at the t h e  we issue our firm loan 
commitments. 

The Long Term 

We will agree to service 

All administrative fees will be refunded 
except for $15,000 if the loan does not 
close because DOE declines to issue its 
guaranty. 
fee will be due upon closing of the loan 
and is used to cover the Bank's legal and 
consultant costs. 

Loan servicing fee of $2,000 per month in 
arrears, starting when DOE issued its 
guaranty. This fee will be re-negotiated 
after construction is completed and on 
each third anniversary date thereafter, 
based on the amount of service work required. 

The balance of the administrative 

Generally, the following security is required: 
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1) Deed of Trust on Borrower's land, 
building, and improvements. Security 
agreements covering geothermal resources, 
'equipment, sales 'kdntracts and accounts 
receivable, feed stock contracts, inventory, 
operating licenses, construction, and 
management contracts. UCC Financing 

2) Security interest in maintenance reserve 
account (1% of full operating revenues, 

costs, to be used for maintenance and 
repair of capital equipment and to be 
replenished at the same 1% rate). 

3) Security interest in debt service 
reserve account (10% of principal and 
interest payments, buildup to one year's 
maximum annual debt service, to be used 
to cover debt service during force majeure 
and plant shut down events and to be 
replenished at same 10% rate). 

A special project loan account will be 
opened with the Bank, however, there is 
no minimum compensating balance required. 

Conditions : Commitment expiration date: The commitment 
will require the loan to close by a 
specified date and in the event the loan . 

is not closed by that date, the closing 
date may be extended at the Bank's option 
or the cormnitanent may be cancelled at the 
option of the Borrower or the Bank. 

The Commitment will be subject t o  a loan 
agreement and related documentation 
containing affirmative and negative 
covenants and other customary cross- 
default and similar provisions and requiring 
various security agreements, financing 
statements and other documents and 
conditions that may be determined to be 
required are to be furnished to the Bank 
prior to disbursement, all in form and 
substance satisfactory to Borrower, DOE 
and the Bank. Such documents will 
include but is not limited to: 

- plant cost breakdowns, plans and speci- ' 

fications, construction contracts. buildinn 

* Statements. 

I buildup to 5% of original capital equipment 

Bank Account: 

% 

- 
permits, regulatory approvals, surveys, 
U T A  title insurance, insurance certificates, 
and consultant reports and contracts. 
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- management plan, including consulting, 
resource, management, operations, main- 
tenance and sales contracts. 

- partnership and individual partners 
closing documents, -including partnership 
agreement, articles of incorporation, 
bylaws, good standing certificates, 
certificates of incumbency, certified 
resolutions, financial statements, and 
opinions of counsel to Borrower, DOE 
and Lender. I 
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