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ABSTRACT

This engineering and economic study evaluated the potential for deve-

~ loping a geothermal industrial park in the Puna District near Pahoa on the
Island of Hawaii. Direct heat industrial applications were analyzed from a
marketing, engineering, economié, envirommental, and sociological standpoint
to détennine the most viable industries for the park.

An extensive literature search produced 31 existing processes currently
using geothermal heat. An additional list was campiled indicating industrial
processes that require heat that could be provided by geothermal energy.
From this mformatlon ¢ 17 possible processes were selected for consideration.
Careful scrutiny and analysis of these 17 processes revealed three that
justified detailed economic workups.

The three processes chosen for detailed analysis were: an ethanol
plant using bagasse and wood as feedstock; a cattle feed mill using sugar
cahe leaf trash as feedstock; and a papaya g:dcessing facility providing
both fresh and processed fruit. In addition, a research facility to assess
and develop other proceéses was treated as a concept.

Consideration was given to the impediments to development, the engi-
neering process requirements and the governmental support for each process.
The study describes the geothermal well site chosen, the pipe line to
transmit the hydrothermal fluid, and the infrastructure required for the
~ industrial park. A conceptual ,development plan for the ethanol plant, the
feednu.ll and the papaya processing facility was prepared. |

The study concluded that a direct heat irﬂustrial park in Pahoé, Hawaii,
involves considerable risks. If a developer wishes to proceed, he should be
assured 'of the viabri.lity} of tenant processes. No processes were discovered
which would cbviously benefit by moving immediately to a geothermal

industrial park near Pahoa.
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FOREWORD

Hawaiian Dredging and Construction Campany, a Dillingham Caﬁpany,
campleted this study in late 1980. The study was to examine the feasi-
bility of an industrial park in Pahoa, Hawaii, utilizing the geothemmal
heat believed to be ava:.lable in that area. The work was performd under a
'contract for the U.S. Department of Energy, Geothermal Energy D1v1s:.on, and
was directed by Ms. Hilary.Sullivan, Program Coordinator. Significant cost
sharing in the study was contributed by Hawaiian Dredging and Construction
Campany, the-County of Hawaii, Amfac, Inc.’ and GeoProducts, Inc.

The study wes mdef the d1rectlon Vof Mr Jim Moreau, Principal
Investigator. He was assisted by the following staff: Ms. Jennifer Harris,
Mr. Dien Truong, Mr. Russell Luke, Ms. Janice Kuwahara and Ms. Heather
Garlutzo. :The principal subcontractors were:’

° Planning & Comunity: County of Hawaii; Mr. A. Nakaji, Mr. D. Black
° Agriculture: - - ‘University of Hawaii, College of 'Iroplca1.
Agriculture; Dx. R. Stanley, 11'. J. Brewbaker,
- Mr. J. Maloney. - .
° Geothermal Engineering: W. A, Hirai & Associates; Mr. W. Hirai, -

Mr. CQurt Beck |
¢ Ethanol Production: GeoProducts, Inc.; Mr. K. Boren |
° 2nimal Feedmill: Darrow Sawyer, Inc.; Mr. H. Sawyer |
° Papaya Processing: University of Hawaii, Hilo; Dr. R. King

° Engineering Analyeis: University of Hawaii, Hilo; Dxr. W. Chen

° Ethanol Engirieeririg: Parsons Hawaii; Mr. W. Siegrist

° Sugar & Papaya: = Puna Sugar Company; Mr. J. Humme

° Direct Heat Oregon Institute of Technology; Dr. P. J. Lienau,
Applications: Geoheat Utilization Center
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As well as assisting in the study, appendices were prepared by the

following:

(]

- Resource:

Iegal:

Social Impact:

Labor & Econcmic Impact:
Environmental:

Financial:

‘Hawaii Institute of Geophysics; Dx. C. Helsley

Carlsmii;h, Carlsmith, Wichman & Case;
Mc. S. Ckura

University of Hawaii, Department of Sociology;
Dr-, ‘Po m v L -

Puna Hui.COhana; Mr, E. Kinney

.- Ecotrophics; Dr. S. Siegel

Bank of Montreal; Mr. K. McNerney
Merrill Lynch; Mr. W. Laskey

An Advisory and Review Board representing a cross section of Bawaiian

industry and community leadership concerned with the appropriate develop-

ment of the Kilauea east rift geothermal resource was briefed twice during

the study.

Finally, Mr. Lloyd Jones, Manager of the Hawaiian Dredging &

Construction Campany Advanced Projects Department, provided study par-

ticipants gquidance, ocounseling, insights and continuing support throughout

the study period.
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Introducticn '

The mcreasmg hJ.gh cost of J.mported 011 has created a favorable econo-
mic and pol:.t:.cal clnnate ﬁor geothermal development in Hawaii. Today,
"energy self-sufficiency" is a major concern of Hawaii State and County
governments and the busmess canmum.ty

'Ihe long term benef:l.t of geothennal development as part of that energy
self-suff:.clency plan for Hawaii can be substantial. Geothemal electrzc

‘power generat:.on appears to be assured ﬁor at least the first 25 Mv of

electrlc power. chever ’ d:.rect heat applxcat:.ons enjoy no s:urular
assurance of success.

‘This study addresses the potential for success of the conceptual use of
geothermal heat in an industrial park near Pahoa, Hawaii.

MARKET IDENTIFICATION

A literature search of geother.mal dJ.rect heat appl:.catlons resulted in
31 processes. Separately and mgether, selected team members submitted
their assessment ﬁor each pmcess. Select:l.on cr1ter1a dlctated that poten—
tial processes:

- Be heat mtenswe. B )

- ; Relate o Hawanan raw matenals or low-cost l.mports «

-  Be technologically proven. '

= . -Be free from any known limiting barriers,

. =. Have a potential market. ,
The principle oconclusions .reached from these assessments were:

-  No one process stood ocut as an assured success




- There would be problems -associated with all developments

- It is difficult to penetrate complex Hawaiian markets

- Transportation to and from Pahoa is a critical factor

-  Transfer of mainland technolo§y to Hawaiian spplication must

be done carefully. | .

Through repeated review w1th increasirigly stringent crlterla for
inclusion in the industrial park, the liét was narrowed to eight poten-
tially promsmg indﬁstries. 'In addition, ‘a research facility was con-
ceived for the park with the intent o test and prove additional processes.

The eight potential processes selected for an initial econamic viability
analysis were: | | | |

- Aqpaculture oriented to the production of tilapia (freshwater
fish)

-  Cement bonded wallboard

- Ethanol plant using a cellulose feedstock

- Cattle feedmill using sugar cane trash and/or bagasse

- Freeze drying of Kona coffee

- Koa lumber processing using a geothermal heated kiln

-  Papaya processing

- Protein recovery plant

- Geothermal applications research laboratory (concept only)

SITE DEVELOPMENT

For the purpose of this study, a site located about 1 mile southwest of
Pahoa in the Puna District on the Island of Hawaii was used. (See Figure 1l.1.)

However, the actual implementation of the industrial park concept
developed in this study may be equally feasible on other sites near the

geothermal field.



GEOTHERMAL RESQOURCE

The pr:.mary Vgeothennala’tes.otr.lrce ‘in the Stateof Hawan. is valmd in the
Kilauea Volcano east tift zone that trends inv a north easterly direction
two miles south of Pahoa. The surface 'geological expressions suggest that
geothermal resources are likely to be found more or less continuously
through this zone. Thus, a proposed drilling site 2-1/2 miles south of the
industrial park site has a good probability of success. The dry hole risk
of drilling at the proposed well site is 3 in 10; the probability of
attaining adequate resource for the J.ndustrlal park is est:.mated at 70s.

Two geothermal resource develognent scenarz.os were or:.gmally deve-
loped to prov:.de heat for the mdustr:.al park. |

1. Development of geothemal wells as a prmar.y enengy source for a

25 Mie power plant, w1th ‘the nes:.dual steam ‘being used by t'he
,mdustnal park. 'me oost ﬁor hydrothennal ﬂu:.d transmssmn
and the cost for the well development would be apportioned bet-w
ween the electric application.and the direct heat applications.

2. Developnent of geothermal wells and transmission facilities dedi-

cated to the industrial park -and thus :i.ndependent ‘off direct
N . electric power generat:.on. i

Under either scenario , the hydmthennal flu:.d would ‘be converted to -
steam at the wellhead and transported 2-1/2 mlles to the 800 acre
industrial site located at the edge of the r:.ft zone. Geothex:kﬁal brine
would be re-mjected at the v~e11 s:.te. . B -

. Initially, a prloe of $2 67/MBTU was calculated ﬁor geothemal steam
based upon three producmg wells assum:.ng 1000 B'I'U 1s obtamed per pound of
steam. ’Ih1s prlce is oanparable to ﬁoss1l fuel steam costs at $7.46/MBTU.

xi




As the study progressed and the specific industrial processes and their

associated geothermal requirements were known, the geothermal steam price Lﬁ
was recomputed to $5.934/MBTU if only one industry operates.

INITIAL TEST FOR ECONOMIC VIABILITY -

An initial econcmic viability 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 found to be the primary variables.

ENGINEERING AND mc ANALYSIS

Three industries appeared to be ecbmnically viable when located at
the park after this initial anélysis. "Ihese were the ethanol plant, the
cattle feed m111 and the papaya processing plant. Each industry was then
subjected to detailed engineering and econcmic analyses.

BARRIERS AND CONCERNS

Potential barriers to and concerns about developing a geothermal
industrial park at Pahoa, Hawaii were evaluated.

These issues involved the major social, environmental and legal matters
impacting on the proposed conceptual park development. Permitting proce-

dures were addressed.

FINAL CONCEPT

From the foregoing, a most féésible concept for the park was
developed. This is:
1. ‘The anchor industry wou;d be a commercial ethanol plant desj.gned
to produce 20,000 gpd of fuél—grade ethanol and cl’other energy

xii



‘products. Inxtlal feedstock would be bagasse and wood frcm chla
| ’:forests and wastes f.rom lumber operatlons. In the future ’
| eucalyptus and 1eucaena trees would be conszdered ﬁor nearby L
F energy tree farms to serve as ﬁeedstock ‘ ' .
”é.; A.cattle EEedmlll would produce a roughage ounponent ﬁor cattle
| ‘l tfeed u51ng sugar cane leaves (trash) whlch would be cum:uuad w1th
a bmder and then cubed and dehydrated 'Ihe prunaxy market for
vthls pmoduct would be 1n Japan. Ny S
3. A papaya proce551ng fac111ty would 1nolude a refrlgeratlon cooled
warehouse for fresh fruit, a puree production line, and a vacuum
dehydraticn process for making papaya snacks. Papaya is
currently the mainstay industry in the lower Puna District, and
such a plant could offer an opportunity for cooperative ownership
by the local Hawaiian farmers. ‘ |
4. A research facility to test the feasibility of other direct heat
applications and develop additional promising processes including
small scale low temperature argﬂioations would also be
considered.

FINANCING PLANS

.At,such time a developer and/or investor becames interested in commer-
cialization of geothermal energy based_on tbe finalrpark‘concept, lending
institutions actively involved in geothermal development will develop
financing plans and sponsor a credit facility to finance 75% of the esti-
mated broject costs based on the Federal Govermment's geothermal loan

guarantee program.

xiii




CONCLUSICNS

'The establishment of an industrial park ﬁtilizing geothernal heat is
possible but mvolves oon51derable risk. This J.ndustnal park concept
requires a developer w1111ng ‘and capable of assummg those risks. Such a
developer should be fully satisfied that the anchor mdustr.y and the other
proposed park mdustnes are techmcally and eoomm.cally vz.able with
v assured narkets. In th:.s study e'e) processes were dlsoovered which would
either s:Lgm.fJ.cantly beneflt by relocatlon or would be guaranteed reaso-

nable success if initiated as a new mdustry

Xiv
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CHAPTER 1

BACKGROUND AND ‘INTRODUCTION

- Introduction ' ;

The Big Island of Hawaii has been described as a sleeping giant, an

island with a challenge and an island in trouble. None of these brief

descriptions adequateiy'describe the island of Hawaii in relation to the
development of a geothermal mdustr:.al park near Pahoa m the lower Puna
district. However, in a sense, the dlstrlct's Kapoho geothermal resource
is a "sleeping glantf' and a "challenge" that can help in the realization of
some of the island)',s‘goals relating to economic development and energy
self-sufficiency. L

This chapter orovides a oanmumty profile of the Puna district
together with 11-5 history, its people, and its climate. A summary of
recent business (_development experience along with Hawaii County's goals for

energy self-suffieiency are included.

Cammunity Proflle ‘

The 1sland of Hawau lles 180 miles southeast of Cahu, the State's
populatlon and ccmmerc1al act1v1ty center. The Puna district, shown on
E‘lgure 1. l, stretches southward from the suburbs of the city of Hilo to the
Black Sands seashore at Kalapana 'me area is generally rural and agn—
cultural w:.th local farmers producmg the bulk of the county's papaya,

' anthurlums and orchlds, worth nearly $13,000,000 in annual sales. Ih’

addltlon, the Lllegal marljuana crop figures prcmmently m the econcny of

Lower Puna and the County
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Puna: A Rural chmn.\mty in ‘I‘rans:.t:.on

" An examination of Pahoa, l’.ower Puna's largest catmmlty, md:l.ca—
tes a fairly recent mstory. Ancient Hawanans in the area had
generally settled in coastal comunities extending up the rugged

; 'u/Puna coastline to Hilo. Kalapana, Kapoho, opihncao, Rilohana and
Pohoiki were thriving flshmg cmmmltles trad:.ng dr1ed fish w1th
upper Hilo/ Hamakua v111ages for dried meat p vegetables, taro '
potatoes, or tapa cloth. ,

“ In the late 1800's, the Ola'a Sugar Company, later to lbeccme the
Puna Sugar Company, replanted its acreage from coffee and rubber to
sugar and expanded its acreage southward establishing the town of
Pahoa. The criginal town .,site:tvhich Wis near the present Yamaguehi
Service Station was later moved to a nearby site near the Akebono

. Theatre when the Pahoa Lumber Ocmpany established a sawmill to cut

chia timber to manufacture rallroad t'Les for the westward mvmg Union
and Southern Pacific Railroads. In 1903, ‘the 01a'a Sugar Gmpany
opened a new plantat:.on store and built new plantat:.on houses on the
hill next to the church. : | I
. Pahoa's population at that time oons:.sted of recent mported
Chmese, F:.lipino and Japanese laborers in add:.tlon to a large
Hawaiian community. ' ‘ )
Change came slowly' t this oamnm:.ty untJ.l the 1960 s, at whlch
time, some exploratory dr:.llmg ﬁor qeothermal took place and new
residents- mwed. A ' |
¢ Heavy m—migratlon has occurred from large oontmental u.S. urban

centers, mostly from the West Ooast. A s:i.gmflcant m:mber, mstly

1-3




Filipinos, arrived to work on the various farms. On the other hand,
early mainland newcamers generally were retirees settling on Vlarr'ds
purchased years ahead in any of the several large pre-1956 sub-
divisions (Figure 1.2) which were Vwitmut electricity, water, drainage,
sewage and adequate roads. Recently, many younger Caucasians came in
large mxﬁi:ers, seeking a self-suificient’ lifestyle. Many are involved
- in pakalolo (marijuana) cultivation, purchasing more lands with the
profits. |

Qverall, the Puna district population increased over 147% since
ﬂlelastcehsuswithmtnmareceivirxg the greatest portion of the
inéreases for a toﬁal population of nearly 5,000. '

According to local and Hilo realtors, large numbers of these
newcomers, in all ethnic groups, have migrated from Honolulu, Maui and
Rona where heavy tourist, condaminium and industrial development are
drastically altering the cultural landscape.

Most of the residents have a variety ofv jobs ocutside of Lower
Puna, mostly in Hilo. Unemployment averages 9.2% in the Lower Puna
District. Part of this high rate can be attributed to the seasonal
nature of the farm work and a large mumber of itinerants; but the pri-
mary cause is the limited local employment opportunities coupled with
the reluc:tande by certain residents to cammute beyond the district.

In the early 1970's, in response to growth and changes, several
new businesses moved into Pahoa including Magoo's Pizza -I-buse, a
natural food store, another Vlaundrcmat, a savings and cammercial bank,
a bakery/coffee house, a Chinese restaurant, a used appliance store,
and an electronic games center. A small medical center attends to the
health needs of many in the cammunity.

1-4



G-1

”

td

- FINAL
| PARK SITE |
INITIAL

~ PARK SITE

o
’

0

(KA OFIHIKAO

Y KAPOHO

SN

A ~

’
Poo¢ ' ]!.(.'l/
e e g

Figure 1.2 Alternative Park Site Locations




During the past few years, only one building, the Japanese
Héngwanji (church), was demolished to be replaced by a more modern
structure. A new camunity center of contemporary architecture has
| been built cn a short street extending cutward from the main road on
which Pahoa's firstr low-cost public housing (50 units) have been
built. Pahoa is approximately half a square mile in size and is esti-
mated to be worth $9 million in land and improvements.

The Puna Community Council has a membership of fourteen
| organizations. The Council provides an informal network pramoting .
betterment of the community. One member, the Puna Hui Chana, claims
to fbe a Hawaiian umbrella cammunity organization} it has a small staff
- that has the ability to conduct limited research and to éxpress can-
munity issues and concerns including geothermal/ecommic 4develog:ent.

The other thirteen organizations represent religious, ethnic |
subdivision, recreational, fraternal, business, parents, youth, and
agricultural interests.

Signs of changes to came are visible and are reflected in
congestion of the highways, schools and restaurants and in shortages
of goods and services. The Comunity Council has been actively
pressuring the local government for a by-pass road around Pahoa rather
than widening the road through town. This project is in the finai
stages pending community acceptance and govermmental funding.

People in the cammunity are currently e:;periencing the impacts of
these changés. Projections in the direction of these changes are
likely to be misunderstood if the cammmity is not fully informed and

mitigative measures provided.
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Climate and Topography

) Pehoa is located an thewmdward, rainy side of the island, at an
elevation of 650 feet. The annual rainfall varies from about 150
inches to 200 inches. (Figure 1.3)

Much of the lower Puna district has been overrun with lava.
Pahoehoe lava and recent aa lava flows are considered unsuitable for
agriculture production. However, the old aa flows can support dense
vegetation, papaya, and th:oggh uveaﬂxei’irg; the so:.l can be suitable
for agriculture productioﬁ. In the weétem ‘po:tiori of the district
there are large stands of chia ﬁbreéts; the central portion is pri-
marily devoted to bthe p:pdwon of sugar cane and anthuriums. The

. air is clear and tbeimiée level is low. Both of these factbts play a
prominent role in the enviromental impact of geothermal development.

1-7




‘Figure 1.3---Map oF THE ISLAND OF HAWAIT SHOWING THE
o - DISTRIBUTION OF RAINFALL

Upolu Pt.

5 10 15 20

Scale in Miles

Kalae Pt.

SOURCE: County of Hawaii, Department of Water Supply, 1972-1973 Annual Report,
Table No. 7.




Big Island Busmess Experlence

‘Observations and experlence ooncerm.ng busmess development in the
County of Hawaii indicate that the marketmg of products has been the
greatest smgle 1mped1ment ) the economic v1ab111ty of a new venture.
Rarely have land, building permits, technical productlon, fmancmg or
other cons1deratlons been a 11m1t1ng factor.

As a background to mrket 1dent1f1catlon ' busmesses whlch had failed
within the last 10 years on the B:.g Island were exammed. 'I.he evaluation
was l:um.ted to gr:owmg, manufacturmg and processmg operat:.ons. Retail
stores, visitor industry fac111t1es , and other low energy users were
excluded. It was ooncluded that approx:.mately 55% of new ventures failed
due to market factors, another 30% falled because of management factors and
15% because of capltal problems It is hlghly mxprobable that the cost of
energy was the dec:.ding factor in any fallure Seven case studies were
evaluated. The pr1nc1pal findings are smnuarlzed below. |

 Case #l: The cambination of boor productivity coupled with market pricing
problems created a situation where management could o longer
- defend operating-a business with returns cn investment below
_ ‘ ,those expected by the company. shareholders. SR
Case #2: An aricultural product cperation . falled because of a shortage of
- cash. They also had a,marketmg problem in that while a local
outlet was found, markets outside of the limited Hawaiian market
. could mt be penetrated. | |
Case #3: Management did rot seem to_;_haye,oontrol of operating cost, nor
could they penetrate the market. These factors, coupled with
increased inventory led to a cash shortage and then collapse.
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Case #4:

Case #5:

Case #6:

Case #7:

A Midwestern operator attempted to establish an operation on the o
Island of Hawaili using mainland techniques w:.th little adaptive gﬁ
reseaich infbrmation.r A lat'ge capital investment was made in
equipment where more eeodanical alternates would have probably
worked as well or better.

The developer created an @erat:.on that was too labor intensive
and subsequently ran into cash problems. The management also did

not understand how to market a new product, and had no staff

avallable to hardle the marketmg function. This resulted in

excess cash being t:.ed w :.n mventoxy.

This operation was des:.gned to dry, process and ship an agri-
cultural product. The market was good, however, the operator
could rot meet market cbligations with regard to quality and
quantity. Lacking proper management, a quality control program
was not institﬁted, which resulted in negative responses from
the marketplaee. 'Ihe resulting cash flow problems impacted the
funds available for fertilization, which in turn resulted in low
yields per acre and eventual failure.

Management was apparently unable to determine the future require-
ments of certain products resulting in large inventories of unu-
sable manufactured camponents.

The cases reviewed contain a cammon thread of marketing problems,

difficulties of cash flow, and weak management. In contrast, examination

of the ongoing businesses on the Island of Hawaii indicated that many of

these have survived because they are small and easy to control.
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Energy Self-Sufficiency

Energy self—sufflc:l.ency for the Island of Hawau has becane a major goal
of the State admmlstratlon. Alternate energy for this self-sufflcxency ;'
program has. concentrated ‘on wind, solar (wh:.ch mcludes Ocean Thermal F»
Energy Oonversmn (OIEC) )s b:Lomass, photovoltalc, small scale hydropower '
and geothermal energy. ’Ihe energy use patterns for the :leand of Hawaii are
shovmm'lablell.ki o

In 1976 the first geothermal well (HGP-A) was dr:.lled near Pahoa in the
Kilauea volcano east rift zone 'Ihe dlaracteristlcs and other mfomatlon :
covermg tlus well are contamed m the next Cnapter. In 1981, a 3 MA
: wellhead generator w1.ll be cperatlonal using the steam frcm the well

H Addltional dr:LllJ.ng nearby in the Kilauea east rift zone is ongoing at
thls time by Barnwell Geothermal Oorporation.

The local electrlc ut111ty has mdlcated a w1.llmgness to purchase up
| ~to approxlmately 25 MW of power frcm geothermal sources: Additional
electr1c1ty for the Island of Hawau w111 not be required in the near or
foreseeable future wx.t.hout a substantial increase in demand.

'Ihe possibility of an underwater cable that would connect ‘the Island
of Hawau. with OGahu could mcrease the demand ﬁor geothermally produced ‘ §
electr:.czty. Oahu has a total electrlcal generatmg capac:.ty of- approxma—
tely 1200 MA; 98% of wh:.ch 1s prcv:.ded by - foss1l fuel generatlon plants.. «;’A :
cable carr.ylng an est:.mated 200 to 400 MW of Island of Hawan power to cahu
,would do much uo make the State of Hawau energy self-suff1c1ent.
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2Ll

Reaidentinl Use
Fuel Source Btu x 100 % :
2% Potrol : .0 3 |—2Z
Direct Use of Ener 2. oro”eun N *
NGIW % ‘ } Electricity 922.0 62.9
. TOTAL 829.9 100.0
Petroleum 9,014 63.7 . - .
Biomass 5,144 3623} Gy
Commercial Use
TOTAL 14,158 100.0 | - v - 9
- , : Fuel Source. Btu x 107 X 46.6
2.0%- Potrolens - 288.3  27.4 T----
634 o) | Electricity 263.6 - _72.6
TOTAL © 10519  100.0
Total Energy Use
Fuel Source  Btu x 10° X , :
Petroleua 13,87 - 61.9 : - Jndestriel Dee
:{:‘;:“ 8 §,1’é Yy 33:2 __;H ‘ Fuel Source ' Btu x 10° . N i
' 10TAL 2,031 100.0 ‘ | 5% ] petrotewa 1359.3  19.8 |3
' * , _ : Electricity . ~ 3528 5.2 [
Blosass . _ siib.0  25.0.
TOTAL 6,852 100.0
_ ' 36.9 : :
Enorgy Used ' for Electrical Transportation
Generation & ‘ '—"--22———-—- i ‘
Fuel Source . Btu x 107 "= ' ' 49.9% Fuel Source - Btux 10?2 %
Potroleus 8,850  58.7 L———>] Potroleua - 7,05.5 100 0.0%
Hydro 21 g.g : Electricity 0 0 3
Biomass 2,202 38, ‘ : ,
‘ TOTAL ?7.058.5 100"
' . b i

1/ Met of Transmission Losa j1638.00 <10  Btu Y,

Source: SRI Internatibnal; Energy Self-Sufficiency for the Bi Islénd\
(Final Report, January 1980) 9 of Hawaii

Table 1.1 Energy Use for Hawaii County, 1977
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| CHAPTER 2~
Introduction ’ ' ‘

- _A proposed site for -the industrial park lies west of the Pahoa~Kaimu

Road and just north of the Kllauea east r:.ft -zone at an elevat:.on of

approx:.mately 750 feet above sea level A well site (at an elevat:.on of

1100 feet) was selected m‘A a_geothermal anamaly ‘on_ the east rift zone

neatest to the mdustna.l park. The aifference in 'ele'vati:.oh' will eliminate
the need for pumping the hydrothermal flu:.d to the park (Figqure 2.1). In

this chapter, the . geothermal r:esource, the well s1te, the plpeline and the
industnal park heat requ:.rements are d:.scussed. : costs and resource deve- A
1ognent assmptlons and development timetables ﬁot two scenarms are

o mcluded.

Development and use of low temperature (below 200°F) geothex:mal wells

and waste heat from the geothermal er.ne at the mP—A or other wells was
~considered outside. of the scope ‘of th:.s oontract w1th the Department of

Energy. This contract was. lmuted to the oons:.deration of an industrial

park off the r:.ft zone. 'n'u.s park then will requ1re transportat:.on of the

 geothermal heat at a s:.gm.f:.cant dlstance (1 to 3 mlles) ‘from the wells 0w
the park. It is not technically des:.rable for eoorm:.cally pract:.cal o

transport low qua.lxty geothennal fluid over these dlstances. -
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The Geothermal Resource*

The cnly proven geothermal resource in the State of Hawaii is in the
eastern portion of the Puna District, about 25 miles from the sumnit of the

Kilauea wolcano. The magma (molten rock) entering the Kilauea volcano

" comes from deep within the earth and oollects in a shallow étorage reser-

voir beneath the sumit caldera. Most of this stored magma leaves the sum-
mit region via subsurface conduits and shows up again as lava flows
emerging to the surface along the rift zones.

The southeast rift zone of Kilauea camnencés at the Kilauea crater and
extends in a southeasterly direction for about 4-1/2 miles where it makes
anabruptberﬂ and continues on a trend of about N65E to Cape Kumukahi
(Figure 2.2). The rift zone is marked by a series of eruptive vents, fault
scars, ard historic and prehistoric cinder cones indicating the presence of
deep wolcanic activity. The zone varies in width from 2 to 4 miles with
the most active part apparently being oconfined to a zone approximately 2
miles wide. From geologic considerations, it is conceivable that much of
this region's subsurface is at elevated temperature.

The rift zone consists of dike camplexes which vary 1n thickness fram 1
to 5 feet averaging between 2 and 3 feet. These dikes trend in various
directions butvgenerally have an avérage tr:end within about 20 degrees of
the trend of the rift zone as a whole, The dikes probably camprise some 25
percént',or more of the total volume of the rift zone. Thus, it can be
estinated that the east Puna rift zone may contain 1,000 to 2,000 dikes in

a generally fractured zone into which new lava can move.

*This section is a condensation of a more camplete discussion as contained
;i.n Appendix A. :
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Each of these numerous dikes are intruded at temperatures in the vici-
nity of 1,100 degrees centigrade. However, it is calculated that the tem~
perature within the rift zone, at a depth significantly below sea level
Qhere water circulation has not been great, should be about 300 degrees
centigrade. This inferred subsurface geology was confirmed by the drilling
of fhe HGP-A well in 1976.
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Geologic Hazards

The island of Hawaii is wvery young, with the oldest rocks now exposed Lj
to the surface being less than 500,000 years old. The Kilauea wolcano is
even younger and few of the surface rocks on Kilauea are older than 2,000
years. Any area with young geologic features has concammittant geologic
hazards and Kilauea wolcano is no exception. The primary hazards along the
rift zone consists of earthquakes, lava flows, eruptions, and sudden ground
movement associated with féultirg. \ Although these hazards are present, the
economic risk is probably small., . |

The largest earthquake in the reéent past was the Kalapana earthquake
of 1975 (M=7.2). Smaller earthguakes occurred in 1954 (M=6.5), in 1951
(M=6.5 and M=6.9), in 1929 (M=6.5), and in 1868 (large but magriitﬁde
unknown). Despite the size of these earthquakes, little structural damage
occurred and accelerations rarely exceed 0.4g. These accelerations have a
peak amplitude response primarily in the vertical direction. In a risk
analysis for the axrent well site (Rogers Engineering, 1978), it was
recommended that the design criteria for primary camponents (components
whose failure involves severe economic loss or possible loss of life or
severe injury‘) be adequate to withstand a ground acceleration of 0.4lg with
a response spectrum peaking at approximately 4 hz. These characteristics
were recommended on the basis of a 30-year design life 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.

Volcanic hazards within the rift zone can be divided into 2 categories:
Those due to events taking place‘ in ‘the iminediate vicinity of an eruption
and those that are associated with the downslope movement of lava issuing

26
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from a vent. The best,,and perhaps only, way of mitigating the first
hazard is to locate the- Lidysical facilities ov.xtsme the zone of potential
active eruptive activity. The industrial park site being considered is
outside the rift zone.

According to the. Rogers Engineering report, 3 to 8 percent of the land
area within the rift zone is likely to be.buried by lava flows in any given
20 year period, while only 0.5 to 3 percent of the area cutside the rift
zone would bevcovered during the same period. Thus, location of the major
physical facilities outside the rift zone, particularly if the location is
in an area of high ground, should provide an adequately low risk for a major ‘
investment. .

 Ground subsidence has historically been limited to the rift zone itself

or to areas to the south of the rift zone.  Subsidence occurred within the

rift zone in 1924 and again in 1955 in association with eruptive activity
and also. occurred south of the rift zone in 1975 at the: time of the 1975
earthquake. There is no historic record of subsidence taking place north
of the rift zone. Thus, subsidence should not be a significant hazard to a
plant site located north of the rift zone. - - . -~

The zbove analysis has primarily dealt with the hazard at the proposed
industrial park site. The producing wells and the p1pelme are subjected
to all the hazards of the rift zone by necessity, ﬁor that is where the

| resource 1s located Earthquakes w111 probably not result m damage to

either mstallat:.on, with the poss:.ble except:.on that the well bore oould
be dlsrupted should a fracture mtersect the well bore 'Itu.s :I.S an unllkely

‘poss1b111ty and can be best mltlgated by havmg several producmg wells

separated from each other by some d;stance. ‘Ihe plpelme 1tself should not
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be injured by earthquakes, nor should eruptive activity disturb it as long
as steam continues to flow within the pipeline for it is then essentially
self-cooling. Lava flows, on the other hand, could disrupt the pipeline
if very viscous or blocky. Little disruption is likely to occur if the
pipeline is on the surface and is overrun by very fluid flow. Hazard to
‘the pipeline can 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 to accommodate thermal
expansion and contraction, ground subsidence or extension should have
little effect on its operation.

The geologic hazard inherent in the east Puna region can be greatly
minimized by careful selection of industrial park site and by awareness of
the natural hazard of the region during design and construction of all sur-
face facilities. Although it is difficult to estimate the extent of econo-
mic 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 life of the installation (estimated as 30 years) if care
is used in the choice of site and proper engineering design and construc—
tion techniques are used.

Well Site Considerations

The major resources w:l.thm the region are likely o be fourd in asso-
ciation with the 2 n}ile ﬁde east rift zone. The exact location of
geothermal resources along thj.s trend is unknown. Litﬂe geo?hysical data
is available to pinpoint detailed targets. However, the surface geological
expfessj.ons suggést that r:esouréesi are likely to be found more or less con-

tiimousiy throughout this zone, rather than in only a few isolated spots.
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Thus, the well site selected ﬁor t'hls study seems appropr:.ate. When and if
” 'developnent does occur ﬁor ﬂus spec1f1c su:e, 1t may be poss:.ble to 1den-
" tify a resource within a mle and a half of the 51te where the 1840 vent
line appears to prov:.de ev1dence of a potentlal resource. |

It is expected that future development m the southeast nft of
Kllauea w111 result in a series of dr:.lling s:Ltes separated by one to three
miles, thus the mdustrlal park concept need mt be confined to a spec:.flc
site. The ex:.stence of the current HGP—A well would suggest that one such
site might be due north of the HGP-A well. Bowever, the sxte under study
is suited for the dr:.llmg similar to that whlch was recently canpleted by
Barnwell at their Oplh:.kao lccatlon. ‘Ihe Barnwell site is approxmately
3 miles SSE of the proposed site adjacent to the easternmost vent of the

western zone of the 1955 eruptive activity.

Park Heat Requlretrents

Im.t:.ally it was ant1c1pated that fJ.ve or six processes requ:.rmg a
total of 150 to 200 MBTU/hr would be cons:.dered sultable ﬁor the
mdustr1a1 park. Development of fhe geothemal resource was evaluated
under two ‘scenarios. me scenario develcps the resource solely fcr dxrect
heat appllcatlons, the other is coupled w:l.th a 25 MW electr:l.c generat:.ng

power plant. k '

 Scenario l - Develop Resource Solely for Direct Heat Appllcatlon

Accordmg to the HGP-A productlon data of January 1977, the well is
capable of producing 79',000 1bs./hr. of two mase flow at 320 psig of which
41,000 lbs/hr is steam. However, this production capacity is justifiably

low due to erosion of the well's side walls which occurred during a five
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~ week duration between campletion of the drlllmg and llnmg of the well.
This problem was a result of the delay in cbtam:.ng the lining material and
not part of the procedures outlmed for the pro;;ect. Subsequent to canple-
tion of the HGP-A pro:;ect, it was determmed by the research team that
HGP-A's productlon is approxlmately 30% low. With the assumptlon that new
wells drllled will have camparable productlon charactenst:.cs w:.th timely
well lining and ccmplet:.on methods, the productlon of the new wells can be
expected to be 30% higher than HGP-A. ﬁ Therefore, the expected production
of each well is: ; | o

Total flow-2 phase (320 psig, 438°F) 103,000 lbs./hr.
Steam 53,500 lbs./hr.

Three production wells, one standby 'well, and one injection well will
be required. With the three production wells, 309,000 lbs./hr. of two
phase flow or 160,500 lbs./hr. of steam will be produced. The proposed
wellsite and transmission schematic to deveiop the geothermal resource and
to deliver the energy to the park site is shown in Figure 2.1. The cost
of the wen development and well site equipment is presented below.

The well development costs are based on a preliminary cost estimate
quoted by a firm actively drilling in Puna on the Island of Hawaii. The
following breaks down the total cost of drilling a well:
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“Mobilization/Demobiligation -
Drilling 80 days @ $7,500/day .

Drilling Bits .
 Rental & Miscellaneous
A‘Casing :

Cement & Outside Services

Production Emﬁ@uent'f

Supervision :

tkn@ﬂetion

Subtotal
Contingency
TOTAL

Well Development Cost:

’ ftbduciion wells (3)
" Injection wells (1)
. Standby well (1)

$ 165,000
600,000

- 126,000

- 57,500

156,730

324,000

35,350

24,000

20,000

1,509,000
100,000
Approx. . $ 1,600,000

1980 Dollars

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

$ 8,000,000

The well 51te equ1pment costs were. estrmated based on the cost

incurred o the HGPeA progect adjusted for inflation,... . -

L, Bk Hoan?

Site Preparation

Two Phase Separatof
Evaporators |

H,S Hoatenent Systen
Site Utility, Roads, etc,
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70,000
700,000
/600,000
530,000
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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, including administrative, legal, Envirormental
Impact Statement (EIS), etc. are estimated to be $450,000. Table 2.1 shows
the development timetable for Scenario 1.
Cost Summary
(1980 Dollars)
Construction Costs
wells (5 x $1,600,000) | $ 8,000,000
Well Site BEquipment 2,200,000
Pipeline 2,700,000
Administrative, Legal, EIS, etc. 450,000
TOTAL $13,350,000
The required selling price of the steam to yield a reasonable rate of
return was calculated to be $0.00267/1b. What follows are the calculations
that confirm that this selling price gives a reasonable rate of return.
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' Year 1 , ' Year.2 . . . Year 3

Permitting, EIS B ' H
Weli Drilling
1st well | | N

Well Testing 7 .

Well Site Design

Well Site Construction . . - o E B i _

Pipeline Design

Pipeline Construction

Capital Investment $2,000,000 $5,700,000 $5,700,000

' Table 2.1 Scenario 1 - Development Timetable
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Each pound of steam has an absolute heat value of approximately 1200
BTU. It is assumed for study purposes that only 1000 BTU is recovered per
pound of steam. However, a more accurate figure can be confirmed once
engineering drawings and specific equipment are identified .‘

The $0.00267/1b. price for steam was confirmed utilizing the following -
assumptions: | - :
o ‘ Geothermal Resource Development

_Assumptions

Construction Costs

The total construction cost of $13,350,000 is spread over three
years according to the development timetable presented in
Table 2.1.

Escalation

Construction cost escalation at 8% a year.

Revenue
A steam load factor of 90% was assumed. The amount of -annual
saleable steam was calculated as follows:

Annual Saleable Steam = 157,500 lbs./hr. x 24 hrs. x 365 days
X .90

= 1,224,720,000 1bs./yr.
Revenues equal the annual steam sales times the selling price.
The required selling price was derived through camputer iteration.

Operating Expenses
Field Operdtion & Maintenance - calculated as 7% of gross

revenues.

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

- Consistent with current practice, 80% of total well costs
(includes well equlpnent ard assoc:.ated pemlttmg ¢, lease, legal

and adm:.m.strat:.ve expenses) were des1gnated as ‘IDC and expensed
in the year mcurred

Depreciation

All capitalized construction costs were depreciated using acce-
lerated depreciation over the allowable tax life:

Wells 20 years

Pipeline 30 years

Other Equipment 22,5 years
Depreciation of wells and cother equipment begins upon operation.

Royalties

In Hawaii, the State has indicated it would charge a royalty fee
of 10% for geothermal hot water and steam or 5% for substances
extracted from geothermal fluids in cases where it claims the
minerals. When the minerals are not claimed by the State, the
royalty rate is negotiable with‘the owner. 2An override of
approximately 2% mj be paid to the surface owner. In the
analysis, the base case royalty assumption is 10% of gross reve-
nues (Option 1l). Sensitivity analyses were included in the model

- w1th royalty rates of 12% (Optlon 2) and 15% (Option 3) nepre—

| sentmg the bas1c state royalty plus an assumd 2% override and a

5% negotlated r.ate w1th a prlvate owner r.espectlvely. ‘ALl per-

centages are based m gross ‘revenue’ of steam.
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Depletion Allowances

A depletion allowance totaling 15% of net revenue (gross revenue L)
less royalties) was deducted from net revenue to arrive at

taxable incaome.

Incame Tax Rate

The statutory combined State and Federal tax rate was assumed to

Method of Financial Analysis: Throughout this study, the method of finan-
cial analysis has been to prepare a financial model based on assumptions
vwhich are shown prior to the model. The model camputes oosts, revenues,
taxes, depreciation, depletion, etc. to generate an after tax cash flow,
typically for 25 years. From this after tax cash flow, an internal rate
of return and a payback period is camputed. Then a decision is made
whether this return is reasonable for the risks involved.
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DESCRIPTION

FIRST TEST WELL
SECOND TEST WELL
PIPELINE

NELL EQUIP
PRODUCTION WELLS [3]

PERMITTING (EIS]
LEASE PAYMENTS
LEGAL

EMPLOYEE EXPENSE

TOTAL

INFLATION RATE
SELLING RATE

REVENUE

FIELD GPERATION
QTHER EXPENSE
DEPRECIATION

GPERATING PROFIT

EXPENSED IDC

ROYALTY [0PT 11
ROYALTY [0PT 2]
ROYALTY [0PT 31

DEPLETION [GPT 11
BEPLETION [0PT 2]
DEPLETION (OPT 33

TAXABLE INCOME [OPT 1]
TAXAELE INCOME LOPT 21
TAXABLE INCOME (OPT 31

Tax (oPT 13
TAx [0PT 22
TAX (OPT 31

NET EARNINGS [OPT 11
KET EARNINGS [OPT 21
NET EARNINGS [0PT 3]

NET EARNINGS LOPT 1)
NET EARNINGS [OPT 23
KET EARNINGS [0PT 31

OEPRECIATION
INV TAX CREDIT
CAPITALIZED EXP

GEPLETION (0PT 11
DEPLETION (OPT 2]
DEPLETION (OPT 31

CASHFLOW [0PT 11
CASHFLOW [OPT 21
CASHFLOW [0PT 31
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FINANCIAL SUMMARY

Option 1 . Option 2 . Option 3

Present Value at
Following Discount Rates:

15% : $ 10,335 $ 9,929 - $ 9,322
20% 4,400 4,145 3,764

25% - 1,368 . 1,194 934

" After-Tax Discounted Cash
Flow Rate of: ‘

Return , 28.9% ' 28.4% 27.7%

Payback 5.8 years 5.9 years 6.0 years

Conclusion: The computed after tax discounted cash flow rates of return
ranging from 28.9% to 27.7% reflect reasonable, risk adjusted, rates of
. return for a major corporation.
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Scenano 2 - Develop Resource Coupled Wlth a 25 MW Power Plant

It was or:.gmally assumd that the 1ndustr1al park could ut:.llze waste
heat fran aasm power plant. Analys;.s ccncentrated on estimating costs
‘for the geothermal f1eld developnent and corxstruction of t.he power plant.
Based upcn an after-tax d:.scoxmted cash flow analysis various mvestment
cost appcrtiomxents were made to derive the charges for electricity and
Steam. - '

The initial temperature requirement for industries 'in the industrial
parkwas increased to the400°Frange toprcvideand accmmcdate adeer
select:.on of mdustnal pn:ocesses. This high temperature preference mva-
lidatedtheassmnedlseofthebrmepcrtionofthem-phasepmerplant
output and it was clear that separate wells would have to be dr:l.lled for
both the power plant ‘and dlrect heat users. Ibwever, a certain amount of
ccst-sharmg of the well—site equipment, transmission pipeline and
legal/env:.rormental costs ocould be realized.

; 'Ihe costs assummg field develc;ment and construct:.on of a 25 MW power
plant and development of geothermal resources for du'ect heat appllcatlon
are presented in 'Iable 2~3. ‘The development timetable is shown in Table 2.4.‘ ~
'medlrectheatresourcerequirementsarethesameasmScenancl, but
certam costs are lower reflecting the sharmg of expenses w:.th the power
plant.

Cons:.deration of the development time ‘required for a co-located power
plant/direct heat applicat:.cn w:.th cnly a 5% cost savings reduced the
attractiveness of thls proposal. . The price of - the geothermal steam would
not differ sugm.fmantly from that calculated in Scenano 1. ‘Therefore,
this scenario was rot develcped further.
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Direct Heat

25 M Power Plant Applications Tof.al s b
Well Requirements  6wells 3 wells 9 wells
: L : 2 standby - 1 standby . 3 standby
. 2 injection 1 injection 3 injection
Field Development Costs o - |
Production Wells . 7 $ 9,600,000 ‘$ 4,800,000  $ 4,400,000
Injection Wells - 3,200,000 1,600,000 4,800,000
Standby . Wells - _ - 3,200,000 1,600,000 . 4,800,000
$ 16,000,000 8 ,000 ,000 14,000,000
Site Preparation $ 400,000 $ 200,000  $ 600,000
Separator = . ‘ 140,000 - o 70,000 - . 210,000
Evaporator — 700,000 700,000
HzS Abatement o 800,000 - 400,000 - 1,200,000
Site Utilities, Road _ 560,000 330,000 890,000
§ 1,900,000 1,700 !000 - . 3,600,000
Transmss:.on Pipeline , — $2,700,000 - -~ $2,700,000
Power Plant _
BEquipment $ 10,000,000 o $ 10,000,000
Construction 12,500,000 12,500,000
Engineering 2,500,000 : g 2,500,000
$ 25,000,000 25,000,000
Legal, Environmental, ' |
Administrative $ 600,000 $ 300,000 $ 900,000
Total Costs $ 43,500,000 '$ 12,700,000 $ 46,200,000
Percentage of Total 77.4% 22.6% 100%
TABIE 2.3

Costs of Direct Heat Application Coupled with 25 MW Fower Plant -
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Year 1

Year 2 Year 3

Year &

Year 5

Permitting, EIS

Well Drilling

1st well

other wells .

‘Well Testing

A
e ﬁ.‘ |
n

Well Site Design

Well Site Construction

Pipeline Design

Pipeline Construction

Pover Plant Design

Power Plant
Construction :

Capital Investment

$2,000,000

$8,500,000 $10,000,000

$20,000,000

$15,700,000

Table 2.4 Bcenario 2 - Development Timetable




Steam Transmission Plpelme to Park

Clean steam is produced in a heat exchanger at the well site in a
manner similar to that developed by M. Tanska in the 1979 Puna Sugar
~ study.* The conceptual design was based on a m:.nnm:m of 175,000 lbs./hr.
of 403°F, 240 psig’steam erxterirxg the pipeline at the welisite ed. The
diameter of the proposed pipeline is 20 inches; the design length is 14,000
feet. The pipe material is steel of standard vall thickness, and insulated
with 5 inches of calcium silicate’ insulation. Pressure losses were esti-
mated from Unwin's formula assuming wmiform average conditions along the
length of the pipeline equal to the initial conditions. This estimate is
0.075 psi per 100 feet of pipeline. However, this method slightly
underestimates the préssure loss, so the estimate was increased to cbtain 6
"psi per mile of plpelme Thus, for the des:.gn length of 14,000 feet,
total pressureloss is 16 psi. Steam condensation was determined from the
results of heat transfer studies performed by M. Tanaka in the Puna Sugar
geothermal study. These results showed steam losses of 880 pounds per hour
*pei: mile of pipeline, or total losses of about 2300 pounds over the design
rlength of 14,000 feet. Thus, a maximum of 172,700 lbs./hr. of 395°F, 220
psig steam would be available at the parksite.

The assumed route of the pipeline is shown in Figure 2.1.

'mé. total cost of the pipeline is estimated at $2.7 million.

_ Low Grade Heat

- In both scenarios, there is resultant low grade heat from the separator
which could be utilized. The amount of this geothermal resource normally
reinjected, is as follows:

* ’ '
Engmeermg and Economic Analysis for the Utilization of Geothermal

Fluids in a Cane Sugar Processmg Plant. Final Report - Ruma Sugar .,
Ltd., July 1979.
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Direct Heat Scenarios . 148,500 lbs./hr. of 428°F swater
25 Mi Fower Plant Scenario: 408,000 lbs./hr. of 373°F water

Converting this geothermal brine to process: hot water would require
two to three mJ.llion dollars for heat exchangers, a second t:ransnu.ss:.on
pipeline and the dr:.llmg of fresh water wells at the well s:Lte.

Due to the mcertamties assoc:.ated w:l.th t'he ultnnate number of
geothermal product:.on wells to be used ¢ the mlatively low heat can:ymg
capac:.ty of hot water and the uncertainty in selecting a- low temperamre
process, further study of low grade heat available fran the h:t water was

terminated.

Camparison with Conventional Steam Plant

Anatte:ttptvasmdetocanparethecostofprovngeothemal steam
with steam f:un a conventional oil-fired generating plant. The cost sum-
mary and assumptions in Table 2.5 were used to arrive at'the cash flow for
a steam boiler plant in 'Iable 2 6. ‘me resultant price of $7.46/1b. ocom-
pared to the geothermal steam pnce of $2 67 conflms the cost-savmgs
derived from using geothemal " '
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TABLE 2.5

Steam Boiler Assumptions

constructlon Costs:

2 - 800 hp Qleaver Brooks b01ler 162,000

Transportation - Pahoa 33,600
Additional Supporting Equipment 70,800
Transportation - 5,000
Installation (1600 hrs @ 35/hr ) 56,000
Land Purchase ($12,000/acre) . - 24,000
Building 75,000
Permitting : 50,000
Testing 30,000
Site Preparation ' 10,000
Site Utility, Roads, etc. 156,284
Subtotal 672,684
Contingency - 20% 134,537

TOTAL 807,221

Revenue:

Based on annual steam capacity calculated as follows:

55,000/1bs./hr. x 20 hrs. x 365 days x .9
= 361,350,000 lbs./year

Requ:.red selling price to cbtain 20% after tax y:.eld
derived through camputer iteration.

Q& M:

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

Fuel:
Estimated at $2,512,368 in 1980 dollars
based on 478 GPFH € $.72/gallon.
Escalated at 8% a year.

Depreciation:

Plant depreciated over 22.5 years using accelerated rate.
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TABLE 2.5 (continued)

Tax:

Cambined statutory State and Federal tax rate of 50%.
Investment Tax Credit (ITC):

ITC of 10% on capital costs.
Escalation:

8% per year.
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Steam Boiler
Financial Summary

| 18 1 208
' Net Present Value o 889,508 2'7_1',:52{1" ."<34,'284> |
After Tax Discounted Cash . .. - - 19.3%-

Flow Fate of Feturn - -
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It is reasonable to expect that a geothermal resource similar to that >
found in the existing HGP-A well could be found about 2-1/2 miles from the
proposed irﬂustrial park site.r It would be practical to piper clean steam
produced fram ,this resource to the park. The proposed price of s&m is
about $2.76/MBTU based on initial assumptions that five or six industrial
processes would fully utilize the production from 3 geothermal vells. This
campares to stéam generated by a package oil fired boiler costing
$7.46/MBTU. |
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 CHAPTER 3~ - . -
DIRECT HEAT APPLICATIONS AND MARKET IDENTIFICATION

Introduction

This chapter discusses the surveys made to find candiddte processes
for the industrial park, and then sumarizes those that were rot discarded
for cbvious shortcomings. -

Approach

A literature search identified existj.ng processes proposed or now
using direct geothermal heat. These are summarized in Table 3.1. Space
heating and cooling were excluded because these were considered to be a
service application rather than an industrial process.

A second table, Table 3:2, was prepared listing standard industrial
processes requiring large amounts of heat at taxxpératures 300° and below
and which could possibly be adapted to geothermal energy.

The initial list contained a wide range of applications varying fram
milk pasteurization to manganese nodule processing. Agricultural applica-
tions included poultry raising, animal husbandry, soil warming, soil steri-
lization amd crop drying. Industrial applications for pdlp processing,
Sulfur extraction, vegetable dehydration and lumber kiln operations had
been proven- sudcessful. Pquéculture- applications includéd raising of eels,
catfish and prawns. ' |

Study participants revieWﬁ thé processes cbtained from the literature
Search listéd in Tables 3.1 and 3.2. The processés were reviewed in light
of ehgineeriné, economlc and . finé.ncial factors which enabied a canprehehsive
evaluétion. 'Ihé candidate processes were either discarded due to cbvious
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foreseeable shortcamings or retained for further investigation. The cri-
teria employed were:
- Potential process must be heat intensive.
- Related to Hawaiian raw products or low cost imports.
- = Technically sound.
-  The temwperature requirements of the processes involved should be
within those anticipated from the geothermal resource.

3=2
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’ ’Aifalfa drying

APPLICATIONS NATURE OR
STATUS
Agribusiness Proposed study
Agribusiness Engineerln? & Econo-
lysis

mic Ana

 Agricultural Chem- " Economic Study

ical Plant &  Engineering

Alc’ohoi Production = -
analysis

{corn,wheat
sugar beet
..~ ‘Alcohol Production experiment

: ‘»“-existing

Alfalfa drying study cqmpleted

Alumimm Reduction . " study”

Aquaculture existing

+

-, completed 8/79

DESCRIPTION

triple pass dryer, The study shows
a savings of $100,000 annually
for a 30,000 ton/yr facility.

$150,000 funded by DOE to Battelle
NW for 15 mo. study which began 7/78.

Freshwater prawns,crayfish & mosqui-
to fish are bred. :

Table 3.1

Summary of l.iteroature Search for Geothermal Direct Heat Processes

RESOURCE
CHARACTERISTICS
A pi'bpcsed S-year program fnvolving Geysers area
greenhouses, fish farming, & blogas.
Analysis of geothermal potential 60°F +
for aim dehydration, alfalfa
drying‘&greenho‘us_es.v -
A study to determine the feasibility Heber KGRA
of utilizing geothermal heat for
{ndustrial processing at an
agricultural chemical plant.
- Determine’ i‘hcreﬁenfnl cost for con- req: 350°F
‘verting a 2h2.00!‘) gpd plant over to (cornzg;‘,’:heat)
eothermal energy.
using} 9 P ket {sugar beets)
TT.DOE's Idaho Nat'l Eng. Lab s 240°F
experimenting with ethano) Raft River
" production utilizing used KERA '
beet sugar syrup and ligno-
cellulosic material as
feedstock & geothermal energy
for fermenting & distillation.
Geothermal heat is utilized for 1160 m deep
drying alfalfa (80% water) and 270°C
fomg! into pellets,
Utflizes 200°F air temp. for a 220°F

“Not speci-
“ fled

57°C
200-250 9al/
- min

LOCATION
Lake County,CA

Klamath &
Snake River Basin,
Oregon

. El Centre .Caiif;

Broad Lands
N

Klamath
Oregon

Klamath
Falls,Ore.

10

p.308

REF FEASIBILITY
EVALUATION
.{93 The concept of combined
p. thermodynamics & hiologic
cycles should apply.
8 Crops similar to onions &
P17 alfalfa are not available

in the Puna District;
greenhouses for growing
gvegetables appears attractive.
p.9? fio similar chemical
fertilizer plant 1s .
located nearby.

Using a similar alcohol gedthermal
"~ process,a centralized molasses feed-
stock ethanol plant should be
economically attractive for the
industrial park. ) Lo

4,5 Laboratory results are '
relevant to planning for
the Pahoa industrial park.

2
p.241

-

12" A similar drying process can be
applied to convert sugar cane trash
to cattle feed.

8 A simflar dv"ying‘ process &an be
p.23. . applied to convert sugar cane trash
to cattle feed. .- . .

1 '+ Although the processing of

bauxite ore to alumina may not

be realistic for Puna, an alumi-

num industry on the Big Island {s
considered attractive for future economic
development. T -

Aquaculture 1s a growing ﬁawSH industry
and should be a prime candidate for direct
heat applications.




Lot

APPLICATIONS
Aquaculture

Beet Sugar
Processing

Beet Sugar

‘Refining

Cane Sugar
Refining

Crop 'dryiné

Desalination

NATURE OR
 STATUS

environmental report
submitted

drilling 10/79

analysis

study

economic
analysis

engineering .
study

DESCRIPTION

Utilize geothermal water to
raise Malaysian prawns year-rd.
on 246 acres of desert land.

3 phase program to use geo-
thermal energy in a beet sugar
processing glnnt presently
using fossil fuel.

Utilizing geothermal brine
for refining beet sugar is
expected to reduce energy .
cost by 40-60%

Study project to determine
the feasibility of utilizing
geothermal energy at the
Puna Sugar Mil1.

" Determine the feasibility of

retrofitting current crop-
dehydration plants or
constructing new ones.

Engineering analysis for geo-
thermal plants at varfous
possible locations in New
Mexico,

RESOURCE
CHARACTERISTICS

84-87°F
300 gpm/well

3 wells, 100'deep

350°F
8000' deep

3020F

Puna Reservoir

90-150°C

New Mexico
KGRA's

Table 3.1 Page 2

LOCATION

Mecca,

Brawley,
- CA

San Luis
Valley,
Colorado

Keeau,HI

not
specified

few
Mexico

p.5

REF

P Sl

FEASIBILITY
EVALUAT ION

Aquaculture is a growing
Hawaii industry & should be a
prime candidate for direct heat
applications.

Although there are no sugar
beets grown in Hawaii,the cane

. sugar: industry 1s well establi-

shed with fully amortized sugar
processing mills.

Although there are no sugar
beets grown in Hawaii,the cane

K sugar industry s well establi-

shed with ful) amortized sugar
processing milis.

Although there are no sugar
beets grown in Hawaii,the cane
sugar industry 15 well establi-:
shed with ful%ramortized sugar
processing mills.

There are no existing crop

dehydrating plants available
for retrofitting. A similar
retrofit for the Puna Sugar

~Mi1 s discussed in Ref. 9

"Althoukgh water s no problem

at Pahoa, the process should be

- applicable to the hydrothermal
fluid produced.
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APPLICATIONS
Ethanol Produc-

tion

Ethanol Produc-
tion

Evaporation &
crystallization

Fish Breediné

Fish Farming

Grain Drying

NATURE OR
STATUS

conceptual
study
aﬁalysis

exi stbing

existing

existing

DOE funded :
demonstration

project

DESCRIPTION

Conceptual .design of a facility
to produce ethano) using 3 '
local crops; wheat, sugar beets

~and potatoes as feedstock.

Outlines some geothermal sys-
tems with resource characteris-
tic potentially suftable for
ethanol production.

Processing: tomato paste, pre-
served frults & vegetables,
beet sugar refining & sodium
chloride production .- .-

. Carp 8 eels are bred at this

farm. The eels are bred in
earthenware pipes:24 cm dia.
6 m long. Water temp, is -
mafntained at 23°C by mixing
hot spring water with river
water.

Utilizes existing Mad{ son
Limestone well for grain

drying.

Table 3.1 Page 3

RESOURCE LOCATION
CHARACTERISTICS
Raft River KGRA Idaho
in excess of not site
100°C specific
300°F -
Skikabe,

Hokkatdo

195 1b/sec
47°C Calif.

one well @ 4100'
180

v S. Dakota
152°F

Paso Rdides‘,"

Mid Centra)

REF

12

Geo~ -
thermal
Hotline

12/74

3
p.15

p.308 -

FEASIBILITY
EVALUATION

Although feedstocks of wheat,
sugar beets & potatoes are
not available,a centralized
molasses plant may be feasible
if timing of geothermal de-
velopment fits.

Study results will be useful.

Although the process appears
attractive for future con-
sideration,application in a
newly established park at
Pahoa should not be con-
sidered. G e
Fish breeding of appropriate
species will be required in
an aquaculture application.
However, the raising of eels
in Hawait is prohibited. . ..

Expérféncé- should apply. =

Concépi ‘applies althdugh
there are no grain crops
produced in the Puna District.
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APPLICATIONS

Greenhouse

Greenhouse

Greenhouse

Greenhouse

NATURE OR
STATUS

demonstration

feasibility
study

existing

existing

DESCRIPTION

Uti19ze geothermal water to
heat a 250,000 sq.ft. green-
house producing cut roses.

An engineering, economic
analysis and Fed. tax fmpact
on a proposed geothermal
greenhouse.

Three wells are used to space
"heat greenhouses & Balneology.

Growing tomatoes in a 1390m2
greenhouse at Hobo Wells

hydroponic.

Table 3.1

Page 4

RESOURCE

" CHARACTERISTICS

4000 well s to
be drilled 9/79

assumed 150°F

@ 2000 ft.

34 1b/sec
52.6°C

LOCATION

Sandy, Utah

San Luts -
Valley, CO

Manley Hot
Sgrings.
Alaska

Susanville, -

Calif,

REF

3
p.63

2
p.253

Ferkes
Leonard

‘Dinkel
1975

The
Geyser
5-20-75

FEASIBILITY
EVALUATION

" Greenhouse applications for

vegetables & flowers appears
att:active for the industrial
park.

Similar use of Federal tax
credits & tax deductions for
geothermal direct heat appli-
cations in the Pahoa industrid

‘wil) be included for processes
'selected, :

Although: the Manley Hot Sp-
rings climate 1s considerably
different from Pahoa the
overall concept will apply.

Application will relate to a
similar process for Pahoa.
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APPLICATIONS

lnduﬁtrial Park

Industrial Processes

Integrated Swine
Raising

Livestock

Lumber Kiln
Drying

NATURE OR
STATUS

conceﬁtuil plan

market analysis

DOE contract, -

negotiating
st_age

engineering &
economic analysis

pilot project

DESCRIPTION RESOURCE

The plan proposes to develop
an integrated geothermal energy
park with various processes
including sugar refining. :
refrigeration, salt p

milk & fruit dehydration.etc.

This ana'lysis shons the natioml
market trends for 4 industrial
products identified

as major candidates for dlrect
applications in Ca]if. & HI.
They are: - -

1. Food & Kindred Products

- 2. Lumber & Wood Products

3. Paper & Allied Products

' 4. Chemicals & Allled Products

A 1,200 sow swine raising 240°
complex utilfzing geothermal
energy will be designed,

developed & constructed.. . .

St to determine the feas- 1000 ¢
tbility of direct applications 350°F
of. geothermal resource to.a

vertically 1ntegrated live-

stock eonplex . . :

The kiln has a 40m3 capaci mx
with monthly output of 24 .
of dried lumber, Required E-208
temp. of 50-60°C uith steam

flow at 0.5 tons/hr. @ 266°F

Table 3.1 Page §

CHARACTERISTICS

140-150°C

undefined

1600-3500' well

Exg‘loration .

3.5 tons/hr

LOCATION

Island of
San Higuel
Portugal

CAs M1

Kelley
Hot Springs

Mountain
ldalu':

Tatwan

REF

Meidav
p.441

2
p.357

Y
p.31

2
p.373

10

 FEASIBILITY
~ EVALUATION

.The concept of a similar
‘integrated geothermal park
.applies to the objectives

- of this study.

The market analysis will
provide source material for
‘the Pahoa study.

A similar integratestwine
industry appears attractive
for the Hawaiian market,

A similar integrated swine
industry appears attractive
for the Hawaiian market.

The koa lumber industry
centered in Hilo could
benefit from a similar
operation in the Pahoa park.
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APPLICATIONS

Milk Pasteri-
zation .

Mushroom
farming

Potato .
Processing

Poultry Prod-
uction

Pulp & Paper
Hin

Pulp & Paper
NN

NATURE OR
STATUS

existing

feasibility study

economic A

feasibility study

existing

evaluation

existing

DESCRIPTION RESOURCE
CHARACTERISTICS
Geotherma) flutd has been 177-208°F

used to pasteurize milk

for 30 yrs at Medo Bel
Creamery, Milk is processed
at 600 gal/hr or 500,000 1bs/
mo. Corrosion has been
minfmum & doesn't affect
stainless steel heat exchang-
ers,

Determine the feasibility of

- constructing the first
- geothermal mushroom farm.

" Demonstrate the viability

of using low grade geotheymal
resource for food processing.

Floor-heating 1s utilized in
sheds to_rafse chickens. 4 sheds
at 132 m3 and 2000 chickens/
shed. Mater circulates at

100°C in pipes under shed

floor. annual production-40,000

A computer program has been
developed to evaluate process
heat applications utilizing
geathermal energy.

Tasman Pulp & Paper Mill
using 148 K 1b/hr steam at
1000 Btu/1b for log handling
equipment, etc.

Table 3.1 Page 6

30 gallons/min.

170-210°F

250°F

100 1b/min

165°C
200,000 kg/hr

LOCATION

Klamath
Falls,Oreq.

Rexburg

Tzu
Peninsula

Not
site
specific

Kaweran
NZ

REF

10

p.629

p.39

10

2
p.527

FEASIBILITY
EVALUATION

There 1s no large dafry operation
in the Puna District that would
benefit from this process.

Mushroom growing in greenhouses
may have an application.

Potatoes are not grown in the
Puna District.

Although attractive, the high
cost of feed combined with the
Tow cost of poultry products
supplied from the mainland
precludes consideration.

Because eucalyptus chips are
now being shipped from the Big
Island of Hawaif to Japan for
paper production, a pulp & paper
mill for the Pahoa park should
be considered.

Because eucalyptus chips are
now being shipped from the Big
Island of Hawai{ to Japan for
paper production, a pulp & paper
mill for the Pahoa park should
be considered.




APPLICATIONS

Salt Production

Soi) Sterili-
zation

(%1}
o Sulfur extrac-
tion & processing

Vegetable dehydr-

- NATURE OR
STATUS

attempted &
abandoned

existing

existing

existd ng

DESCRIPTION -

Evaporation of salt water
in open tanks to produce
salt crystals, Enterprise
was abandoned because im-
ported salt was cheaper,

Utitizing geothermal re- -
source for heating the

5011 to eliminate insects,

fungus & other damaging
growth,

Geothermal steam is used
to extract sulfur for use
in fertilizer production,

Gilroy Foods Inc {CA) ships

carrots, celery, peppers,onfons

& garlic to a geothermal food
processor at Brady H.S. for
drying. . -~ .

Table 3.1

- RESOURCE
. CHARACTERISTICS

LOCATION

Skikabe,
Hokkafdo
Japan

Rotorua-
Tampo NI

150°C Lake
Rotokaua NZ

143-165°C
76,600~
366,000 kg/hr

Brady H.S.
Nevada

Page 7

10

10

10

2
Rodzianko
p.591
Silverman

8
p.105

FEASIBILITY
EVALUATION

Salt water s not available
at Pahoa.

A similar process for the Puna
District may have future
applications.

A similar process for the Puna
District may have future
applications.

The quantity of vegetables
required for such an operation
will not be produced on the
Big Island in.the foreseeable
future.. . S




APPLICATIONS

VYegetable Process-
ing

ot-¢

NATURE OR
STATUS

Study
completed,
construction

underway

DESCRIPTION RESOURCE

CHARACTERISTICS
ORE-IDA plant retrofit: DOE 800 gpm
funded. Geo. heat to be 320°F

used for processing
onfons, corn 8 potatoes.
Process steam @ 250 psig.

Table 3.1 Page 8

LOCATION

Ontarfo
Oregon

REF

FEASIBILITY
EVALUATION

Similar crops are not
produced in quantity in
the Puna District.




Reference List

DiRECI‘ USES oP GEOTHERMAL ENERGY

1. "Business Pr:ofiles" Geothemal Energy 6 5 November 1578. o

2. Geothermal Resouroes Councl.l. Expandmg the Geothermal Frontier,
Transactions, Volume 3. (Geothermal Resources Council Annual Meeting,
24-27 September 1979; Reno, Nevada.), 1979.

3. U.S. Department of Energy. Direct Heat Application Program Summary,
. 1979. .

4. "Geothermal Energy Used to Distill Alcohol. . DOE News. (For immediate

release, September 19, 1979.)

5. "“INEL Geothermally Assisted B:.cmass—to—Liquld Fuel Research.® ~
(Uhpubl:.shed fact sheet.) .

6. Inventory and Case Studies of l:ou:.siana, Non—=Electric Industr:.al
- Applications of Geopressured Geothermal Resources. (Prepared for U.S.
- Department of Energy, Division of Geothermal Energy, by de Laureal
- Engineers, Inc., Division of Kidde Consultants, Inc.) February 1978.

7.“;;‘- Geothemal Resources Council., Geothermal Energy: A Novelty Becames
. Resource. Transactions, Volume 2, Section 1. (Geothermal Resources
Comc:.l Annual Meetmg 25-27 July 1978, erlo, Bawaii.) 1978.

8. Direct Ut:.llzatlon of Geothermal Energy: A Symposium. January 31 -
- February 2, 1978; San Diego, California, CONF-780133. (Prepared by
the Geothermal Resources Oouncil for the U.S. Department of Ehergy )
Apr:.l 1978.

9. Hunme, John T. et al.m%_meermg and Economic Analysis. for the
gt:.lxzat:.on of Geothe Fluids in a Cane Sugar Processing Plant. -
Final Report. (Prepared for U.S. Department of Energy, Division of
Geotbemal Energy ) Honolulu, July 1979,

10, Geo-Heat Utllization Oenter, Quarterly Bulletm, Or:egon Inst:.tute of
'IVachmlogy

11. Geothermal Resource Gouncil. - DOE, Spec:.al Report No. 9, "Cam\erclal
Users of Geot.hermal Heat®, '

12, Geothennal World m.rectory 1979/1980 Bd:.tion.

3-11




Application ‘ Process Heat Used

Temperature for AEplﬁcation
Requirement | 1012 BTU/Yr : Feasibili
B ‘ 12 v ‘ eas ty

Industry-SIC Group °F (°c) (10'4 KJ3/Yr) : Evaluation

Group 20 - Food & Kindred Products '

Meat Packing - 2011 : . ' . These processes may be
Sausages and Prepared : : _ , applicable in the future
Meats - 2013 ‘ - ~ 1f either (1)a large scale

Scalding, Carcass Wash and ) - swine production is con-

Cleanup 140 60 43.7 46.1 sidered for the industrial

Edible Rendering 200 93 0.52 0.55 qark and/or (2)the beef feed

Smoking/Cooking 155 68 1.16 1.22 - ‘lots & slaughterhouses are
w : relocated from Barbers Point
L. Poultry Dressing - 2016 ‘ : : on Oahu to the Big Island.
™ Scalding 140 - (60) 3.16 (3.33) o :

: Poultry production is not

economically competitive
- at this time.

Natural Cheese - 2022 ‘ v ; : =
Pasteurization 170 ' 77 - 1.28 1.35 The dairy operations in the
Starter Vat : 136 - (57 ’ ‘ 0.02 0.02 . ~Puna District are too small
Make Vat , : 105 4) 0.47 0.50 scale for geothermal direct
Finish Vat 100 38 - 0.02 0.02 . heat applications.

Whey Condensing 160-200 71-93) - 10.2 10.8) .
74) 4 : 0.07 0.07 ‘

Process Cheese Blending 165

1/ DIRECT UTILIZATION OF GEOTHERMAL ENERGY: A TECHNICAL
HANDBOOK, APPENDIX 1 OF GRC SPECIAL REPORT #7

Table 3.2 |
Possible Industrial Processes Adaptable To -
Geothermal By SIC Group 1/
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Application
Temperature
Requirement
Industry-SIC Group °F (°c)
Condensed and Evaporated .
Milk - 2023 ' SRR
Stabilization - 200-212 . 93 ]00)
Evaporation 160 n)
Sterilization 250 121)
Fluid Milk - 2026
Pasteurization 162-170 (72-77)
Canned Fruits & Vegeta- =
" bles - 2033 . SR :
Blanching/Peelinga 180-212 82-100)
Pasteurization . 200 93) -
. Brine Syrup Heating . 200 93
* Commercial Sterilization 212-250 100-121)
Sauce Concentration 212 100)
Dehydrated Fruits and DI DR
Vegetables - 2034 ‘ L o
Fruit & Vegetable Dnying 165-185 (74;85)
Potatoes = .
Peeling 212 100)
Precook 160 . n)
COOk 212 100)
Frozen- Fruits and
-Vegetables - 2037 e .
Citrus Juice Concentration 190 88}
Juice Pasteurization 200 ST 93
Blanching 180-212 82-100
Cooking 170-212 77-100
Table 3.2

Page 2

Process Heat Used
fo Application

BTU/Yr )
(lo Kd/Yr)

2.93 3 09)’
5.20 '5.48
0.54 0.57)
1.44 (1.52)
1.88 1.98
0.15 0.16
1.02 1.08
1.67 1.76
0.44 0.46
5.84 (6.16)
0.33 0.35
0.47 0.50
o 47 0.50
1.33 (1.40) -
0.27 0.28
2.26 2.38
]04] 1049

Feasibility
Evaluation

The dairy operations

in the Puna District are

too small scale for
geothermal dirvect heat

‘applications.’

The dairy operations in
the Puna District are

‘too small scale for
‘geothermal” direct heat .

applications

This process may be
attractive in the future;
not at this time.

Dehydration of papaya is
especially-attractive.
Freeze drying process -
appears attractive.

Shipping costs preclude
consideration of a

- frozen food industry.
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Application ' Process Heat Used

Temperature for Application !
o , R g iy
Industry-SIC Gro F _(c) ‘ 3
Prepared Feeds - 2048 !
Pellet Conditioning 180-190 (82-88) 2.28 (2.40) There may be a future 1
f : 1 ‘ application. !
Cane Sugar - 2062 : X
Mingler 125-165 52-74 0.59 0.62 Cane sugar processing can
Melter , ‘ 185-195 85-91 3.30 3.48 benefit from large
Defecation 160-185 71-85 0.44 0.46 quantities of low cost heat
Granulator 110-130 43-54 0.44 0.46)
Evaporator . 265 129) 26.39 (27.84
Distilled Liquor - 2085 : .
Cooking (Whiskey) 212 100 © 3.16 3.33 Applications in the
Cooking (Spirits) 320 160 6.27 6.61 future may apply to al-
- Evaporation 250-290 121-143) 2.32 2.45 cohol production as etha-
Dryer 300 149) 1.94 2.05 nol for gaschol.
Distillation 230-250 (110-121) 7.69 8.11) ’ .
Soft Drinks - 2086 | A | ‘
Bulk Container Washing 170 77 0.21 0.22 Insufficient volume of
. Returnable Bottle Washing 170 77 1.27 1.34 soft drink consumption
~ Nonreturnable Bottle Warming - 75-85 24-29) 0.43 (0.45 in the area surrounding
Can Warming 75-85 (24-29) 0.52 0.55) Pahoa.

('\ Table 3.2 Page 3 (?‘




Application -
, i .- .- Temperature ,
I I T Requirement .
Industry-SIC Growp  ~  °F___ {°¢)
Finishing Plants, Synthetic- '
2262 B ‘ g
Washing .. .~ . .- 200 93)
Dyeing ‘ a2 100)
Drying & Heat Setting 275 135
Grbun 24 -‘Lumber;
Sawmills & Planning Mills -
2421 | .
Ki]n Drying of Lumber 200 (100)
?: P]ywood - 2435
o Plywood Drying 250 (121)
Veneer - 2436 R Y
Veneer Drying 4 14 (100)
Group 25 - Furniture
Wooden Furniture - 2511 - N
Makeup Air & Ventilation 70 (21)
Kiln Dryer & Drying Oven 150 i \ (66)
Upholstered Furniture - 2512
Makeup Aif & Ventilation 70 (21)
Kiln Dryer & Drying Oven 150 (66)
Table 3.2

Page 4

Process Heat Used
fo App1icat10n
BTU/Yr

(10 KJIYr)
35.9 (37.9)
15.2 N
23.2 (24.5) .
63.4  (66.9)
50.6 (53.4)
57.8 (61.0)
5.7 (6.0)
3.8 (4.0)
1.4 (1.5)
0.9 (0.9)

Feasibility
Evaluation

Inappropriate at this time;

no basic raw materials and
no markets identifiable.

Koa Tumber processing in
and near Hilo, Hawaii, may
benefit from these appli-
cations.

There is no local plywood
production T

Veneer is not processed in
Hawaii. . ,

Koa furniture manufacture
may have considerable
potential; upholstered .
furniture would be a
"follow on" expansion.
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Application
Temperature
Requirement .
Industry-SIC Group °F (°C)
Group 26 - Paper
Pulp Mills - 2611
Paper Mills - 2621
Paperboard Mills - 2631
Building Paper - 2661
Pulp Refining 160 66)
‘Black Liquor Treatment 280 138
Pulp & Paper Drying 290 143
Group 28 - Chemical
Cyclic Intermediates - 2865
Styrene 250-300 121-149)
Phenol 250 121)
Alumina - 28195
Digesting, Drying,
Heating 280 (138)
- Plastic Materials
& Resins - 2821
Polystyrene, suspension process
Polymerizer Preheat 200-215 93-102)
Heating Wash Water 190-200 88-93)
Synthetic Rubber - 2822
Co]d SBP Latex Crumb
~Bulk Storage 80-100 27-38)
,‘Emulslfication 80-100 27-38
Blowdown Vessels ~ 130-145 54-63
Monomer Recovery by 5
Flashing & Stripping . 120-140 (49-60)
Table 3.2

Page 5

Process Heat Used
fo Application

4,095

ET

(10 Kd/¥r)
175 185
164 (1713
383 404
35.0 237.0
0.45 10.47
113.2 (119.4)
0.102 0.107
0.067 0.068
0.179 0.189
0.086 0.091

- 0.865 0.912

(4.319)

" "high quality paper.

Feasibility
~ Evaluation

Eucalyptus wood chips are
now being shipped to Japan
from the Big Island of
Hawaii for processing into
Long
term contracts exist with
Japanese firms for most of
the available eucalyptus
chip production.

Chemical production using
geothermal brine & waste

~ or by products of other

industries located in the

_ park may be feasible.
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~

-~ Application
| - Temperature
. - - Requirement o
Industry-SIC Group _°F ___ (°c)
Dryer Air Temperature 150-200 (66-93)
. Cold SBR, 0il-Carbon Black -
Masterbatch . i i
Dryer Air Temperature - 150-200 - 66-93)
0i1 Emulsion Holding Tank  '80-100 . 27-38)
Cold SBR, 0il Masterbatch . o :
Dryer Air. Temperature - 150-200 (66-93)
011 Emulsion Holding Tank ~ 80-100 ~  (27-38

Group 31 - Leather s ‘

" Leather Tanning & Finishing

-3 L .

Bating : 90 - (32)

- Chrome Tanning , 85-130 29-54):
Retan, Dyeing. Fat Liquor 120-140 49-60)
Wash 20 (49
Drying 110 (43
Finish Drying 110 ; 43

Group 32 - Stone, Clay, Glass & Concrete Products

Hydraulic Cement - 3241 T , ;
Drying ' 275-300 (135-149)\v

Concrete BIock - 3271 PR ~
Low-Pressure.Curing ‘165~ (74)

Ready-Mix Concrete - 3273 ' : ’
Hot Water for Mixing Concrete 120-190 (49-88)

Gypsum - 3275
Wallboard Drying 300 (149)

Table 3.2

" Process Heat Used
fo App]ication

BTU/Yr )
(10 KJ/Yr)
3.663 (3.864)
0.506 - §0.534
0.090 0.095
1.00 (1.15)
0.000 - (0.095)
. 0.094 0.099
0.060 0.063
0.15 0.16)
0.034 0.036)
2.05 2.16).
0.13° (0.14
8.0 - (8. o) |
1229 (12 96)
0.34 (0.36)
11.18 (11.79)

Page 6

Feasibility
Evaluation

~Chemical production using
~geothermal brine & waste
or by products of other

“industries located in the

park may be-feasible.

An existing tannery
operation in the Hilo area
has experienced difficulty
penetrating the Hawaiian
market. :

;Insuff1c1ent market volume.
Hot water mix not consid-

ered necessary because of

mild climate.

Cement wal]board process
has potential.




The following processes from the lists were identified as having ro -~
obvious shortcomings and so passed the initial screenmg
 - Aluminum Prooess:.ng | ‘ - f‘reeze'dryirg ;
 -_ Aquaculture . | - Gréenrnuses
e Cattle Feed Mill ' - Lumber Seasoning
- Cement Wallboard - Manganese ‘Nodule Processing
-  Chemical Production ' - Papaya Processing
- Confined Swine - - Proteinnecaveqplant
- Desalting Water - Pulp and Paper Production ‘
-  Ethanol Production - - Research laboratory
| - Sugar kefining
These 17 processes were further researched and presented to the team.
Team members were requested to examine and rank order these potential
applications using the following selection criteria:
1. Has the process been adequately proven?
2. -Does a market exist? ‘
3. Is the process heat intensive?
4. Are transportation costs a serious oconcern?
5. Are there known serious barriers?
6. Are raw materials available locally or can they be provided
‘canpetitively?
7. 1Is there a local or an off-island firm that would invest in
the process?
8. Are there other local supplierg of a fmlshed product?
9. Does the product make sense for Hawaii in ﬁzé Puna district?
Highlights of the ,bachgmmd'infoma’tion}that were considered in the
final recommendation are presented in the following pages. \_,
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ALUMINUM PROCESSING

kBackground and Considerations' -

First stage of alummum productlon is the Bayer operatlon in wh:.ch

bauxlte ore is p:ocessed to alumma.- Bayer econamics generally

dl.ctate a nodular plant rated apac:l.ty of 800 000 to l 000,000
annualshorttons (AST) dependingmthegradearﬁtypeofbauxlte
feed,

The second stage of aluminum production is the smelting operation

vhere alumina is reduced to molten aluminum metal in "potrooms®,
and -processed to primary aluminum shapes including pigs, ingots
and blllets. This }vsneltmg proces.:__does not require process

. steam.

Largest existing Bayer: piar/xt,‘in Australia, has about 2.5 million

-~ AST capacity. - Such a plant would demand primary process steam

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

ton alumina produced.

Additional energy requirements:

- 3 million Btu per short ton alumina for the calcining kilns;

- 250 kw per short ton alumina for electric drives and support
facilities.

1.9 short tons alumina produces 1.0 short tons molten aluminum

metal. | |

It is feasible to assume that épproximately half of the Bayer plant
output of an estimated 400 - 500 thousand AST aluminum metal pro-
~ duction would be processed nearby into aluminum pi:'oducts, and the

other 50% shipped bverseas from Hawaii for processing.
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- Bayer plants are cperated continuously with an average annual load \;/
factor of about 95%. v

-‘ ‘Although Australian gwemment polxcy restricts the export of

J bauxite ore, it is cons1dered possible to cbtain an adequate

supply for g':oducuon in Hawaii.

- Addltlonalso:.xrcesofbauxlteoremﬁxepaclﬁcareaareme
Solamon Islands and Indonesia. There is also a small amount of
iowéfadebauxiteoremtheﬂawaiianlslandofi(auai.

REFERENCE LIST
-Aluminum Processing

Private correspondence with Mr. E. F. Boobyer, Manager, Energy
Technology, Kaiser Aluminum & Chemical Corporation.
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AQUACULTURE DEVELOPMENT

Background and Consideratioms

production could ificlude prawns and/or tilapia.

A growth rate increase of 5 - 73 per degree centigrade of tem-

perature increase can be expected with the use of low grade

geothermal heat. N * '

Dr. Linden Burzell of Lowe, Inc., an aquaculture development firm,

suggested the following criteria for development cost:

- Cost for the development should not exceed $17,000 per acre
of a 100 acre scale. : R

= Earth work costs should mot exceed $5,000 - $8,000 per acre.

Soil conditions at the industrial park site are not well-suited to

“aguaculture as so0il is too shallow ‘to allow ccmplete excavation of
~ ponds and soil and bedrock are highly penneable. |
“Local market potential is favorable with Hawaii's high seafood

consumption (approached 30 million pounds in 1979).

‘Export market potentialf appears favorable with Bawaii's strategic '

location between U.S. mainland and the Far E:ast.

,,,.Industrygrowthtodate hasbeenslowdue to.lack of experimental
'facuitxes to approximate ccmnercial conditions and

aquaculturist's mab:.lity to qualify for financial ass:.stance

L. T - 3.,“'
Acquaculture Development . .

Department of Planning & Economic Development. Agquaculture Develcpment
in Hawaii. 1978. ‘ :

Astral, Terry. Private Cbri:espondence. Tilapia Research on Kauai,
Hawaii. August, 1980. ‘
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CATTLE FEED MILL

Background and Considerations

The two enstmg feed mills in the State are Carnation Company and
Waldron Limited; both are located cn Oshu. Almost all ingredients
are imported.

Little heat is tsedby either of the feedmills, as most ingre-
dients are in final use form when imported.

-Approximately 15 to 18% of the feed sales in the State are to the

island of Hawaii.

Sugar cane trash from the Puna Sugar Mill could be the main ingre-
dient for this cattle feed roughage canporient.

Large amounts of heat would be required to dry the cane trash

- which has moisture content of about 70%.

There is a market for a roughage component of cattle feed in the
Barbers Point feedlots on Oshu and in Japan.

~ For the Japan market, roughage feed is selling at approximately

$160.00 per ton FOB Yokohama.

REFERENCE LIST
Cattle Feed Mill

"Use of Geothermal Heat for Crop Drymg and Related Agricultural
Applications.” Final Report. Futures Group. March 1978.
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CEMENT WALLBOARD PRODUCTION

Background and Considerations

c- -

There are mo existing manufacturers of cement wallboard in the
Uhited States, though the product Lsm.dely manufactured in

* Europe. - Canec, an insulating structural fiber board was manufac-

tured in a plant in Hilo from 1932 - 1963. The canec plant closed
because of the high costs of labor and shipping.

' Marketing potential of cement wallboard depends on the Big

" Island's construction demands. Construction growth on the Big

Island appears marginal at this time.

" - fhe cement camponent would have to be shipped from Honolulu to Pahoa.
" Heating requirements are 3.6 million BIUs per hour for a 50 cubic
s meter plant operating- at temperatures between 130 - 150°F.
. A 3/4“ cement wallboard ;anel can be produced for approxmately
- $.67/sq. ft. o
A 3/4% exteridr""gr‘ade plywood sheet retails for $37.50_ per 4' x 8°
© sheet’ in Honolulu ($1.17/sq. £t.). R

Cement Wellboard Production

: Hubner, Jochen E. ,.P:foject Feasibility‘ Feport for Century Board, Hawaii.

June, 1979,

Smales, Fred. Pres:.dent of Cypress Oement Canpany Bisonboard Process.

January, 1980. e
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CHEMICAL PRODUCTION PROCESS

Background and Considerations

- Major restraints relate to the availability of resources and the
process dangers involved.

- Because of proximity to the geothermal rift zone, a chemical pro-

- duction plant should be limited to producing chemicals which both
ére rontoxic and non-explosive.

-  Resources cons:.dered include direct use of geothermal brine,
pumping sea water to the industrial park site, and using by-
products from manganese nodule processing.

= In Iceland, salts are recovered fram the geothermal brine which
has heavy concentrations of dissolved salts apparently produced
from intrusion of sea water in the brine. At Pahoa, the geother-
mal brine, based on the contents of brine fram the HGP-A well,
contains only approximately 5% sea water. Therefore, extraction
of salts from this brine does not appear to be feasible.

- Pumping sea water to the industrial park 4 miles from the ocean
would be very expensi.ve. A manganese nodule plant has not yet been
develdped in Hawaii, the possibility of using waste materials from
a plant is questionable.

REFERENCE LIST
Chemical Production Process

Meadows, KRatherine F. Geothermal World Directory - Geothermal World
- Corporation. 1979/1980. - L S ‘ -
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CONFINED SWINE PRODUCTICN

Background and Considerations

- 70%ofﬂzeporkconsm in Hawaii is imported.

-  The major deterent to locally producing pork is the high cost of
feed, vhich consists of 70% of the production costs.

‘= Pork can be landed in Bawaii at an estimated cost of 57¢ a 1b, of
live weight, compared to a currently estimated production cost of
68¢ a 1b. in Bawaii. |

‘= Locally produced ‘feed has ot been competitive to date.

-  The a:npletion of a geothemally heated confined swine facility

- at Relley Hot Springs in California may provide additional
_ planning information of benefit to a Hawaiian facility. -

-  Penetrating the pork market in Hawaii would be difficult due to
higher feed costs and lower price for pork fram the mainland.

- Because of thewarml-lawalian cl:unate there is limlted need for
addiuonal heat which may not SLgniflcantly mcrease the production
levels.

" REFERENCE LIST
Confined Swine Production

'Hawaiian Agriculture Reporting Service, Statistics of Hawaiian
Agriculture, June 1979. ,

Hawaiian Hog Producers, Feed Cost Figures, November 1979.

Pond, W. G. ‘and Maner, J. H.; Swine Production in Temperate and
Tropical Enviromnments, ILtd., 1974, W. H. Freeman and Catpany

Engergetics Marketing and Management Associates, Ltd., Mountain Home
Geothermal Project, San Francisco, California, February 1979.
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DESALTING WATER

Background and Considerations

- Research has been conducted in California's Impenal Valley
‘ demcnsttating the use of geothermal fluids for desalting.
Experiments running from 1972 through 1976 involved the
, installation, operation and modification of different desalting
test units. S '
- There is axrently mo vater shortage near Pahoa.
- The only water shortage that exists on the Island of Hawaii is on
. the West (oast. Bowever, p:mpmg the water to the West Coast of
‘the Island may not be econamically feasible.

REFERENCE LIST
Desalting Water

' Co, A., D. B. Giy, and S. v. Cabibbo, "A Geothermal Desalination and
Power Co-Generation Plant®, Geothermal Council Transactions Vol. 3,
1979.
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ETHANOL PLANT

- Process requires 54,000 - 140,000 BTU per gallon of ethanol

produced. »
-  Previous laboratory experiment demnstrated the use of geother-

mally heated water at ' 240°F for fermentation and dlstlllatlon to
produce 95% ethanol from sugar beet syrup. :
=  Could serve possmle mainstay (major incame producing) industry
for industrial park. o |
- No competing oamxerclal-scaled fuel or alcohol plant exists yet in
the state.
-  The production of ethanol is consistent with national and state
goals of achieving energy independence.
-  Ethanol process based cn Pilot Plant which would use cellulose
feedstock such as wood residue and bagasse, was recammended.

Ethanol Plant

ASladek,'"'n'miasA:. "Ethanol Motor Fuel and ‘Gasohol' * Mineral
' Industries Bulletin 21:3. May, 1978.

Kujala, Pauli. "Dist:.llery Fuel Savmgs by Efficient Molasses Processing
- and Stillage Utilization." . Sugar y Azucar 74:10. October, 1979.

"Geothermal Energy Used to Distill Alcéhol." DOE News. (For immediate
release; September 19, 1979.) .

Garing, Kenneth L. and Glenﬁ E. Coury. "Adaption of Geothermal Energy
to Produce Alcohol from Agriculture Commodities.® Expanding the
Geothermal Frontier. Transactions, Volume 3.
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FREEZE DRYING PROCESS

Background and Considerations

-  Freeze drying is widely applied in the food processing industry
” for coffee, meats and vegetables. It is a technically and econo-
mically proven process, which can use geothemal energy for both
heating and cooling.
- A variety of raw materials are avaj.lable in Hawaii which may be
freeze dried, including Kona coffee, papaya, guava, and meats.
- Although the source is limited, the nﬁrket for freeze dried Kona

coffee appears to be strong.

REFERENCE LIST
Freeze Drying Process

"Air-Drying, Freeze-Drying, and Osmovac Dehydration of Foods with Solar
Energy," J.H. Moy, U.H. Research, 1/77-6/81.

Moy, James H. and Heinz Speilmann, “"Economic Feasibility Studies: 1.
Vacuum-Puff Freeze Drying of Fruite Juice Products; 2. Osmovac-
Dehydration of Piece Form Fruit Products,® University of Hawaii -
College of Tropical Agriculture, Hawaii Agriculture Experiment
Station, February 1977.
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GREENHOUSES

Background and Considerations |

" Greenhouses for production of tomatoes and cucumbers, using
geothermal heat have been successfully demonstrated at Susanville,
California.

- Bawaii Koi Corporation, the major grower on the Island of Hawaii
is located at a 3,000-ft. elevation. It is commonly believed that

* the optimum temperatures at the higher elevations enhance the
quality of the product. “ :

- The Koi Corporation is currently not interested in relocating to
the P‘ahoa‘ industrial park site, 'which is at a lower elevation.
Presently ro requirement for heating exists. . -

-  Soil warming was investigated for anthurium production. However,

the warmer soil does mot improve production. '

- A future potential for mushrooms ana ms'es grom in greenhoUses
ex:.sts, but to date, mported products are. less expens;ve and of
hlgher quallty |

REFERENCE LIST
Greenhouses

Personal Communication with Alvin Oyadanari, (boperative Extension
Service Agent; Hilo, Bawaii; October 15 and November 7, 1979.

Climatological Data, Hawaii & Pacific. Asheville, N.C. - National Oceanic
& Atmospheric Admin., Envirormental Data Service, various dates.

~ Personal Communication with Richard Nakano, Cooperative Extension Service
2Agent; Waimea, Hawaii - November 19, 1979.

~ Direct Heat Application Program Summary. Presented at the Geothermal
. Resources Council 2Annual Meeting, September, 1979. U.S. :
Department of Energy, Division of Geothermal Energy.
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LUMBER SEASONING AND DRYING

Background and Considerations o o |

- Two saw mills are c&mrently'operating on the Island of Hawaii;
both mills air dry the lumber.

- Kiln drying would reduce the moisture content to roughly 7%.

- Temperature between 110° and 120 °F would be required for the
kiln. ,

= Although the main wood product is koa, other species including

chia and eucalyptus could be dried in the kiln.

- Critical unknown factors are the supply _of lumber. available on the ‘
Island of Hawaii and whether the: value added by drying is warranted.

.- REFERENCE LIST
Lumber Kiln

Mueller, Glenn. Personal Communication. Campbell-Burns Company
Hilo, Hawaii. Nowvember, 1979.

‘Shirota, Zkiva. Personal Cammmication. Blair, Ltd. Hilo, Hawaii
November, 1979. '

Reis, Harvey. FPersonal Coammunication. 2hualoa Sawmill. Ahualoa,
Hawaii - November, 1979.

3-30 o



W

MANGANESE NODULE PROCESSING

Backgmtmd and Cons:.deratlons

Hawan is located appmxnnately 700 mlles fran a belt of hygrade

hmanganese nodule deposn:s 1n the ocean. .

« Currently four Amerlcan led oonsort:.a are at var:.ous phases of

| »planning for exploratlon and recovery of the nodules. .

| Manganese nodules are chiefly mined for ext:ract:.on of the

oopper, nickel and cobalt content.

- 'Ihe reduct:.on/arm\om.a leach process is energy int.ens:.ve

requiring temperatures as high as 1157°F.

__Geothermal energy a.‘!.one would not canpletely n'e.et process heat

:'i 'requirements. Y

' 'Ihere would be substantlal dajectlon to the placement of the

| - ‘manganese processing plant m the Pahoa geothermal industr:.al

- mrk. . e - . . 5" PP - . B . K
:For manganese processmg plants to be eoononucally feasmle, a large

scale fac111ty is necessary, which may be too large ﬁor the park

u concept.

B Uncertamties am:omd the tme-table of naganese mdule development

’ and the q:timal process. i

“Manganese Nodule Processing =~ '

"Prel:l.mmary Research ‘on Geothemal Energy Industr:.al Complexes.”

Fmal Report IBS Ehgmeers.‘ March 1978.

Stephen-Hassard, chk Q. et al. ‘The Reasimllty and Potent:.al Impact

‘of Manganese Nodule Processing in Hawaii ‘= Department of Planning
& Economic Development, February, 1978.
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PAPAYA PROCESSING

—

Background and Considerations

Five local campanies pack and process an est:.mated 45 m:l.lhon
pounds of papaya per year. -

In the Puna District 3,000 acres are dedicated to pepaya
production; however, only 1,800 acres are harvested at any one
time. The remaining pepaya land lies fallow as crops are rotated
and the soil sterilized. The estimated annual production is
25,000 pounds per acre per year. -

60% of the papaya is prooessed as fresh fruit. The balance is
At&lepresenttme, therearethreelocalcx:npamesmlungpxee
Puna Papaya, Suisan Fruit Prooessmg and Hawai:.an E‘ru:.t Flavors.
Veryhttleheatxsreqmredtoprocesspmee Bowever, the pre-
sent process requlres refngeratlon because the p:oduct is frozen
formipnentatﬁmrketing Inthenearfuture, itisplannedto
convert the process to an aseptxc p:ocess which will el:.mmate the

| neoess:.ty for refngeratlon in storage and sh:.gnent of the puree

and require high temperatures.
A dehydration process is being developed which will require a tem-

perature of 250°F. The equipment is capable of producing 500

pounds of dried papaya per hour.

A small business firm, La Malo'o, at Pahoa is currently developing
an integrated system for the use of solar energy and bicmass
energy for the reclamat:.on of papayas not oons:.dered sultable for
marketmg This firm has developed oontacts ﬁor marketmg dried
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papaya in Europe, Japan, Hawaii and the U.S. mamIand
- In preparation of fresh fruit for shlpment, the fruit is soaked in

a hot water, chenucal solution for 20 mmutes at a teuperature of
120°F. “ - "

REFERENCE LIST

Papaya Processing

Brebbe, J.E. et al. Operaj:ir;g Manualr_ﬁorv Papaya Puree Processing.
DeBevec, John. Personal Consultation. I[odi, California - 1979/80.

- Limstone, David. - Personal Consultation. Ia Malo'o, Bawaiian Dried

~ Fruits & Herbs - 1979/80. ’

* Souza, Robert A. Papaya Productxon Market:l.ng and Inccxne Papaya
L Pdmm:tstrat:.ve Comittee - September, 1979.
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PROTEIN RECOVERY PLANT

Background and Con51derat1ons

Technology for a protein separation process has been developed by
the U.S. Department of Agriculture, Western Reglonal Research
Center (WRRC) in Albany, Callfornla.

New protein separation process, known as Pro-Xan, concentrates the
prote:.n and xanthophyll canponents of green leaf crops, leaving a
f1ber that can be used as forage presscake while retaining a

- substantial amount of protein.
The Pro-Xan process is being commercially produced in the United

States and at sevgral locations in Eurcope. The process was first
introduced in the mlted States in 1978, when Valley Dehydrating
Campany (VDC) of Sterling, Colorado, modified one of its existing
alfalfa dehydrating plants to the Pro-Xan process. This plant
is presently in its second season of commercial operation.

Leaf protein can be a valuable source of protein for human con-
sumption as well as for cattle and poultry feed.

Leaf protein will have to campete on an econamic basis with
soybean meal and other presently used protein sources.

The Pro~-Xan process is energy intensive requiring in excess of
8,000 pounds/hour of steam for a Pro~Xan plant designed to operate
on 40 tons/hour of chopped alfalfa. The alfalfa dehydration
plant at Sterling, Colorado, consumes 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 prov:.dmg the protein rich material for the process.
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- Annual yields of edible dry matter (from the leucaena) are 6 to 10
tons/acre. This is equivalent to the annual. production of 800 to
4,300 pounds/acre of protein. - '

REFERENCE LIST
‘Protein Recovery Plant

Kohler, George O. and Knuckles, Benny E., Ed:.ble Protem from Leaves,
-May 1977, Food Technology.

Milner, Max & Scrimshaw, Nevan S., Wang, Daniel I.C., Protein Resources
& Technologys Status and Research Needs Massachusetts Institute

Rohler, George et al. Leaf Protein in Relation to Forage Crop
Production & Ut:LlJ.zauon.

Edwards, R.H. et al., Catmercxal Scale Production of Alfalfa Leaf
Protein Goncentrate (Pro-Xan): A Progress Report," Paper pre-
- sented at the 1979 Winter Meeting, American Society of Pgnculture
Engmeers, New Q:leans, r.oulsz.ana, December 1979.
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PULP AND PAPER MILL

‘Background and Considerations

- The ooncept of using sugar cane bagasse as a fiber source for pualp
or paper mill located J.n ngaii has been extensively studied since
the 1900°'s.

- A pulp and paper mill process, to date, has not been determined to
be economically viable.

= Camec plant producing insulating structure fiberboard closed due
to high labor and shipping costs.

- Apulpmillisalargemergycohémer.

REFERENCE LIST
Pulp and Paper Mill

"First Draft of Feasibility Study Concerning the Possibility of
Establishing a Pulp and/or Paper Mill on the Island of Hawaii,"
Prepared for C. Brewer and Campany, Ltd, Mitsui and Company, Ltd,
and Jujo Paper Manufacturing Campany, Ltd, by Joseph E. Atchison
Consultants, Inc., New York, January 20, 1969. :
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SUGAR PROCESSING

Background and Cms:.deratlons .

Sugar process:.ng is an energy mtens:.ve mdustry and the use of

'geot.hennal energy in sugar proces...mg and refming has been
studied at several locatlons 1nc1udmg appllcatlons at the Puna

Sugar Mill. 'Ihe Puna Sugar study concluded that the pro;;ect

'would be only margmally econamic prlmanly because of the capital
needed for the geothermal steam transm:.ssmn system fran the wellhead.

The high cost of relocating a sugar factory at the Pahoa industrial
park may preclude further consideration by any sugar campany.

A proposal has been submitted to establish a major sugar refinery
in Pahoa. Advautages include pwer, 'water, camumnications, labor,
space and an assumption of geothermal energy in useable form. The
finished product would be shipped by conventional freight as
opposed to the special bulk ships now used.

The fact that Hawaii and the Pacific Basin already have a refinery
at Aiea on Oahu operated by CsH may serve as a major deterent.
At:'emendousamountcfnewcapitalmuldberequiredtomilda
refinery with the capacity for 800,000 plus tons of refined
product. The risks of geothermal vi:eservoir depletion and volcanic
disruptions and other such factors must also be consideted.

REFERENCE LIST

Sugar Pmcessinq |

"Use of Geothermal Heat for Sugar Refining," Fmal Report, 'IIW

. Systems and Energy, May 1977.

Puna Sugar Oo. Engineering & Economic Analysxs for the Utilization of

Geothermal Fluid in a Cane Sugar Processmg Plant. Final Report -
1979.
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RESEARCH LABORATORY

- A research laboratory could contmue to evaluate and test dlrect
appl:.catlons of geothennal energy. ' 7

- Fundmg to come fmm a variety of sources mcludmg govemment and
pr:.vate ¢ through gx:ants and/orr users fees.

- The laboratory is cons1dered to be a support test facility for
potentlal businesses.
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PROCESSES SELECTED FOR INITIAL ECONOMIC ANALYSIS

From the seventeen processes, nine were selected for further study in

the initial economic analysis., ‘The rationale in choos:mg these processes

are presented below.

gu_aéultufe

In harmony and consistent w1th the Hawail State Plan Lnssed by
the 1978 leglslature ’

" Im.tial stxﬁ:.es show mgnificant increase in growth rate of cer-

tain aquat:.c spec:l.es due to an increase in water temperature

'Ihe local demand ﬁor seafood and c.\ltured aquat:.c spec:.es is

very high.

The industry is energy intensive with low temperature requirements

. ~making it an ideal end user.

Cattle Feed Mill

The market potential. for feed components in both Hawaii and Japan
appears strong.
The adaption of the existing technology to geothermal applications

will require only minor modifications. -
- Converting bagasse ‘and cane leaf trash into feed camponents is
more cost efficient than using .‘it as a boiler fuel.
- Equipment .and plant layout plans are 'available"fmm existing
- facilities; L |

The process is heat intensive and may-require additional heat -
input for raising the temperature of the dryer.
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Cement Wallboard

- The demand for construction materials in Hawaii' is extremely high
with the market being very campetitive.

-  Initial estimates by Bison Werkes indicate a favorable return on
investment with the cement wallboard directly campeting with
exterior plywood as a building material. |

- The ‘manufacturing procéss is heat-intensive. |

-  fhe product has been used extensivély in both Switzerland and
Germany as a construction mater:.al |

- The prooess is proven and the nanufacturmg equ:.pment is readily
available.

- Ethanol Production

It was generally agreed that a successful industrial park should have
an industry which serves as the mainstay, that is, a major incame producer.
The mainstay industry should require large amounts of heat, involve a proven
technical process and be relatively low risk. Other industries in the park
may then be more risky without endangering the viability of the industrial
camplex.

The proposed ethanol plant was the first choice as a mainstay industry.
However, because molasses may be too expensive as a feedstock, a process
that can use various raw materials including wood residue and bagasse as
well as molasses was recammended. Although the process selected was mot a
process currently in commercial production, significant portions of the
process had been demonstrated in a laboratory pilot plant to indicate a
high probability of success.
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There 1s presently o canpet:.ng camnercvialmscaled fuel or alcohol plant
in the St;.atelarﬁ there is a marl;et being established for gasohol at this
tlme |

| One sxde benefl.t fmm selecting an ethanol plant would be the possibi-
lxey of usmg an alcohol-powered truck fleet for the transportation
requirements for the industrial park. '

‘m summary, although a more detailed analysis of the applicability of
geothermal resources to an ethanol plant was considered necessary, the ocom-

bination of the availability of molasses and biomass and geothermal energy

“on the Big Island coupled with the local need for liquid fuel made an etha-

nol plant a good prospect for the proposed geothermal industrial park.

Freeze Drying \
- The process is technically and economically proven,

- The raw materials are mdlgenous to Hawaii.
* fThe process can utilize heat in both the heating and cooling
stages. ' L
= Availability of Kona coffee on theIsland of Hawaii.

Lumber Seasoning & Drying
It was recogmzed that t:o perform an ecommic analys1s of lumber

7 dzymg/seasonmg/vmd chips, add:.t:.onal information wmld be needed on the

supply of wood avallable on the Big Island and the nature of the market
demand In addltion, a measure of the value added by drying lumber must be
more carefully detennmed Some * concern wa., expressed ‘that the time

"requlred ﬁor ne—forestatlon would preclude any long-tem high-level pr:oduc-

tion allmg-for an expansion of the industry beyond ‘the current levels.
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However, in spite of the foregoing concerns, it was concluded that a

lumber kiln could greatly benefit the local lumber industry and that such

kiln would utilize established technologies and could use quantities of |

medium grade heat. The process was recamended for further evaluation.

Papaya

The industrial park site is located at the center of Hawaii's
papaya production farmlands. '

Papaya production ranks fourth in Hawaiian agriculture.

Approximately 40% of the papayas in Hawaii are culled with only a
small percentage being processed. Thus a large supply of fruit
for processing is available (presenting a fawvorable area for

development) .

- Protein Recovery

The process is a transfer of technology fram existing protein
recovery plants,

An ample supply of feedstock is available on the Big Island of
The market potential for protein appears high for use as a feed
canponent in Bawaii and Japan and possibly for consumption in
undeveloped countries. |

Research Laboratory

A direct heat geothermal research laboratory will provide a facility

that can test and develop promising processes for both the industrial park

and for small scale low temperature applications. This facility would be

in accord with the stated County policy regarding geothermal developments.
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PROCESSES NOT SELECTED

The followmg processes were not selected ﬁor the ﬁollcwmg pnmar:y
reasons-' B o )
"Almnmmn Processlng v .

The large quantity of electrical power required for the smeltmg of

~aluminum may be avallable in the future using geothermal energy. However,

- for purposes of this. study, application of direct heat wou]d not be involved.
The first stage process. in which the alumina is produced from bauxite
ore requires direct heat spplications. However, this pmcess w:Lll normally ‘

be accanplished in Australla near the bauxite mmes. ‘

Chemical Production
Chemicalproductmnwasmt selected because of the lack of readily
available resources and the dangers and env:.romxental hazards involved.

Confmed Swine

'Ilu.s process was not selected for th::ee reasons, 1.e. (a) the h1gh cost

of feed, (b) the difficulty in penetrating the local pcrk mrket in
Hawaii's ‘warm cl:.mate and (c) &ze pmcess was mt enemgy intensive. N |

‘ ‘D'esalting Water

| 'misprocesswasmtselectedbecausetheremmapparentvatershor-
| tage near Pahoa \

| ’Greenhouses L _

- Very little heating requirements because of climate,

- Heating requirements more economically met by solar;apélications.,




Manganese Nodules

;}-‘

Manganese nodules was not selected because the process was ot environ-

mentally and ebcially aeeeptable o the Pahoa camnmity. Further, the

manganese nodule processing development is too uncertain for selection at
this time. -

Pulp and Paper Mill

- This process 'was not selected because there was no economic market .

available and because of major environmental barriers.

Sugar processing was not selected because of the high cost of relo-
cating a sugar mill to the Pahoa industrial park. ) '

SOMMARY

Selection of the candidate industries for initial econaomic viability

analysis are summarized in a process selection matrix ('VI'able_:3',3). with
| rank ordering of the 8 industrial processes and the research laboratory.
Several processes mot selected could be further evaluated by a research
laboratory and vsvubsequently be determined to be feasible.



gﬁ?
SELECTION MATRIX 5"5
: §8
34
Has the process been yes
adequately proven?
Does 2 market exist? yes
Is the process heat
intensive? yes
Are transportatiéon '
costs a serious
concern? yes
Are there known
serfous barriers? yes
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CHAPTER 4

“INITIAL ECG.\IOMIC VIABILITY ANALYSIS

Introduction

This chapter covers the iﬁitial quantltat:.ve rev:.ew of those industries
identified as possible candidate tenants of the industrial park. The eight
potential- industries, exclusive of the Geothermal Research Laboratory,
selected for ‘initial economic viability evaluation are as follows:

- Ethanol ‘Plant
-~ Cattle Feed Mill -
- Papaya Processing
- Protein Recovery Plant
= Freeze drying of Kona Coffee
= Lumber Kiln
- Cement Bonded Wallboard
= Aquaculture

Methodology Employed
The initial economic viability analysis assessed the availability of

raw materials, market potential and the overall economic danpetitiveness.
-Significant barriers and risks in these areas were weighed againsﬁ the cost
advantages/disadvantages of locatmg at the geothermal park. When the
problems clearly mtweighed cost advantages, the J.ndustzy was rejected from
further analysis. | ' |

A differential cost analysis compared the cost of operation at the
industry's current location to the proposed Pahoa industrial park. Gost

differences arose due to:
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1. Energy requirements - geothermal wversus fossil fuel or other fuel w
source.
2. Freight and logistic requirements.,.

3. Relocation requirements.

( A breakeven analysis was conducted assuming the industries were located
at the Pahoa geothermal park. The required breakeven selling price was .
then compared with the current cost of the product in Hawaii to determine

if locating at the geothermal park would provide a competitive edge.
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ETHANOL PLANT ANALYSIS

Introductlon

A ocrmerc:.al plant de51gned to produce 20, 000 gpd of fuel grade ethanol
and other energy products was selected ﬁor study. 'Ihe specxflc process
chosen was belleved capable of utlllzmg a w:Lde range of llgnocellulosm
feedstocks mcludmg bagasse, woodwastes and agricultural wastes, No waste
products were anticipated from the ethanol process so it would be an effec-
tive net energy producer requiring no mput of fossil fuel. This produc-
tlon could satlsfy 24% of the p:o:ected 1985 State of Hawaii ethanol demand

for use in a 10% ‘gasohol mix.

Ava:.lab:.l:.ty of Feedstock

'Ihe proposed 20,000 gpd ethanol plant requlres approx:unately 206 000
tons (50% nm.sture) of feedstock annually. This biomass feedstock con-
s:.stmg of sugar cane bagasse and wood chJ.ps/slash are _the resultant pro-
duct frcm sugar mill and lumbering cperations respectively. | _

Initial surveys were conducted to determine the magnitude of e:tis‘ting
feedstock from local industries. These surveys consisted of “interviews
with plant managers as well as correspondence by letter. The survey
overall resulted in two conditional commitments made by each, AMFAC and
C. Brewer & Co., Ltd. to sell upon reaching a mutually agreeable price and
a satisfactory supply agreement 3 250 tpd (50% misture) of bagasse for a
canbmedtotalofSOOtpd | e o |
| Surveys were also conducted to determme the availab:.l:.ty of wood
chips/slash. missurvey found a total of 26,000 tons of wood chips/slash

a\iailably annually, - T RN,
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It must be emphasized that the dbjective and intent of the survey was
to determine‘ that adequate feedstock is available and no attempt was made
to quantify the total amount available. : |

The following table sumarizes the results fram the survey whiém
however, does ot a?:curately ixﬁiéate the total potentira]r.' vhich can Vbe |

‘developed.
Feedstock Source
BagaSse:
Tons/Day Annual Total (Tons)
Puna Sugar Mill/Amfac 250 91,250
Ka'u Sugar Mill/C. Brewer 125 o 45,625
Pepeekeo Sﬁgar Mill/C. Brewer 125 45,625
Total 500 182,500
Wood (Slash):
Campbell - Burns 20 8,000
Campbell Estates 50 18,000
Total 70 26,000

Hence, this survey found as much as 208,500 tons/yr. campared to the
estimated 206,000 tons/yr. required for the ethanol plant. "

Market Potential

Hawaii urgently needs additional damestic energy sources to reduce its
dependence on imported oil. Oil consumption in 1979 was approximately as
foilows:
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Electric Generation ‘- 27,000 barrels/day

~ Motor Fuel - - - 25,000 barrels/day
‘Jet Fuel - . 25,000 barrels/day
- Other - - - 23,000 barrels/day

100,000 barrels/day
Virtually 1008 of Hawaii's energy is supplied by imported oil and gas.
- In the last 12 months, the cost of energy to Hawaiian consumers has
increased over 70%. ‘Hawaii's 1980 oil bill exceeded $1 billion.

. Saleable ‘products from the froposed plant would include ethanol,
methanol, methane, steam, yeast and electricity. Ethanol production would
total almost 7 million gallons/year. It would be produced at approximately
200 proof for use in the gasohol market in which 10 parts of ethanol is
blended with 90 parts of unleaded gasoline to make gasohol. = Pacific
Resources, Inc. (PRI) has indicated an interest»inr marketing the -ethanol.
This fim is aiready,a major energy supplier in the State and has
- established an initial. ethanol/gasohol marketing program using ethanol
imported from Bellingham, Washington. o |

Methaml mtput would be a;prox:.mately 800 000 gallons/year It could
be used as boJ.ler fuel or as feedstock m PRI's Hawailan refmery to
supplantimportedcrudeoil. " , L

~ Methane and steam are calculated to be substant:.al oontnbutors to the
eﬁergy output of the proposed plant and would be used m a co-generation |
, plant to produce an estmated 10 Mw of electrlc power.

’ Eoonanic Canpetitivenessof the Ethanol Plant» .
- The econcmic ocmpetitiveriess of .the plant would be affected to a large
degree by the price to be charged for ethanol. The ethanol being shipped
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by Pacific Resources, Inc., to Hawaii from the Bellingham plant in March &5}
1980 cost $2.05/gallon landed in Honolulu. Since ethanol is mixed on a 1:9

ratio with unleaded gasoline to form gasohol, the ethanol must ultiinately

campete with the price of unleaded gasoline unless the gasohol is to be

sold at a premium. It is assumed the ethanol will be sold to the distribu-

tor at the same price effectively as unleaded gasoline.

The average rack price of unleaded gasoline in August 1980 was approxi--
mately $1.36/gallon. This is an increase ‘fran 52¢/gallon a year ago. With
the Federal Government subsidy on gasohol of 4¢/gallon in the form of a
waiver on the 4¢/gallon excise tax and a similar provision by the State of
Hawaii in waiving the 4% sales tax, an 8¢/gallon reduction in ethanol
selling price can be realized by the consumer in the purchase of 10% mix
gasohol. This means that the effective price of ethanol in today's market
would be $1.25 instead of $2.05. However, as this subsidy is not received
directly by the ethanol producer, the campetitive selling price against
which ethanol from the geothermal coammercial park must compete is $2.05/gallon.

Economic Viability Tests

The first ecohanic viability test focused on the cost savings to be
realized by locating an ethanol plant at the industrial park and utiiizing
geothermal energy wversus locating at the Puna Sugar Mill and utilizing |
fossil fuel. At both locatlons r the major feedstock for the process would
be a mixture of bagasse and wood wastes. ' 7

The Puna Sugar Mill was chosen as an alternate site for camparison with
the industrial park. Different;ial cost include energy, transportation and
construction. The results of this analysis presented in Table 4.1 indicate
that savings of $1,175,324 can be realized with a geothermal ethanol plant. '&;
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TABLE 4.1

DIFFERENTIAL COST ANALYSIS - ETHANOL PLANT

Energy
Assume: Substitute for geothermal steam would be fossil fuel.

R , Difference -
.. Geothermal Fossil Fuel Geothermal Savings

Cost per MBTU - .~  $2.67 $7.46 8 4,79

Energy Requirement:

3.431 x 10° MBTU/yr  $916,077 $2,559,526  $1,643,449

Transportation

Assume: The nost llkely location for the ethanol plant other than at the
park would be at the Puna Sugar Mill. The cost of transporting
. the bagasse from the sugar mill to the park:is $3.64/ton.

Difference
Cammercial Sugar Additional Cammercial
Park Mill Park Expense
Transportation cost
~ based on feedstock
requirement:
280TPD x 365 days x
$3.64 $372,008 — ($372,008)

Construction

Assume A construction premium of $30 ,000 for the park is added to the
plant construction cost at the Puna Sugar Mill. The premium
reflects additional transportation costs for the 16 miles fram
the sugar mill to the park site.

Lol : - Difference
Camnercial Sugar Additional Commercial
Park Mill Park Expense
Construction cost
for a 20,000 gallon
per day ethanol : : . ‘
plant $30,000 — ($30,000)
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TABIL 4.1 (continued)

SUMMARY
Savings/(Expense)

by locating at cammercial

park versus Puna Sugar Mill
Energy : $1,643,449
Transportation ( 372,008)
Construction L 30,000)
Operations : ( 66,117)
Net Savings/(Expense) $1,175,324
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Annual Variable G)st

‘Hawan sellmg prlce of ethaml

Breakeven Sellmg Pr1ce ‘

"he breakeven selllng pnce ﬁor the geothennal ethanol plant was

’ determlned. 'IhlS prlce would have to be ccmpetxt:.ve w1th the current etha-

nol sales prlce in Hawau of $2 05/gallon. Tne breakeven analysxs in

;Table 4 2 derlved a $l OG/gallon sellmg prlce ﬁor ethanol ut:.llzmg an

est:unated geothemal energy oost of $2 67/MB'IU

- BREAKEVEN ANALYSIS

Assume 20 000 gpd ethanol plant. ‘ o 7

o | *otal Investment " ! - $21 000 000,
Interest dur:mg Construct:.on (12%) 2,520,000 VT

) 'Ibtal Capital Gost $23 520 0007:.

| mortlzation of capltal cost 158, 25 years | o 3 638 530

*09erating and Maintenance - - %" 4,100,000

f~.iBreakeven revenue: requlred S T LT Ng 7,738,530/,

Breakeven selling price ‘of ethanol Al TR VT S AR
) (based o a 365 days/year operatlon) ... $Sl.06/gallon

August, 1980.  $2.05/gallon

Conclusion ' «&f v =

Aﬁraﬂanility of resource: Assured
‘ Econcxnic*viability: "Clompetitive
Market Potential: High
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Molasses Ethanol

Although the basic ethanol process selected in the study converts
cellulose to ethanol, an econamic v1ab111ty test of a proposed mlasses
plant was also undertaken 'nus proposed m:lasses plant was evaluated in

the Hawaii Ethanol from Molasses Project (Hawau Natural Energy Instltute,

u.S. Deparment of F.hergy, contract No. EE—ACD3—79ET23141, Aprll 1980).
The base process developed in that study utlllzed bunker C fuel or its
equivalent and a molasses feedstock. The cost per gallon of ethanol was
$1.76 (August 1979 dollars), which equates to $1 96 in March 1980 dollars.
The same process vas costed utilizing geothermal energy at $2 67/MBTU
as opposed to ﬁoss:.l fuel to determine the cunpetltlveness of geothermal
Table 4. 2 presents the results of the analys:.s.v The HNEI molasses plant
utilizing geothermal energy, ocould produce ethanol for s1. 87/gallon, a $.09
savings over the use of fossil fuel

2n investigation was made to see if this cost sa{ring was sufficient to
cause any of the proposed molasses ethanol plants to locate in Pahoa.  Hilo
Coast Processing Campany is study:.ng a molasses ethanol plant at: thelr
sugar factor.y at Pepeekeo, approx:.mately 25 miles away from Pahoa. It was
evident that by locating this plant in the park, additional costs would be
incurred in transportation and duplication of infrastructure and supervision.
These additional costs would be greater than the energy savmg

The cost of additional processing capacity at the HllO Coast Processmg
facility to handle molasses from other sugar factories on the Island of
Hawaii would be significantly less than the cost of an independent plant in

Pahoa.
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TABLE 4.2
FOSSIL FUEL MOLASSES PLANI‘
N CXBTCDMPARISCN—BASEDQQHAVMI E.']}IANOL FROM MOLASSES PROJ'ECI‘]'

- AND GEOTHERMAL MOLASSES PLANT

Cost Analysis for Base Processes for the Production
- of Ethanol with Deep Ocean Discharge of Stillage

' Foss:.l Fuel Molasses Plant Geothermal Molasses Plant

Annual per Gallon Annual Per Gallon
($1000) of Ethanol - {$1000) of Ethanol
Operating Cosi:s2 ‘ |
Labor and supervision 4 - L L
‘(including employee ‘benefits) $ 490 " 6.64 ' - $ 490 6.64
Supplies (chemicals, ST e
,_vnutn,ent's and water) 215 3.3 . 275 - 3.73
Fuel, bunker C or equivalent
~ (168l1.9 input minus 47.0 =
- -excess electricity, MJ/100
“liters ethanol = 1634.9 MJ A o
= 432,240 MBTU) 1,756 ; 237~.81‘ ‘ FEas ]7,154‘ ... 15.65
Repair and maintenance (3%
of total investment of o :
$9,970,000) 332 4.50 e 332 4.50
‘Molasses feedstock ($71.76/ton)7,903 107.17 7,93  107.17
Contingencies (158 of sbove) ~ 1,614 21.89 ° 1,523 20.65
Total Operating Costs 12,370 167,74 11,677 158.34
‘Depreciation and Interest 2,767 ' .37.52 2,761 _31.52
Total Cost o s1sam o 2526 $14,444  195.86
lesss "Excess yeast (20 kg/torme o ' ‘ -
' nolasses @e33. 7¢/kg) o 674 9.14 . TR _674 9.14
Net Cost .. 84,463 19602 $13,770  186.72
) leference fran Molasses Plant $692 . 8.07.

1 Teble U.S, Department of Energy Contract No. DE-AC03-79ET23141, April 1980

, 2., Original unit costs and incame stated in August 1979 dollars.
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CATTLE FEED MILL ANALYSIS

Introduction:

This analysis focuses on the feasibility of locating a commercial plant
designed to pr:éduce 240 tons pér day of a cattle feed roughage camponent in
the Pahoa Industrial Park. The specific process selected dries and forms
sugar cane leaf trash into 1-1/4 inch cubes to be marketed as a roughage

ccméonent of cattle feed in both Japan and ‘Hawaii.

Availability of Feedstock

The feedstock under consideration is sugar cane leaf trash, also known
as "cane strippings®. The sugar cane leaf trash @ 600 tons per 24 hours at
‘approximately 70% moisture is available for study purposes from the Puna
Sugar Mill which only recehtly installed a mechanism to sepafate the leafy
cane trash. For this process evaluation an estimated cost of $24.50/£on
for cane trash will be used. In addition, transportation costs are $3.64
per ton from the Puna Sugar Mill.

Energy Requirements

- Total heat needed to dry 600 tons per 24 hrs. of sugar cane leaf trash
with 70% moisture is approximately 72 MBTU/hr. assuming 50%
efficiency. |

- Geothermal heat using 375°F input to the furnace air preheater can
provide 32 MBTU/hr

=  Process "fines" can be recovered and burned in the dryer furnace
providing 15 MBTU/hr. |

-~ Wood chips provide the balance of heat required i.e., 25 METU/hr.

at~a cost of $75.00/hr.
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Market Potential

) Hawaii Jmports approxlmately 30,000 tons of cattle feed roughage each

year. In Japan there is a shortage of 300 000 tons of roughage per year.

v . . . -

TABLE 4.3

Actual 1980 Selling Price/ton of Roughage Cattle Feed

Jepen  Oahu
Cubed sugar leaf trash. ' $160.00 $120.00
Alfalfa pellets from Mainland U.S.A. 280,00 175.00
| Moloka:. gumea grass | o 185.00 | ’58.60

Pineapple bran - = 120,00
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TABLE 4.4

DIFFERENTIAL COST ANALYSIS - CATTLE FEED MILL

Enérgz

Assume: A substitute for geothermal steam would be fossil fuel where a

camparable plant would be located at the Puna Sugar Mill.

Cost per MBTU

Cattle feed mill requir gmen
32 MBTU/hr.; 2. 304 x 10

Transportation

Transportation/ton

Cattle feed mill requirement
600 TPD x 300 days x $6.00

Construction

_ L - Difference
Geothermal Fossil Fuel Geothermal .
Savings
$2.67 at $7.46 at
Pahoa Ind. Puna Sugar $4.79
Park
$ 615,168 $1,718,784 $1,103,616
Difference-
Industrial Puna Sugar Additional
Park Mill Ind.Pk.Expense
$3.64 ($3.64)
$ 655,200 — (S 655,200)

Assume: A construction premium of $30,000 is added to plant construction at

the park. This premium reflects additional transportation and

infrastructure costs for the plant being 16 miles from the Puna Sugar Mill.

Differential Construction Cost

for 240 tons per day cattle
feed mill

Industrial Puna Sugar

Park

Mill

Difference

$4,830,000
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Energy

Transportation

Construction

 Net

TABLE 4.4 (Continued)
SUMMARY

! SavirméS/(Eﬁ:pense) by Iocatirig.
at Industrial Park vs.
Puna Sugar Mill

$ 1,103,616
(655,200)
(__30,000)

'Savirxgs/(Expense) .. § 418,416
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'BREAKEVEN ANALYSIS

Assume: 240 tons per day of feed cubes
- *Total investment

‘Interest durmg construction (12%)
Total Capital Cost

Amortization (30yrs. @ 15%)

*Annual variable costs

Breakeven revenue required

Breakeven selling price of feed cubes

(based on 240 tons per day,
300 days/year = 72,000 tons/year)

Conclusion

Raw product availability:
Market availability:
Economic viability:

* preliminary estimate
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579,600

$ 5,409,600
823,882
S 8,000,000
$ 8,823,882

$122.55/ton

Assume available
Potential in Japan
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PAPAYA PROCESSING PLANT ANALYSIS

Introduction

The center of the papaya industry resides in the Puna District of -
the Island of Hawaii, site of the proposed Pahoa Industrial-Park. | The
district maintains between 75-80% of the State's productive capacity.

This analysis was made to deteﬁnine the economic viability of locating
.a papaya industry at the industrial park which will process fresh papayas
and utilize the geothermal resources for processing the culled papaya
(those left in the field). It is estimated that approximately 40% of the
papayas are wrrently being left in the f:l.eld. ‘

Avallab:l.llty of Resources

Approximately 2900 acres of land on the island of Hawaii are under
papaya. cult:.vatlon. This represents a production capability of over 80
million pounds. The State of Hawaii has approximately 1,080 acres of addi-
tional land in the'Puna District available for lease that &re suitable for
papaya cultivation. This alonebrepresents another potential 30 million
pourds of papaya. Additional land mﬁld be cbtained through negotiations
with various:landowners with large holdings in Puna. The following table
shows the total mumber of acreage held by the-.fiVe major campanies
available for product:.on o the Island of Hawaii |

mmBLB 4 5* |
, '.[btal Mres % of 'Ibtal Acres % of
. Company © - .~ ¢ _Available ~Total - in Harvest Total -
.Ppuna Papaya © . . . -.:1,255 - -43% . .666  .36%
Mr. Papaya ' 750 26 ’ 500 31
Ono Pac o400~ cn - 140 23000 160
Diamond Head 300 10 - 160 9
Del Monte = - i 200 o0 7 . .150 8
Total 2 905 ‘ 100% l 776 1

*Fran Papaya Admmlstrative Oarmittee v pro;ect:.ons are based on an 8-10%
annual growth. ,
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Marketing Potential

The market potential of three papayé products, fresh papaya, papaya \;J
puree and dried papaya were analyzed. The major growth potential was seen
in the Mainland U.S. market.
The primary demand trends for fresh, processed and dried fruit, as well
- as their existing and potential naikets are illustrated in Table 4.6.
Note the per capita consumption of noncitrus fresh fruit and processed
fruits in the U.S. has been increasing since 1975:

- TABLE 4.6
Per Capita Per Capita = - ‘
Pounds of Pounds of Per Capita
Fresh Canned & Frozen Pounds of

Year Noncitrus Fruit Juices  Dried Fruit
1960 57.5 24,2 3.1
1970 51.2 29.1 2,7
1973 . 47.3 32.4 : 2.6
1975 52.6 34.5 ‘ 3.0
1976 55.2 34.6 2.6
1977 . 54.4 33.2 2.5
1978 55.3 34.9 2.0
1979 56.2 35.7 2.3

One significant marketing'consideration is the new consciousnessvof
nutrition. Payaya is considered an exceptionally healthful food. Seven
ounces of papaya contain 3,500 units of Vitamin A, 112 mg. of Vitamin C,
468 mg. of potassium and a significant amount of calcium. All this nutri-
tion is cbtained with less than 80 calories.

The papaya industry in 1978 had its peak year with producﬁion over
83 million pourds. The bgeakdown is as follows: |
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- approximately 5% unusable
54 million sold as fresh
9 ‘mil]),lion‘*used in prqces:sgj.ng :
15 million wéfe left in the fields L
The Papaya Adtninistratiye Ot:rmittee projects the produgtiqp and
marketing priges rof fresh papafa (that sold at the fresh_pppduce, seétion of

a supermarket) as follows:

Total -
Fresh Production Farm Price
o (in millions of ' = (cents/pound)
Year pounds) '
1978 54.6 144
1979 35.0% 27.0
1980 57.0 . 17,5
1981 . 650 19.0
11982 70.0 21.0
©1983 0 75.0 - Ut 23,000
1984 80.0 - 25.0

*Setback in 1979 due to extreme temperature variations which enhanced
disease. NS . -

Assumptions: Develop an integrated plant for fresh packing, puree pro-
‘ cessing anddryprocessm. RRRER R e N

Fresh pepaya sold to | BRI

wholesaler or large: $0.40 lb, FOB Hilo

retailer. - |

Buree sold to food $0.28 1b, FOB Destination -
processors . (This study assumes West Coast)
- Dehydrated Snacks . $4.00/1b. in bulk -
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BREAKEVEN ANALYSIS

Fresh Production: 13,000,000 lbs./yr.

Fixed assets '
Building | ~$ 800,000
Equipment 1,900,000
Other 100,000
Total fixed assets $2,800,000
Interest during construction (12%) = 336,000
$3,136,000
Mmortization (30 yrs. @ 15%) | 477,600
Varisble Gost 4,157,000
Breakeven revenue required $4,634,600
Brgakeven selling price required for a 15% ROI $0.36/1b.

Puree Production: 5,000,000 lbs./yr.

Fixed assets
Building $ 400,000
Equipment 1,100,000
Other - 75,000
Total fixed assets $1,575,000
Interest during construction (12%) 189,000
| $1,764,000
Amortization (30 yrs. @ 15%) 268,657
Variable Cost 1,106,000
Breakeven revenue required | 1,374,657
Breakeven selling price required $0.27/1b.
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Dried Production: 880,000 lbs.

Fixed assets
Building $ 400,000 .-
. Equipment - 1,500,000
 Other 110,000
Total ' $2,800,000
Interest during construction (12%) 241,200
$2,968,000
Amortization (30 yrs. @ 15%) 342,858
Variable Cost 1,013,000
Breakeven revenue required : $1,355,858
Breakeven selling price required $1.54/1b.

Energy Cost Analysis:

Puree plant requirements: 1,250 MBTU/yr.
Fresh plant requirements: 2,000 MBTU/yr.
Dehydration plant requirements: 3,520 MBTU/yr.

Geothermal Fossil Geothermal Savings

Cost/MBTU | ‘ $2.67 § 7.46 S 4.79
Puree: 1,250 MBTU 1$3,337  $ 9,325 $ 5,988
Fresh: 2,000 MBTU ' _ 65,340  $14,920 $ 9,580
Dehydrated: 3,520 MBTU $ 9,398  $26,259 $16,861
Summag

The papaya industry has ample roam for gmwth, however, additional
research is required to ideritify the various market demands on the Mainland
U.S. for both the fresh and puree. |
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Conclusion

Availability of resources: S : Assured
Market potential: N Good
Economic viability: : Campetitive
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LEUCAENA PROTEIN RECOVERY ANALYSIS

This industry would focus on recovering the leaf-protein concentrate
(LEC) from leaves of the Hawaiian type leucaena using geothermal heat as a
primary energy source. The p:'ocess to b’e used; known as Pro-Xan, has been

successfully used for mo"years in an alfalfa plant in Golorado.

Descnptlon of the Pro-Xan Process

The Pro-x.an process starts with fresh green leaf (green-chop) being
fed into a machine which grinds or macerates it. Next, the ground green
leaf material is vpressed‘ to separate a protein-'rich green juice fr:anpar-
tially dewatered presscake. The Pro-Xan is extracted from this green
juice by subsequent processing steps. To reduce the fiber content of
Pro-Xan a defibering screen removes fibers suspended.in the green juice.
The green juice is then heated by direct steam injection from 80° to 95°C
to precipitate mcst of the protein.

The teat—preczpltated protem forms dlstmct curds whlch are separated
fmn the green leaf solubles by cent:nfugat:.on, then granulated or extruded
and dried in a hot-air drymg system The resulting product is called
Pro-Xan or leafprctein concentrate. Other producf_s fram the process are
the presscake fract.ji_cn, containing most of thelr.fr:l.ber, and the green leaf
solubles. ‘ | | | |

‘ Model 40-ton Per Hour Pro-Xan Plant e

'L'ne U S. Department of Pgrlculture Western Pegmnal Research Center
(WRRC) at. Albany ’ V,Cal‘lfo'rn;a + has recently f(rJanuary 1980) p,:bllshed
estimates for a Pro-Xan plant designed to operate on a‘_.40§ tons per hour of
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chopped alfalfa. A plant designed to use chopped leucaena would be similar

in all respects. The following data are from the WRRC pt:blicatidn, and are b
based on a Pro-Xan yield of 15%. o
| Material Balance
Item | o | Pounds Per Hour

green~chop input 80,000

green juice PR 121,600

‘wet presscake - 35,200

heating steam used ' ' 8,433

wet Pro-Xan cake e 6,600

dilute alfalfa solubles to evaporator 46,633

concentrated alfalfa solubles | 5,812

alfalfa solubles (dry basis) o 2,992

' water evaporated fram dilute solubles 40,821

presscake dryer input 41,012

water evaporated from presscake in dryer 24,012

water evaporated from presscake in grinder 739

water evaporated from Pro-Xan ' 3,667

Pro~Xan (10% water) 2,933

Dehy presscake (8% water) 16,261
Energy Requirements

Utilities required by the processing plant include. eleét.ricity, natural
gas, and water. An operating electrical load of 80% of total connected
horsepower was assumed except for power required to run the green—chop
grinder and the screw presses. The energy requirement for the grinder was

o
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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 motor efficiency
was assumed to be 88%. Total electricity consumption for the model plant
while cperating for a 130 day season was estimated to be 5, 857 280 kwh
whether recovering 12, 15, or 18% Pro-Xan. R |
‘Natural gas was regarded as the fuel source for the boiler, presscake
dryer and the Pro-Xan dryer. High temperature rotary dryers with an V‘
exhaust recyclmg system were used to dry the presscake in the Pro-Xan
products., 'Ihe exhaust gas tecycle system in the presscake dryer is capable
of recyclmg 50 to 75% of the‘ normal exhaust gases. Such recycling raises
‘the wet bulb: temp’erature of the final dryer exhaust gases to approximately
180°F. These exhiaust gases provide the primary heat source for the waste
heat vacuum evaporator. For each pound of vater evaporated from the
presscake by the presscake dryer, 1.7 pounds of water are evaporated from
the dllute alfalfa solubles in the evaporator._ ’Ihe energy. requirement for
dehydratmg presscake w:.th concentrated solubles added was assumed to be
1, 500 B‘I‘U's per pomd of water evaporated Energy consmnpt:.on by the v
Pro-xan dryer was set at 1, 600 B'IU's per pound of water evaporated
A Steam is requ:.red for Julce heatmg, pellet:.ng and ﬁor the vacuum
vsteam ejector system an the waste heat evaporator. 'Ihe b011er v equlpped
w1th an economizer, was assumed to have an eff1c1ency of 86%.
'Ibtal annual gas consumptxon for the model plant when y1e1d1ng 15%
Pro-Xan was 156,776,380 cubic feet. an alfalfa dehydrat:.on plant of the
, same-capacity‘bperatihg. fram the samemmberof hours per year would con-
‘sume about 277,820,100 cubic feet of gas -anrually. hus, for a Pro-Xan
plant yielding 158 Pro-¥an gas reduction would be 448 over that for dehydra-
tion of chopped alfalfa. | |
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Although the mzRC model plant was based on a 130-day season, which is
typical qf the mid-western United States, the Hawaiian plant would operate
year round, providing, considerably improved econamics. As an example of
this, WRRC computed that the annual rate of return on investment could be
more than dogbled:if,_t:he season oould be increased fram 130 days to 230

days.

Leucaena Feedstock Description

Leucaena plants can be broadly classified into three types.

Hawaiian Type: Short, bushy varieties growing up to 15 feet in height that
flower. when very young. This type flowers year round rather than
seasonally. CQampared with the two types mentioned below, its yield of wood
and foliage is low.

The Salvador Type: Tall, tree-like plants growing up to 65 feet in height
with large leaves, pods, seeds and thick, branchless trunks. Originating
from the inland forests of Central America, var.;ieties of this type have
been studied only in the last decade. This variety often produces more
than twice the biomass of the Hawaiian type. Same ‘extremely high-yielding
Salvador type protovars are now being planted as sources of timber, wood
products, and industrial fuel. They are known as "Hawaiian giants" or by
the designations K-8, K-28, or K-67. | ' |

The Peru Type: Tall plants growing up to 45 feet, similar to Salvador
type, but with extensive branching even low down on the trunk. They have a

small trunk but extremely high quantities of foliage on their branches.

Although these are highly productive forage varieties, -they have only
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recently been dlsoovered, as their use out51de Australla, Hawan and Mexico
Stlll awalts testmg ‘ ; ‘ . » L |

'Bueannualymldofdrymatter 1sbetweenlandlo tons peracre A
small g:oport:.on of thls J.S usually ired:.ble woody stems Fran the best
follage varieties on good sites, armual yields of edlble dry matter
(leaves and fine stems) are 6 to 10 tons per acre. Irr1gatlon can- mcrease
this to higher lévels. 'This is ‘equivalent to the annual g:'oduction of 800
to4300poundsperacreofprotein =l ' B N

" The leaf contains both nutrients and roughage essential for a complete
runinant feed camparsble to alfalfa forage. Leucaena leaflets can readily
be separated from the leaf stems providing a high-protein feed containing
27 to 34% protein. Because of the high protein content, leaflets are being
sundried in Malawi, Thailand, and the Philippines for local use and exported
to Japan and Singapore.

Leucaena's protein is of high nutritional quality. 2mino acids are
present in well-balanced proportions, similar to Valfalﬂfa. Leucaena can
also be a’rich source of carotene and vitamins.

Feedstock Availability*

Leucaena is not grown in the Puna district at this time. Bowever,
there is appmximately '2,000 acres of marginal sugar cane land that could
be used. An add:.t:.onal 3,000 acres would be ava:l.lable elsevhere on the Big

Island of Hawaii,

“* In subsequent tests of samples of Hawaiian leucaena at the WRCC

- Laboratory, a serious qum problem was covered which eliminated further
: oons:.deration of this process.,
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" Lack of phosphate in the Puna district may be a limiting factor for
plant growth. Correction of this deficiency may involve a major capital
investment., For this reason as well as the possible need for dfip "
irrigétion, land development has been estimated to cost $600.00/acfe.
Market Potential = L
- Protein from green leaves is marketable for animal feed and human

consumption. The green liquid protein concentrate is sold primarily for
animal feed at a cost of $600.00/ton. Further processing produces a white
product that is currently priced at $1,500.00/ton. ‘The presscake by-
-product selling price is $188.00/ton.
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'PROTEIN RECOVERY
BREAKEVEN ANALYSIS

Assume: 35 tpd of protein concentrate operating 365 days per year and 20

hours per day.
Capital Costs
Land development ﬁor er.p 1rr19atlon @ .
600.00/acre for 5,000 acres - $. 3,00»0,(')00
Extraction plant 5.0 mll:.on o o o S,OOO ,bOO
Total investment s 8,000,000
Interest during constructicn @ 12% o - 960,000 "
Total Capital Cost = = $ 9,000,000
Amortization of Capital Cost
15% @ 25 years $ 1,500,000
‘Total 10,500,000 ~
Annual Var:.able Costs N
Variable cost of productlon 3,100,000
Peedstock costs € 12. 50/ton 3,600,000
swtotal 6,700,000
15% Contingency ‘ 1,005;000
Total Annual variable costs , 7,705,000
Breakeven revenue required , $ 18,205,000/year

| Total Annual Production @ 8.8 tons/hr. = 64,240 tons '
Camposite Breakeven pr:.ce per ton = $291.18
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Breakeven Current

8.8 tons/hr. Product Selling Price/ton Market Price/ton
.8 tons/hr. green LPC . | — $ 600.00
.4 tons/hr. whets LPC —_— 1,500.00
7.6 tons/hr. presscake | — 188.00
Camposite 285.67 | 285.11

Current Market Value/8.8 tons product

Green LEC (0.8 tons) @ 600.00 = § 480.00
White LEC (0.4 tons) @ 1,500.00 = 600,00
Presscake - 7.6 tons @ 188.00  _1,429.00

Total o © $2,509.00

Value/ton = 2,509 = 8.8 = 285.11
CONCLUSION:

Availability of Resource: Uhsuitable ”
Market Potential: ‘ Good

Econamic Viability: Unsatisfactory
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KONA COFFEE PROCESSING

Availability of Raw Material

The Kona Coffee Industry produced about 1.8 million pounds of parchment
coffee in the 79-80 growing season.
despite a 5% decrease in harvested acreage.

’

production and price statistics are‘ as follows:

This is up 7% over the previous year

Several of the past years'

| Nmnber of coffee farms, acres in ooffee, acres harvested, y1eld,_

production, price, and value, 1973-80

Lo Acreage ~Yield per | Marketings| Price = | Value
Year Farms | In crop | Harves harvested | (parch- | per pound of

g s C - acre’ - -] ¢ ment) (parchment) | sales

, 1,000
Numberx —ACTES e --l,OOOpourxis-——'—Cents-- dollars

1973-74.. | 770 2,900 2,500 1.2 3,040  56.3 1,11
1974-75.. | 760 2,900 - 2,500 - 0.6 1,540 46.4 714
1975~-76..| 780 = 2,400 2,000 0.9 1,860 . 75.2 1,399
1976-77.. | 780 .. 2,400 . 2,000 - 1.1 24120 - --185.0 3,922
1977-78.. | 780 2,400 2,000 1.1 2,270 138.0. 3,133
1978-79..| 750 - ... 2,300 . 1,900 - 0.9 1,680 126.0 2,117
1979-80.. | 700 2,100 1,800 . 1.0 - 1,800 145.0 2,610

Source: - Hawaii Department of Agriculture and U.S. Department of Pgriculture,

*Hawaii Coffee Annual Sumary,” January 24, 1980 o
| Because coffeeisalabormtens:.vecroparddoesmtlerﬂ 1tse1fto
: mecham.zatlon, the Kona farms tend to be fam:.ly orlented Addlt:.onally,
there seems t:o be a general lack of new farmers startmg ooffee product:.on.
Note that the mxnber of farms has generally decreased smce the early 1970 S.

Enerqgy Requirements B T

In general, soluble coffee is processed into regular powdered' form-or
freeze dried forms. . Regardless: of the process, it takes =appr.‘oximately 2.5
lbs. of roasted green coffee to make 1 1b. of soluble coffee with 3%

moisture. A typical process includes roasting, grinding, percolating,

4-31




drying and packaging. The spent coffee must be either dewatered and
pressed for disposal or dewatered, pressed and subsequently burned in the.
boiler for heat recovery.

As mentioned above, for every pourd of coffee solubles, there arevl.s
lbs. of dry spent coffee grounds. The spent coffee grounds, after
accounting for associated moisture have about 7500 BTU of heat value per -
pound. If fuel oil costs $30 per bbl (equate to 71¢/gal. or 8.9¢/1b.,) and
provides 18,000 B'I'U heat per pound of oil, then the fuel cost associated
--with every pound of soluble coffee is about 5.6¢, Thus for a typical
3,000,000 1bs. per year plant, a saving of $168,000 per year in fuel oil
cost can be realized using spent coffee grounds as fuel.

The 3600 lbs./hr. of steam can be used as follows: 1150 lbs./hr. for
heating percolation feed water, 400 lbs./hr. to dry spent coffee grounds,
50 1bs./hr. for the vacuum ejector, 1800 lbs./hr. for heating spray "dryer-
air and 200 lbs./hr. for pre-heating boiler-feed water. However, there is
stul a need for roasting of the green coffee. Typically, the roasting
temperature is approximately 540°F which is out of the reach of geothermal
heat supply. Conventional gas or 0il must be used to generate the heat.

Theoretically, it requires 900 BTU to reduce the moisture content 1n
green coffee from 528 to 12% ready for shipping. Assuming 508 efficiency,
it will take 1800 BTU per lb. of green coffee to dry. The drying tem-
perature is typically 140°F which is ideally suited for geothermal
application.

Assuming that coffee production on the Island of Hawaii is 1.8 M lbs.

per year, the heat requirement for drying coffee is 3,240 MBIU/yr.
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Market Potential

Almost all of the coffee ‘farmers belong to either the Kona Coffee Co-op
(66%) or the Pacific Ooffee Cbop (.33%) 'Ihe Supenor Ooffee Ccmpany has

contracts with both co'ops: and buys the coffee for 20 ce'nt's/lb.'o'ver the

Columbla Index on the world market. ) This year's crop was selling at $2.30 -

$2 40 per pomd for the top grade green bean. Eighty percent of the total

Hawan. harvest is w:.thm th1s grade.v 'me m:.ld grade of bean receives $1.80/1b.
The Kona Coffee (b-op bel:l.eves that w:.th certain changes a price of

$3. 50/1b. could be cbtained due to the high quality and limited supply of

the Kona' bean. It is interesting to mote that some of the more exotic
coffees, produced in oeupt;ries vhere -labor and production costs are much
lower‘,, receive over $4_.0(:)/lb., in the green bean stage.

| A local expert feels that the nature of the coffee crop and the costs

" of production here in the U.S. are such that little can be done to signifi-

cahtlyalterthedeclineofthemmberofcperatingfamsarﬂharvested

acreage.

Feasibility Smimary

In summary, the following conditions and trends exist:
1. The trend of Kona coffee production along with the rnumber of fams and
acreage under production is generally downward.

2. Superior Coffee seems to have a sttong hold on the supply and market

channels and already maintains a coffee processing plant in Hawaii.

3. Except perhaps in drying the green coffee, no particular ajvantage
exists when using geothermal direct heet in the production process.
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4. The quantity of green coffee produced each year in Hawaii is not "
quite sufficient to feed a plant of efficient size, (one able to

process approximately 3,000,000 pounds of green coffee per year).

‘Although the Kona Goffee Co-op manager has valid marketing strategies
for his Kona ooffee producers, it will take a significant attitude change
by farmers to want to expand production and look for more efficient produc-
tion methods. Perhaps in future years, after the coffee. producers gain
greater control of their channels and can realize greater profits, existing
and new farmers will be stimilated to expand production and market in a
business-like manner. At this time, however, conditions are not
aépropriate to consider a coffee processing plant in the Pahoa Industrial

Park.
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BREAKEVEN ANALYSIS

Plant Capacitys:s 720,000 1lbs./yr.
- Annual -Input: - 1,800,000 lbs./yr.

‘Total Assets-‘ ,f - $4,000,000
Interest during constructlon (12%) $ 480,000
: Tbtal Initial Investment. $4,480,000

Capital Recovery (3o-yrs. @158):  $ 682,304 - -
Variable cost of production: . $4,600,000
: .‘Bre,akevenér.évenue requireds - $5,282,304
Breakeven sellmg price: $ 7.33

~.D i j[s

- Heating Requirementss: - 3,240 MBTU/YT.

Cost o Geothermal S Foss11 Fuel ’ Geo-Savgg‘
CstNBN 267 s7.46 $4.79
3,240 MBTU/yr.  $8,650 O saam0 $15,520

Conclusion l
Availability of Resources: - downward trend
. Marketing Potential: - = .- _assured
Ecorbmic.viability: RIRRC e runpfoven T Sras
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LUMBER KILN ANALYSIS

Raw Material Availability

The volume of standing timber in Hawaii can sustain a somewhat larger -
cut than is being made. At present, the Island of Hawaii has 761 million
board feet of timber, eleven inches or larger, suitsble for commercial use.
This volume is distributed féirly evenly on State lands and private lands..
The availability of add:.t:.onal native oh:.a and koa is less certain. 'ihere

is very little koa in accessible stands, eJ.ther public or gm.vate. The

existing stands are estimated to last ten years at present rates of logging. -

The limited supply of koa can be attributed to three factors:

1. The location of recoverable koa timber on agriculturally zoned
land.

2. The low yield of koa due to its slow rate of growth (14" dia.
per year). |

3. Former koa forest land is converted to grazing land after harvest
with no reforestation program. At present, forestation programs
are mot being sustained at levels necessary to significantly

improve the timber resource base.

Market Potential

Market development is critically dependent on product quality and the
product characteristics in terms of usefulness for the purpose at hand.
The small local sawmills have experienced considerable difficulty in n'ain-?-
taining product quality. Negative market responses have occurred as a
result of inadequate seasoning, improper or lack of grading, uneven cutting
of boards and milled stock, lack of culling of defective materials and

other processing faults.
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Koa is well known and used for a variety of purposes, such as furniture
production’ and decorative parieling. Locally, the wood is well known for
its good quality and is considered quite exotic. -’

Sales.distribution of ‘Hawaii koa lumber is as follows:

‘UiS. Mainland - - oo 65%
State of Bawaii =~ - - 208
‘Japan T Y FE A 158 -

It usually takes about 5 years ﬁor koa to becane acceptable to mainland
standards for fumiture making where it 1s presently sold as black walnut,
'Ihls is because many of the wood or furmture manufacturers have limited
kmwledge of koa which generates apprehensz.on in work:.ng w:.th new woods.
Manufacturers tend to only mtroduce new products dur:.ng t:unes of surplus.

| 'merehasbeennonajorcmmltmentbythedealers msupportofpro-
cessmg and n'arketmg local koa woods. Apparently, local ﬁorest p:oducts
have offered mnor incent:l.ves for exploztatxon in ccmpetitlon with or rela-
tive to nnports Imported softwood and hardwood products have long held
establ:.shed p051t10ns in the local narkets for whlch local ;roducts might
campete, Unt:.l recently, no major camutment had been nade to develop and

hold an export market.

§ystens and Operatlon

Moore Internatlonal, Inc. and Lumber Systems, Inc. were oontacted for a
deta:.led analysis of klln capac1ty, energy requlrements and cap:.tal cost
assuming the klln will recelve koa w1th 30-35% nmsture and reduce the moisture

down to 8%.
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. The following summarizes information on a typical kiln:

1.

2.

3.

4.

Four to five days are required to dry 4 x 4 koa fram 35% to 8%,
and 9 to 12 days to dry 4 x 8 koa fram 35% to 8%. It is possible
to achieve the lower limits if the kiln has good air flow.

A single compartment holding 30,000 board feet of lumber should be
adequate, assuming half of the lumber dried is 4 x 8.

Moore International recammends a track kiln. This is to load the
kiln charge on rails and roll it into the campartment. The main

“advantage of this design is that it pt'ovmes exbellent éir flow
'patterns The 30,000 board-foot kiln bm.ld:.ng would be approxma-

" tely 34' X 32' wide and roughly 20" high with 3 tracks Each

~ track supports a line of 4-foot packages of lumber.

Maximum dry bulb bemperatxn'e is 200°F. Maximm steam use’ is about

"'1800 pounds per hour. This is equivalent to about 2 MBTU/hr.

' The estimated capital cost can be summarized as follows:

Camplete Kiln F.0.B. Fortland $ 80,000
' Freight to Hilo 10,000
Site Prep and Foundation 110,600

Total $200,000

Transportation Costs

The estimated transportation cost to the industrial park at Pahoa fram

Hilo is as follows:

A typical 40-foot trailer can transport 10,000 board feet
| 3 hours .for delivering the green"ltm\ber to Pahoa
3 hours for delivering the dried lumber to Hilo
6 hours total @ $40/hr.: $24/1,000 board-feet.
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BREAKEVEN ANALYSIS < .

Assume: 1.5 Million board feet output annually.
Total Assets: . . . ~ $500,000
Interest (1 yr. @ 12% for half of total assets) 30,000

. Total Initial Investment $530,000
Anortization (15%, 10 years). . .- . - ~$100,000 - © - -
Variable Gostsv: Sovooie w0 75,000
Transportation Qostss -~ . .. - - . 36,000

Breakeven Revenue requlred - $211,000 .
to attain-a 15% ROI) _ k .

Breakeven sellmg Pr:.ce mqulred o $ 14l persq ft.

Average prlce per board foot . PR
. (based upon Honolulu prices) - ¢ RS 197
Variable Costs . (per board foot): - - U
Energy for heat S R
(based upon Moore Int'l Kiln. e e
‘specifications and direct energy" Lo
’ costsof$3mbtu/hr) L .28
| Other productlon costs
*(based ‘upon operators at - ,
1.8¢ and other expenses = . R e
‘at »’l‘.0¢ per-board foot) =~ . 2.8¢

(Hz.lo—Pahoa-Hllo) e 282

N ‘Ibtal Var:Lable Gost L T.ag
Klln and Set-Up DT | $200,000

Bulldmg and other fixed and T
: current assets -7 300,000 C

' Total Investient =~ o +$500,000
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Amortization of the initial investment at
15% (including a 15% return on equity):

Years

20 L $ 80,000
15 R L 86,000
10 : : - . 100,000

Since there is some doubt whether enough koa timber exists to supply
Campbell-Burns for more than ten years, annual fixed cost is assumed to be
$100,000. The kiln will have little value after that 10-year period.

Approximate number of board = $100,000
feet needed to attain a 15% ROE  .085 - .074

= 9,090,910

Over 9 million board-feet of processing would be reqhired if an inde-
pendent business expected to attain a 15% ROI on the kiln operation. This
is more than Campbell-Burns can ever expect to mill in cne year. It is,
therefore, considered an unprofitable venture as a single enterprise.

Stimulation of sustained commercial timber production in Hawaii will
require two conditions: (1) Demonstration of w:.llmgness by the industry
to pay prices for timber that will make it a profitable ehterprise for the
landowners and (2) Demonstration by landowners that an adequate supply of
good quality timber can and will be grown on a sustained basis.

Although transportation costs and other difficulties would eliminate

the possibility of locating a kiln in Pahoa, Campbell-Burns may consider
locating such an operation at the present mill site. Further evaluation
may determine whether such an investment will increase the market value of
the product above the cost of drying. This strategy cohid also presént

potential transportation cost savings for the state-wide market.
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Conclusion

Availability of resourcéé:
Marketing potential:
Booonic visbiliy:
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CEMENT WALLBOARD PLANT ANALYSIS

Introduction

The cement wallboard industry selected for analysis is known as Bison
Board which consist of two basic building naterialsrz “ wood and cement.

. The resultant product is a board that is both lightweight and sturdy. The
product was first introduced in Germany and Switzerland where it was suc-
cessfully used in construction. Due to its success in the European market,
consideration was given to building a Hawaii based plant to meet current
and future demands for constrﬁction materials,

Bison-Werkes Systems, a German~-based firm, has manufactured cement
wallboards for a number of years. Negotiations are underway to locate a
manufacturing plant in the U.S., however, such a venture requires extensive
analysis of marketing and oconstruction trends as well as transportation
coét. Transportation was one of the major reasons for shutting down the
only manufacturing plant located in Atlanta, Georgia. The plant presently
markets the machinery and equipment required for manufacturing the product
but does not actually produce the wallboard.

Information was cbtained from Bison-Werkes System to determine the eco-
nomic viability of locating a geothermal cement wallboard manufacturing
plant at the industrial park.

A 50 m? (1000 sheets 4' x 8', 5/8"/day) plant was conceived for the
park. The requirements are as follows:



Raw Materials

Cement (Portland-type cement): 730 kg per cu. meter (11,500 mt/yr)

e L o Current price:
*Wood: 270 kg bone dry/m’ (4,200 mt/yr)
et current price: $30/ton
Chemicalss 1,500 kg/day .

~ current Price: 10% of cement .

$pace and Building Requirements

Site: 25}000 square meters

$88/ton

Buildings: production area - 2000 m2 per § m high’

storage area - 1500 m2 per 5 m high

. chipper room - 100 m?

' . .. boiler house - lSO_mz_

Energy Requirements

Electric consumption: 250 kwh/m3 (3,500 mub/yr.)
Heat consumption: 400,000 kcal/m> - (6.5 billion Keal/yr.)

Water comsumption: 2,000 1/m3 (27,000,000 liters/yr.)

Annual Transportaticn Costs

Cement: (Honolulu - Fahoa) .~ $237,884
Wood (various local sugar rd;i.lls) . 25,494
 Chemicals (Honolulu - Pahoa) 12,458
Cement boards (Pahoa - Horolulu) - $138,888

$414,720

- * Wood chips or bagasse
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Availability of Resources

- A cement wallboard plant requires several raw materials: -wood chips,
limestone, gypsum and silicon sand. The island of Hawaii being younger
than both Molokai and Oahu, lacks limestone deposits which is the main
ingredient (80%) found in cement. Therefore, all the cement would have to
be imported fram Honolulu due to the lack of a cement plant on the Island
of Hawaii. However, the Island has an abundance of wood chips and bagasse
with over 569,000 acres of commercial forest land and over 583,000 acres of
non-cammercial forest land. The various sugar mills cambined have an
annual output of bagasse in excess of hundreds of thousands of tons.

Marketing Potential

At the present time, there is no direct marketing information on cement
wallboards because it is relatively unknown to the local construction
industry. However, if introduced, it is expected to directly campete with
plywood which has an approximate current demand of approximately 560,000

sheets (4 ft. x 8 ft.).
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BREAKEVEN ANALYSIS

- Output: 1,000 sheets (4'x 8', 5/8") 50 m>/day

Total Assets , | / $10,500,000

Interest during construction (12%) 1,260,000
Total capital cost -~~~ - $11,760,000 -

mortization (25 yrs. @ 15¢) $1,819,272

Amual Varisble Cost: . o
Operating & Maintenance S '3,.6()0,000

Transportation . ' 415,175
Breakeven Revenue Required $5,834,447

Breakeven selling price (based on :
a 300 days/years operation) $19.44/sheet 2
, T or $0.61/ft.

- Hawvaii selling price of plywood  $18/sheet or $0.58/ft.2

Differential Cost Analysis

Heat Requirement: 6.5 billion Kcal/yr.

Geothermal ‘FoSsil Fuel Geo-Savings
Cost/MBTU o s2.67 $7.46 $4.79
6.5 billion Kcal/yr. $68,860 $192,393 $123,533

Summary of savings/lbss for locating at Pahoa vs. Honolulu:
Energy: © $123,533 -
Transportations ($415,175)

Net Savings (Expense) © ($291,642)
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The economic analysis indi'cat-eérmat the cost of transporting both the

raw materials and the finished product between Pahoa and the market in
Honolulu makes this process J.mpractlcal for the industrial park at Pahoa.

Currently, the bllMMs and conditions exist:

1. All the cement and chemicals are shipped fram Oahu.

2. Most of the finished product will have to be shipped back to Oahu.
3. ‘There is no large market on the Island of Hawaii.

4. The product is virtually unknown in Bawaii.

Conclusion

"Availability of Resource: Good

Marketing Potential: o Unknown
Ecormic‘ ‘Viability: Non~-competitive

Conditions are inappropriate for locating a cement wallboard plant in
the industrial park.
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AQUACULTURE _PRODUCTION ANALYSIS

= Introduction‘

 Iocal leading experts'in the field-of aquaculture on Oshu were'
contacted, including Lowe, Inc., Nui Nui Farm, and Astro Famms.

Both tilapia and prawn (M. Rosenbergii) production were chosen as’ |
leading candidates for analysis because of current experienucesﬂoflrlocal‘ )
firms. V1tal mformatlon such as._ 3 i o N

. -yzeld per acre <v | 7
- harvest per year | )
- optum:m and cr:.t:.cal temperatures
| "V-env:.romnental hazards |
gmwth patterns E
- product:.on cost
- - mrketmg information and -
- others ’
were cbtalmd to determme the viability of locating an aquacultural farm at
the industrial park. The analysis included an evaluation of: -
- soil conditions at the-site -
- construction,‘cost |

e -'narketing potential

Soil Condition:

The soil at the park site consists of clay loams which are widely used
in sugar c.lltlvatlon. Bedmck rangmg from the surface to depths of ) .

approxmately a ﬁoot are also ﬁound in the area.
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Since the soil is too shallow to allow ccmpietek excavatidn of the
pords and excavation of the bedrock is extranely expensive, the berms would
have to.be built up from the surface of the soil to provide the required
depth. It was assumed that some a'a lava material would be available

elsewhere on the park groundsr for the berm construction.

Construction Cost

A camplex consisting of twenty half-acre ponds in a rectangular afray,
separated by 18 foot wide shoulders and capable of bearing wvehicular
traffic is examined, Each pond would measure five feet in depth with the
water level at 4 feet. Information cbtained from the local Marine 2dvisory
Program suggests using a water flow between 15-25 gpm per acre.

The following costs were estimated for the 1l0-acre aqi:a—fam:'

Geothermal Existing

_(Bawaii)  _(Oahu)

Clearing and grubbing $ 48,200 $ 10,000
Pond excavation o 250,000 50,000
Shoulder construction » 165,000 20,000
Importation of shoulder material 158,750 =0-
*pond lining materials 433,000 -0-
Fencing - 30,600 30,600
Total - $1,085,550 $110,600

The oonstruction cost per acre is $108,585, much lower than the esti-

‘mated cost of constructing camparable tanks as shown below:

* Due to the high permeability of the soil, it is assumed that lining is

required.
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SUMMARY OF QOSTS - ONE ACRE OF AQUACULTURE TANKS

Concrete Tanks (8 tanks, 55' x.100', water depth 3 feet)

Clearing and grubbmg o S $ 5,650
Roadfill/foundation mater:.al 41,850
Tanks , o » 121,080
Concrete $61,890
Reinforcing rods 47,560
Hollow tile 3,730
~ Labor 7,900 S SRS
Fence , 10,420
$179,000

Doughboy Tanks' (130 tanks, 24° dlameter, water depth 3 feet)

Clearmg and grubbing $ 11,030
Roadfill/foundation mater:.al Crennro e 81,680
Tanks ) _ 94,760
. Materials $ 8,80 - - R
Labor and transport 8,900 '
Fence | 14,560

$202 1-030 '

Corrugated Galvanized Metal Tanks (48 tanks, 40' diameter,

~ water depth 3 feet)
Clearing and grubbing | - $ 9,560

Roadfill/foundation material S0 70,800
Tanks . | - 166,750
- - Materials $159,750 T e LR
Labor and transport 7,000
Fence G 713,620 -
$260,730

Fiberglass Tanks (384 tanks, 12' diameter, water depth 4 feet)

Clearing and grubbing A $ 9,870

- Roadfill/foundation matenal ) ' 73,100
Tanks o | 629,760
Fence _ 7 - 13,860
$726,590
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BREAKEVEN ANALYSIS

Species: Freshwater prawns (Macrobrachium Rosenbergii) -

Yield: , 0-4000 lbs./acre/yr.

Optimum Température: TI°F
Facility

Annual yield @ cptimm condition
Construction

Land purchase

Total capital oost
Interest (1 yr. @ 12% - 1/2 TA)

Total Investment
Amortization (30 yrs. 15%)
Variable (ost:

' Energy
Production
oM

Annual Revenue required to attain 15% ROI

Breakeven selling price
Current selling price

Breakeven selling price assuming no
charge for energy
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20 haif—acre ponds
| 40,000 lbs.
$1,186,000
120,000

- 1,306,000

78,360

. $1,384,360

210,838

200,000
21,300
45,000

$ 244,300

477,138

<

11.92/1b.
4.50/1b.

W

$ 6.92/1b.



" BREAKEVEN ANALYSIS

Species: - Tilapia (Sarotherodon) .

vield: "~ 0-20,000 Ibs./acrefye. - . . -
Optimum temperature: 81°f‘ ’ _, e

Facility | 20 half-acre ponds
Annual yield @ optimm conditions ~ 200,000 1bs.
Construction R i T $1,186,000
- Land purchase (12,000/acre) ~ - g i b 120,000 |

Total capital cost = Yo 1,306,000
Interest dunng construction (12%) ... ... . 156,720

~ Total Investment L ... $1,462,720
‘ Amortlzatlon (30 yrs 15%) R .. 210,838 |
Var1able Cost: | R
‘ E‘nergy SRR L R o - 200,000
~ Production - v o 0 . o 20,000
oM o SR e 45,000
Tiometal o | -~ 265,000
Breakeven revenue required SO o S B 475,838 o
Breakeven selling price” ~ - g 2.37/p,
Current price . R "h$""j"1‘.8(')/1b.' -
Breakeven selling price required withmo o Sl
charge for energy R 0§ 1.38/1b.
‘ Results from the econom:Lc analysis mdlcate a hJ.gh dlfferential price
which is above and beyond what the market will bear. The extremely high
‘breakeven price cbtained is primarily due to the following reasons:
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- High construction cost for earth work required in that area.

- Transportation cost incurred

- Cost of energy exceeds by far the potential yield or benefits
derived fram utilizing geothe‘mél energy. |

- High cost of land lease.

_,Unless.the energy required can be cbtained at an extremely low cost
(hegotiable, if the park cascades the energy, in which case, agquaculture
would be the end user) and the construction costs are lower, aguaculture is
not recarménded as a viable industry for the park.

The ’aéuaculture industry in Hawaii is comprised of both large and many
small scale operations, the so called "back yardk q_ierations".

Although the demand is proven, aguaculture can be a very unprofitable
and risky business. This holds especially true for the large farmers with
a sizable investment vhere a disease or the wnexpected could inflict heavy
losses. This problem coupled with a high operation and maintenance cost
makes aquaculture a very delicate business. However, a small backyard type
operation will generally fare better due to low overhead and the amount of
time dedicated to the business.

Conclusion
Availability of Resources: Assured
Market Potential: Sound for Prawns; doubtful for Tilapia

Economic Viability: Uncompetitive
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Summary of Potentlal Industry's Eoonomlc Analys:.s

The analyms of all potentlal mdustrles md:.cate that although many of
the industries appear attractlve, only the ethanol plant, and the papaya '
processing plant were suff1c1ently ccmpetltlve to warrant further analy515. '
In add:.t:.on, although the cattle,.ﬁeed mill was Judged to be only m_angmal
in economic viability, further analysis was recammended because of the
large amount of locally available raw material consﬁered to be a waste or
byproductmﬂzesugar mdustry Asmrmaxyof the conclus:.ons 1sshownm
Table 4.7. | 8
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Potential

Annual Net Savings
Market by locating in Commercial Park

Ethanol

Cattle Feed Mill

Papaya

Leucaena Protein
Recovery

5y

Kona Coffee Processing

Lumber Kiln

Cement Wallboard

Aquaculture

Research Laboratory

1,142,043

714,638

27,958

/A

8,846

15,520

123,533

N/A

Availability Market Economic Breakeven
of Resources Potential Viability Selling Price
assured high competitive  $1.06/gallon
' t
assume available good in marginal $122.50/ton
Japan: .
assured relative competitive 36¢Ilb fresh
27¢/1b. puree.
$1. 75/lb. dried
very doubtful very good marginal $285.67/ton
downward trend assured unproven $7.33/1b.
deficient unproven uncompetitive $.14/sq. ft.
assured unproven marginal $.78/sq. ft.
assured good for uncompetitive $11.91/1b. prawns

prawns

doubtful for

tilapia

Summary of Initial Economic Viability

Table 4.7

$1.95/1b. tilapia

Comments

Appears attractivewith good
market potential for commercial
park primary/anchor industry.

Although marginal, believe to
have sufficient got_ential to
evgluatg and analyze further,

Because there is room for growth
in the {ndustry and market
indicators are positive, process
is selected.

Although economically marginal,
the process is marginally
attractive, the feedstock
availability in the Puna Dis-
trict is very doubtful, there-
fore not recommended.

Because of downward trend of
resource availability and high

selling price r uired. rocess
not se egted o P

Over 9 million board feet of
processed lumber needed to
attain 15% ROI on kiln oper-
ation. This exceeds koa
Tumber supply.

This process is proven, how-
ever, cement wallboards are
relatively unknown in the U.S.,
specifically the construct-
jon {industry.

Process not cdmpetitive because
of high production costs. not
selected

Not intended to be an economi-
cally productive entity.




" CHAPTER 5

Introduction

After 1dent1fymg those i.ndustries that are ecomtnlcally v:.able in an |
mdustrxal park near Pahoa, it 1s possible to deduce how the park might
appear. This chapter is a descr:.pt:.on of that concept of the industrial
park. "Ihe concept as descrlbed here was. the ba515 for dlscussion between
publlc offxclals, concemed c:.t:.zens, potential mvestors, environmental
and sociologl.cal experts and other interested part:.es. o
- | The site just cuts:.de of the Kilauea Volcano east r1ft zone was
‘selected to denmstrate the feas1b111ty of such an mdustrxal park sn:e
usmg d:l.rect. geothemal heat in industrial processes. anac, Inc,, the
landowner, authonzed the use of thls s1te "'for study an:i analys:l.s purposes
only“- no- other authorxzatlon was nnpl:.ed.,_ From the analysxs, extensive
‘ mformat:.on vas developed that could be used by developers to plan, bulld
and operate such an 1ndustr1al park or park., at several locatz.ons near

Pahoa .

.:Park ‘Concept~' e v .
- The conceptualized industrial park would initially consist of:
©“Bn ethanol plant capable of producing 20,000 gpd of fuel grade
-7 ethanol ‘and ‘other: energy -products including 10 M4 of electric power.

The principal feedstock requirements are 280 tpd of bagasse and ‘-
340 tpd of wood at 50% noisture content., '

- A feed mill capable of producing 240 tpd of a roughage camponent for
cattle feed using 600 tpd eugar cane leafy trash at 70% moisture.
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- A papaya processing facility capable of processing:
13,000,000 lbs./yeér fresh fruit
5,000,000 lbs./year puree
880,000 1lbs./year dehydrated snacks.
- A research laboratory that would as‘s‘istl: with the develognent of
other ‘industries including some of the other processes evaluated

““The park would contain several contigu:ius industrial plots at approxi-
mately 6 acres each. If feasible, the process stesm could be cascaded or
reused. However, this concept will have to evolve; at this time, it does
not appear feasible to attempt' to market a site for a process that would be
dependent upon steam cascaded or made available from another process that
might not survive. A' ~ | D

' An artist's conception of the park is shown in Flgure 5.1.

" As illustrated , the proposed park vould be eventually surrounded by a
silvi-culture energy tree farm development that would pt&me feedstock for
the proposed ethanol plant. In addition, the energy tree farm would v‘pro-
vide separation between the industrial sites and residential areas.

Two geothermal resource scenarios were evaluated in Chapter 2; one with
a 25 MW electric power generating plant and ‘one with only the direct heat
applications. However, the final concept of the park does not include
a separate 25 MiWe power plant because the purpose of -the study focuses

on direct heat applications.



Figure 5.1 Artists's conception of the industrial park




Lo | : | -

The land requirement for each industry totals approximately 6 acres.
Initially, five to six industries were planned (see Figl.xre 5. 2)k, however,
only three ard a research laboratory were f:mally selected. Each has been
allocated 6 acres for a total planned acreage of 24 acres with an addi-
tional 24 acres Vfor expa_nsion. : _

Access to the mltlalsz.tewasfranthe Pahoa-Kalapana road opposite.
the Leilani Estates residential subdivision. A bypass road which is in the
final design stages pendmg vmmity acceptance and gcverrmental funding
has been p:'oposed to divert heavy traff1c around Pahoa 'Ibwn

‘Due to the st::ong cppos:.t:.on at early publlc mformatlon meetmgs to

this initial site and the o_orrespond:.ng heavy truck trafflc, mtpl:.ed, the
| proposed- site was shifted approximately 3 miles due north of the orlgmal
site. Access to this new site vould be via the Pahoa Solid Waste Foad
which would mmmu.ze the nnpact of" trafflc and noise, |

Land costs for study purposes were based on the mrrent sellmg price
of mmlproved land near the proposed park site. A cost of $12,000 per acre
for fee simple agricultural land was estimated.
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Geology

As discussed previously and in greater deta11 in Append:.x A, a substan—
tial geothermal potentlal ex:.sts in the east nft zone of the Kllauea .
Volcano. The high potentlal zone md1cated is greatest near the HGP-A
well. However, tm.s is bel:.eved to exist as far west. as Helhelahulu which
11es about 2 miles west of the proposed well site. 'Ihis zone is about 2
miles w1de‘, and the resources arerllkely to be found af'-, depths 2to3
thousand feet below sea level - |

Ihe specific dr:.llmg s:.te was selected ats. |

1. A locat:.on within a geothermal armaly known as q:1h1kao

2. An elevat:.on greater than the industrial park, thus elmu.natmg

the need for pumping.

Clearing, Grading and Fencing
'meproposedparksiteisdenselyvegetatedbytreesarﬂh:opical

shrubbery. Being located on a relat:l.vely recent lava flow, the terrain is

somewhat jumbled and w111 require extensive grading. Site improvements

including clearing and grading, excavation and backfill and providing for a

drainage system are estimated to cost $921,000.

Existing Access Road

Acoesshothe;roposedsitebywayofmepamaSolidWasf:emadsm,

on Fz.gure 5.3 is approximately 2 miles fram the lnghway.
a. The SOlld Waste Transfer Station is approx.unately 0. 7 m:.les fr:cm

the highway where the section of road is 2 l_anes, approxlmately 20

feet wide and asphalt surface. ’
b. Approximately 1 mile beyond the transfer statlon, the road is one

~ lane 10 feet wide,. asphalt surfaced; sight distance is poor.
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c. The remaining distance to the site is a gravel cane haul road
approx:i.mately 1_0 feet wide.

Required Road Irgprovements ,
Itlsproposedﬂmattheemstmgroadbemprovedtometcounty

standards. ,Fl:st, the section of road .7 mlles f:un the h:.ghway would be
widened to 24 feet and a 2 inch asphalt-concrete overlay added. The next
1.0 miles will require a new pavement-;s',ectiv.‘onu‘lfl. feet wide and the final
2,500 feet shich is presently unpaved, will require a full 24 feet wide new

pavement sect:.on  These road improvements are estimated to cost approxima- .
: tély $900,000.  Other road transportat:.on improvements and concerns will be

'addressed in Chapter 7.

Electric Power Service

S

A map of Hawaii Electric Light Company's (HELOO's) electric distribu-

tion system in the Pahoa area is shown in Figure 5.3." A 34.5 KV line
extends out to Pahoa from Keaau to the Kapoho SUbstétion just east of the
town in the Lava Tree Park area. From there, power is distt'ibuted via
12.47 KV lines to the various subdivisions. Along the Pahoa-Kalapana
Highway (State Route 130), the capacity of the line is 34.5 KV, although it
is currently energized at cnly 12.47 KV. According o the HELOO engineers,
this lmeoouldeas:.lybeupgradedtoMSKV, and could thenservethe
1ndustr1al park if the total power consumptlon-were l:.nuted to about 5 MW
~or thereabouts. Construction of a 5 MVA substation is requlred at the park
_entrance cn a site to be provided by the park deVeioper (about 10,000 to
15,000 square feet) . The park developer ;Jould Presumably pay for the
substation but pr:ofaably mot for the upgrading work along the Pahoa-Kalapana

Highway.



t

The situation is different when it is anticipated that the ethanol plant
would be sized such that i,t.;would be capable of: generating 10 MW of power
~in excess of the power that would be consumed by the other industries in
_ the .park.. However, the substation would have to be sized for the worst
case, which is whenthe full output of the ‘ethanol steam plaht is exported
to the grid.. In this case, the power requirements of the entire Puna
District would be exceeded (if Puna Sugar Company is excluded), and there
would be a net exportofpowertoKeaau and Hilo. One additional factor to
‘be oonsidered is the proposed arrangement .to be negotiated by the ethanol
plant developer with the Puna Sugar Company to provide power in return for
the bagasse provided as feedstock for the ethanol plant, HELCO is
. presently unable to determine how this would affect the Pahoa area system
until a more detailed load study could be made. The possibility of
. -upgrading the 34.5 KV transmission line running between Keaau and Pahoa to
69 KV;:was,suggested.‘ In this case, the question of who would pay for the
69 KV is a camplicated ane which will depend cn whether the action would
primarily benefit the park or improvements in the overall quality of ser-
v:.cemuldberealizedﬁorallusersinthearea. .Arecentczsewascited
~ concerning the chokaa Sugar Mill, in which a power-supply contract was
negotiated, in that case, I-bnokaa assumed the costs of transmiss:.on lme
‘ upgrading. | | - o | _

o Another mportant issue 1s the pricewhthEL(I)wouldpay ﬁorany N
powerexported to thegrid bythe mdustrial park.‘ ‘Ihiswould depend pri-
marily on whether the power is to be supplied ona firm capacity, firm
'energy, standby ar dump basis.‘ Past experience with power-supply A
contracts negotiated between HELCO and the sugar canpam.es ind:.cates that
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‘the fimm supply prices are significantly higher than standby or dump. The v
price would have to be less than the utility's oil-fired ‘electricity (from
HELCO's viewpoint). The Public Utilities Commission, under the recent
PURPA and State rulings, would ultimately determine the fair rate to be
charged. At this time, it is estimated for study purposes that power would
be priced at 60 mills: |

Power distribution within the ‘industrial park would be via a'12.47 KV
transmission line extending from the substation at the park entrance to the
water well (a distance of about 4,000 feet).

Estimated costs are as follows:

.10 MVA substation - $750,000
Park transmission line - $40,000.

| - Cost of upgrading portions of HEICO's network, if required, and whether
the costs are to be borne by the park developer, is not known at this time.

Water Supply

The water r.equ:.rements for the park were est:.mated at 250, 000 gpd

'meprmrywater sumlyinthepatDaarea J.sthePahoaDeepWells,
located south of Pahoa along the Pahoa-Kalapana nghway. There are
currently bno wells pumping water at 600 gmm into a 300 /000-gallon reser-
voxr located about a mJ.le south of the town at an elevation of 827 feet. A
third well mmenﬂybeuxgdevelopedmthemrttmest s:.deofthetown,
wh:.ch mll ultimately feed an addltlonal 700 gpm- to the reservou:. The
safe capac:.ty of the system would be based on the oldest pump (350 gpm)
being out of ccmm.sslon Oounty water rates for the area are currently
65 cents per 1000 gallons 'Ihe new 700 gpn well is bemg developed to
serve the anticipated future needs of the State agricultural park expansion b
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(Phase II and’subSequent expensions), as well as the subdivisions in the
area which are now on catchment systems. The Department of Water Supply

- has future plans to connect the Pahoa and Ola'a water systems, fnwe?er,
authorization is pending. Pahoa uses 'an""'avefege'of: 200,000 gallons per day
(140 pgm) -with maximum demand at ap'pfoxmatelyam to 400 thousand gallons
per day (200-300 gpm). The industrial park at 250,000 gallons per day (175
gpm) would more than double the present water demand of the town.

Three alternative plans for an industrial park water supply were
prepared. ‘These plans and their teSPeCtive estimated costs are sumarized
in Table 5.1. Alternative ITI, a private system was selected; the location
. is shown on Figure 2.1." The mst/looo gallons for ‘the vater provided by
this system is developed belows -

Cost of water facilities: $943 000

‘Amortized costi assume 20-year life, 12% cost of uoney, capital
recovery factor CRF (20 12%) = $0 134

0 134 x $943 000 = $126 362
o & M costs, at 2% of g:oject cost-
0.02 x $943,000 = §$18,860
}'thalammaloosts o sus,222
System desxgn average water supply.l 250,000 gpd
Annual water supply = 250,000 x 365 days - 91 250,000 ga.llons e

Cost per gallon = § 145,222
( -7 7691, 250,000

- =.$0.00159 per gallon
Cost per 1000 gallons = 1000 x $0.00159 = $1.59/1000 gallons

)
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Table 5.1 - Industrial Park Water Supply Alternatives-

Alternative I: Utilize Departmeht of Water Supply System (DWS) - &'j
a. Increase p.mpmg capacity of DWS wells by replacing the older 350
- gmm pup with a 650+ gpm pump.
~b. - Mda booster pump at the existing 300,000 gallon tank to pump
water to the industrial park site.
c. Construct a 500,000 gallon reservoir.
d. Ingtall.a 6" diameter pipeline to the new reservoir.
e, Install a_lZ'f and 8" diameter transmission line for park water
_distribution. ,, o :
£. Install‘ 6 fire hydrants along the park access road @ 300" separation.
Estimated Cost: $1,162,000
Alternative II: Private System
a. Construct new well south of the DWS wells at the 740°' elevation.
b. Construct a 500,000 gallon reservoir. |
c. Install a 6" diameter pipeline to the new reservoir.
d. Install a 12" and 8" diameter transmission line for park water
distribution.
e. Install 6 fire hydrants along the park access road @ 300' separation.
Estimated Cost: $1,199,000
Alternative III: Private System | |
a. Construct a new well at kl,lO(:)' -elevation.
b. Construct 500,000 gallon reservoir adjacent to the well.
c. Install a 12" and 8" diameter transmission line for park water
distribution.
d. 1Install 6 fire hydrants along the park access road € 300' separation.
Estimated Cost: $943,000 b

Recommended Plant: Alternative III
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Wastewater Disposal

At this time, the exact hature of the waste’ streams from each of the
proposed irxiustries 1s mknown. | Therefore, the developer will be required
to provide for specialized chemical waste trea;:tlents of all toxic wastes.
For sewage, and Innocuous ihdustriai'water waste,_.sirrple oesspools; or
shallow (20 feet or so) injection wells for eachirdustty is recommended.
The anticipated 125,000 gallons per day of \aste vater from the ethanol
plant, for instance, arounts;to‘less than 90 gpn Cesspools are a common
practice in the area and on the Island in general because ouﬁ the high per-
mesbility of the soil.

The estlmated oost to each mdustry for a cesspool or shallow injection
well is about $1o,ooo; |

Cascading of Geothemal Heat

: The idealized concept for an industrial park is to have several pro~-
cesses arranged to use the heat in sequence. 'Ihose processes or portions
of processes requiring a higher temperature would use the heat first and
thesteamortntwaterfzuntheprocess outputwouldbeused agamm
}another pr:ocess having a lower temperamre requlrement. As ment:.oned
prev:.ously, tbis concept w111 have to evolve because it is unlJJcely an
mvestor would depend on a heat supply prcv:.ded l:y another mdustry at a |
favorable rate only to fmd somday the other mdustry is no longer v1able
or mable to provide the heat. ' ‘ -
Aoonoeptual cascadmg flowd:.agramisshowanigureS 4. 'Papaya is

the burdened px:ocess because its heating requirements are less than the
other two industries. A varying annmt»would be required by the research
laboratory. | S

5-13




yL-s

CATTLEFEED
MILL

ETHANOL
PLART

DRYER I
(325° F)

Rl

FROM PROPOSED WELL (hoo® F) |}

WET OXIDATION
(hoo® F)

!

SENSITIZATION
(360°F)

HYDROLYS]

8 II

: (360°

1

HYDROLYSIS I
(324° F)

RECTIFICATION
(212° F)

PAPAYA
PROCESSING PLANT

Figure 5.4 concqptual Cascading Flow Diagram

| o
A DRYER -
(250° F)
I |
| ABEPTIC '
PROCESS
| ‘ (gls' F)
|
I
|
| . 2
| | rrEsH packina
(110° F)
' —
N
B IO R R
L




Summary
The concept of the industrial park has been described for study pur-

‘, poses. It has been sited on a 50 acre plot within an 800 acre area of land

authorized by Amfac, Inc. Utilities, access and improvements have been
evaluated. A nearby potential geothermal resource is considered available
and hazards from earthquakes and lava flow have been addressed. The pro-
posed park site was relocated in response to dbjections from residents of
the nearby Ieilani Estates and to minimize cbjections to traffic congestion
and trucking moises. The new site is also outside the rift zone.
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'CHAPTER 6

ENGINEERING EVALUATION & ECONOMIC ANALYSIS

Introduction

Only three processes survived the initial test of economic viability.
They ares: ‘ ‘ o

= an ethanol-plant -

- . a cattle feed mill. -

- a papaya processing facility.“~

All other processes were dlscarded from further analysis as a result of
.one or more of the ﬁollowmg reasons, the availab1lity of raw matenals,
the prospectlve market potent:.al and the overall economc v1ab111ty of the
mdustry In thls chapter , a detailed engmeermg evaluat.ton and a

tmmughecomucanalyslsforeachofthethreeprocessesaredescnbedm

separate sectJ.ons
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PART A: ETHANOL PLANT

Introduction | o

The ethanol prodﬁction pla'nt analyzed in this study is based on the
University of California Forest Products Laboratory (UCFFL) proprietory
procesé,_which ‘uses lignocellulosic feedstocks. The proponents of this pro-
cess claims the following advantages:

. = Utilizes the world's most abundant biomass material,
lignocellulose, the wegetative part of plants, as feedstock.

- Includes a highly exothermic process that chviates the need for

fossil fuel. »

- 'Feedstock is wken to extmct:.on w:.th no waste matenals produced

- au pr:oducts of the g:ocess areuseful energy sources.

- The process is envucmentally bem.gn.

- ’Approxmately 80 percent of the energy contalned in the feedstock
is recovered as energy products. 7

The UCFPL process concept includes a highly exothermic wet cncidetion
stage, an endothermic fermentation stage and several distillation stages.
Although this process to date has not been fully demonstrated in a commer-
cial plant, the process components are in commercial use and believed to be

campatible.

GENERAL PROCESS DESCRIPTION

The UCFPL process is designed to accept lignocellulosic feedstock along
with other feedstock comprising of starches, sugars or combinations of
these biomass materials., The feedstock is subjected to dilute acid hydro-

lysis to convert the cellulose and the hemicellulose material to sugars.
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The sugar solution, aftervéértain}purification stéps, is then fermented
with yeast, .using conventional equ:.pment and techm.ques. The 'resultant
beer is dlstllled to produce ethanol: of ‘the desired purity.

- Lignin residue from the ac1d hydrolysis stage, crn@rlslng 20 to 30% of
the dry weight of féedstock, is taken to wet ox1datron, where 1t is oxi-
dized to produce organic acids and methanol The cmganic acids can then
be methanated to convert them to methane The wet cxldatxon process is
highly exothermlc. ﬂhermal energy produced at this stage is used to
generate steam to sugply heat to other process stages . and the surplus is
used to generate electricity The process is descrlbed graphlcally in

Flgure 6. l.

i
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Ethanol Process Flow Chart.
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‘Converting Lignocellulose to Sugar

Bagasse is smular to other ligmcellulosm materials and c:mposed
mostly” of polysaocharides comprised of linear chains of certain
' monosaccharides. The monosaccharides mclude both hexose and pentose that
canbefemxentedtoaloohol S

'me bonds that link mnosaccarides into linear chains found in ligno-
cellulosic material are called beta—glyoos1d1c linkages. 7 In starches ﬁound
in such p:'oducts as oorn or wheat, the mnosaccharides are bonded by alpha-
glycosidic linkages. Both types of lmkages are ﬁonmd in the plant during
biosynthesm by the elimination of a mlecule of water for each bond that
s formed In order to cnnvert the polysaccharides to mmsaccharides '
which are soluble in water, a nolecule of water must be added back to each
glyoosidic bond that has been formed 'Io acocmplish this w1th either the
polysaccharides in bagasse, or starches in products such as oorn, a cataly—
tic reaction lmown as hydrolysis is used.

Hydrolysis requires a catalyst that can be either an enzyme or a hydro-
gen ion. Oertam enzymes, for mstance those found in certain grains,
specific for “the hydrolysis of alpha—glyoos:.dic linkages of starches that
are typical of grains. Similarly, other enzymes, .g. those found m o
certain fungi, are specific for the hydrolysis of the beta—glycosidic -
linkages of polysacchar:.des found in lignocelluloses. m the other hand, |
the hydrogen ion is not specific and w111 catalyze the hydrolysis of both |
types of glycos1dic lmkages. Ebr this reason, a hydrolytic system ut1- 7-
lizmg the hydrogen ion as catalyst is czpable of hydrolyzing the poly-
saccharides of all feedstock materials, whereas, a system nelymg on enzy-
mes can utilize mly polysaocharides of feedstocks that are specifically |
cleared for the particular enzymatic system used,
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Hydrolysis requires that the agueous borne catalyst - cames . into intimate
contact with the sol:.d surface at the pomt of each lmkage oonnectmg
monosaccharldes in the lmear cham. In the case of llgnocellulosx.c B
material, th:.s requires penetratlon of a hlghly camplex laminated ’
kstructure. The hydrogen ion 1s_ able to penetrate this structure due to
its minute size. Enzymes, being large-protein nolecules, cannot penetrate
and ‘reach all lmk:ages w:.thout a pretreatment of the feedstock material.
Enzymatlc hydmlys:.s systems, typlcally requ:.re pre-treatment that usually
"removes a portlon of the lignm and reduces partlcle s1ze S0 that all
lmkages in the remalnmg polysaccarldes are rendered ava:.lable to the
catalyst mvolved Such pre-treat:nent stages can be expenswe and heavily
energy dependent. Enzymat:.c hydrolys:.s of wmaltered: l:.gmcellulos:.c
material, therefore , generally results in poor _rates of hydrolysis and low
'sugar yieldsﬂdue to the inaccessibility to thek enzyme of ‘a majority of the
bonds linking the monosaccharide wnits.

Various acids may be used to provide the hydrogen ions required to
hydrolyze the monosaccharide bonds and provide sugar solutions for a fer-
mentation‘ industry. Acid hydrolysis to convert wood to sugars for ethanol
fementation was used extensively by Germany in both World wars. During
peace t.tme, the low price of oil discouraged extensive research o improve
these old p‘:ocesses. With the world-wide enexgy search focusing on alter-
nate sources, remvestlgatlon of these proven processes has resulted m
mpmvements and updated technology that is efficient and eoonam.cal. In
gener:al, two types of processes have been used; i.e., dilute ac:.d hydroly-
sis and concentrated ac1d hydrolys:.s. Ooncentrated acid hydrolysis can be
carr:l.ed out at amblent tanperatures, however, it requires elaborate acid



recovery steps with attendant dangers, ocmplications and costs. Dilute
acid hydrolysis requires higher pressures and temperatures (150 C anc‘l
higher), but the low acid requirement elinu.nates the need for a difficult
acid recovery step.” The UCFPL process “uses dilute acid hydtolysis to con~
. vert the polysaccharides in the wood (or bagasse). feedstock to ‘their

“-constituent sugars. -

Process Steps

Raw material (bagasse, supplemented w:.th other available ‘lignocellulo-

sic mterial) is s:.zed by hanmermilling and then ‘subjected to air
‘elutnation or magnetic collectors to remove extraneous finorganic material
‘suchastrampmtalandsand Othersuchextraneousmatter@nberenmed
: by centrifugatwn or sedimentation procedures at later points in the
process. - T L RO N ERAUE T

Stage I Hydrolysis is carried mt in a pressure vessel.. 'Ihe, raw

r'rrmaterial, s:.zed and c.leaned 2 is introduced w:.th 1ts attendant moisture oon-
| tent and dilute ac1d is added to it. The easily access:.ble polysacchandes,
mostly hemoelluloses, are hydrolyzed in thl.S stage and separated from the
other material ﬁor intmduction into the quuld Extraction No. 2. The
remaining naterial leavmg t'he separator is in friable particles in a
slurry 'nus oons1derable neduction in particle size is accanplished with
,‘very little mechamcal energy oanpared to the requirements to reduce the

. _original feedstock to this size. - . e ’

Sens:.tization and Stage II I-Iydrolyszls are carried out o hydrolyze ‘the

more maccess:.ble polysaccharides ¢ those not hydrolyzed in stage I. 'me
Sensitization step includes the addition of oxygen and acid to. provide an
acceptable pH and mcrease the rate at which cellulose hydrolyzes. The
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Stage II Hydrolysis is carried out at elevated temperatures in a pressure
vessel. . Hydfolyzate fran Stage II Hydrolysis may be introduced into
Sﬁgé I Hydrolysis to carry out reactions in that reactor, thereby
‘increasi.ng sugar concentration and minimizing the amount of acid required.

Liquid Extraction No. 2 may be required to remove from the hydrolyzate

any organic product that might act as an inhibitor in the fermentation
vessel. The organic product extracted in this stage may be treated l"as ‘é
“feed stock to produce various products, or added to the feed stream
entering either the wet axidation ot methanation stages. o

' Permentation of the sugar solution from the liquid extractor stagé is

accamplished by yeast in conventional equipment and with proven technology.
Rectification of the dilute ethanol stream from fermentation is

accamplished by distillation in conventional equipment and with proven
technology: Ethanol of the required purity is cbtained in this stage.
Wet Oxidation is used in a technique developed to cxidize the ligneous

residue from the hydrolysis stages. The process is highly exothermic, pro-
ducing steam in controllable amounts. The process can be designed to
maximize either the thermal energy proddced in the form of steam, or the
organic products. The organic products are converted to methane in the
‘methanation stage. The wet cxidation stage is one of the key elements in
the UCFPL process. Ligneous residue, an insoluble product of all hydroly-
sis processes using lignocellulose, has almost never been utilized to pro-
duce significant products. Although ligneous residues are produced in
great quantities by the pulping industry, nearly allof it is burned as
part of the fuel required in the pulping process. To produce significant
amounts of ethanol from a process designed to use lignocellulosic
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feedstock, it is an env1romnental and econmic necessity that the lignin be
converted to a valuable product. The UCFPL process is the first one
.capable of accanpllshmg ‘this on a large scale and does not involve the
inefficient prooess of drymg and cambusting the lignin in a oonventlonal
solid-fuel boiler. Methanation is used to convert the soluble orgam.c pro-
ducts from the wet oxidation stage, and the mfermented products frcm the
fermentation stage, mto methane. This is accanpl:.shed in conventional
equipment and with proven technology. Other products, m addition to
methane, are czrbon ledee and an aqueous stream ccntaming soluble
inorganics. 'me soluble inongan:.cs orlginate from morganic ccmponents
contained in t:he ﬁeedstock and the residual acid reagent (e.g.. nitrogen)
that provide soluble salts subsequent to the above sequence of processing
steps. '

Feedstock

'Ihe prcposed plant will be speciflcally des:.gned to use hgnocellulos].c
feedstock canpr:.sed of bagasse and wood FEedstock requlrements will be a
mn:umm of 140 tpd o an aven-dry (0 D.) ba51s, or approxnnately 280 tpd on
an as-del:.vered bas1$, assmm.ng naterlal as delivered w:.ll contam 508
water. Specif:.c feedstock mater:.al ind:.genous to Hawau were not analyzed
for this study however, exammation of the 11terature ;rovided data essen~-
) ‘tlal in approxmating 1ts chenucal canpos:.t:ion. Ebr purposes of tms |
B 'study, the analyses of wh:.te f:.r and bagasse presented m a recent paper by
b L. Brink and M. M. Merriman",’ "Potentlal for Pr:oducmg Alcohol from
Orgam.c Residues" is used. 'Ihe analyses as presented in the |

Brmk—Merrman paper are as ﬁollows
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Approximate Chemical Composition
(Oven. Dry Material)

nent - SR o Percentage
‘vhite
Fir = Bagasse
Cellulose J C 39 313
" Hemicellulose: Glucomannans - e
! ¥ylans (Pentosans) o 7.3 (27.1)
Aoetyl | | 1.7 6.0
Uronic Anhydr:.des 33 3.0 2
Lignin | 27.3 17.9
Extractives:  Alochol: Benzene 16 5.2
o Hot Water 2.0 6.6
Total 100.0  100.0

Ethanol Marketim

Aloohol fuels are sultable for use in many appllcatmns where 11qu1d
fuels from petroleum are now used. In Hawaii ¢ ethanol is a:rrent'.ly bemg
blended with gasolme to produce gasohol An ethanol plant production of
over?mllmngallonsperyearofpwerethamlmuldbeblended into 70
million gallons of -gasohol.

'me State of Hawau oonsumd 325 mll:.on gallons of gasolme (all
grades) in 1979, of wh:.ch about 130 million gallons (40%) were‘mleaded It
is pro:jected that in 1985, gasoline oonsmuptlon will agam be approxnnately
325 million gallons assummg the declines J.n gasollne oonsmnpt:l.on per
capita are offset by an mcreased number of cars. An est:.mated 195 mlhon
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gallons (60%) w1ll be unleaded grades, 'L'ne mcreasmg number of new cars
7 requirlng unleaded gasolme accounts for the J.ncrease ‘.

Projected sales of over 70 million gallons of gasohol would represent
'acproxmately 36% of the 1985 unleaded gas market of 195 mllllon gallons.
- 'Ims is ccns1dered a feas:.ble cbjectlve 1n the 1980-1985 t:.me frame.
I-ubl:.c acceptance of gaschol w111 continue to gmw and the price dlfferen-
tial with gasol:.ne should ocntmue tc ‘naxrow w:.th increasmg world prices
for crude oil and the decontrol of U. S. cr:ude oil p':ices. “ 7 .

As of Zpril 1980, gasoline prices at Hawaii's pumps range as follows:

. Cents Per Gallon -
GasolineRegular - l28.3

Premim . 189
Uhleaded T S 135.0
'*Gasohol- Premmn , B " 135 0

In August, 1978, the U S. Depart:nent of Energy s Alcohol E’uels 'Iask
Ebrce ooncluded that .. the hlgh cost of alcohol fuels relat:.ve to conven-
_t:l.onal sources of petrolemn appears to be the xtajor dostacle to widespread
ccmnerc:.al:.zation. | (Statement of Alvm L. Aln of the u.s. Department of

dEnergy before the S&ate Oamu.ttee on Energy ard Natural Resources ’
Subcomnittee on E:nergy Research and Developnent, Augl.st 8, 1978 ) At |
Etoday 's prxces, the State 'Iax Incentatlve muld make the p::l.ce of regular
' gasohol oompetltive with that of unleaded gasolme and lower than the
pr:.ce for premiwn. » ‘Ihe State 'l‘ax Incent:we w111 v:.rtually elmu.nate the
puxr@ pr:.ce dlfferential between gasolme and gasohol durmg the next few )

years ’ wh:.ch is the cr:.tlcal consumer acceptance per:.od. AR

*Reflects k4’¢/ga1. federal tax exemption and 4¢ Hawaii excise tax exemption.
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" Gasohol has been marketed in Hawaii during the last ten months.
Ethanol from Bellingham, Washington has been blended in a 90/10 mixture by
‘Pacific Reseurces, . (PRI) ard dlstr:l.buted by tank truck to seven ser-
‘vice stations. Gasohol sales are acpected to mcrease to over 2, 000 000
gallons per year w:.th ‘the nwentlve of the State 43 Exc:.se Tax benef:.t 7
which equates o a 5 cent per gallon savmg to the. consumer; The market
‘ ‘expansa.on potentlal appears lmu.ted only by the ab111ty to supply and
distribute ethanol.

" A major marketing effort will be required to increase Hawaii's gasohol
sales. It is likely that the present level of less than 1.0% of the
unleaded market share in Bawaii will increase gradually to 25% by 1983 and
then to a 36% share by 1985. GCommercial acceptance by ccmpeting marketers
as well as their gasoline suppliers is the major risk in attaining this
high market. It is estimated that gasohol would have to be supplied
through about 100 of Hawaii's 523 §asoline stations in order 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 Local
governments whose cambined consumption represents a s:.gmflcant port:.on of
Hawaii's gasol:.ne market. It is also expected that U. S. mllitary forces in
the State will give strong support to the Administration's gasohol program.

Statearﬂlocalgovenmentshaveixﬁlcatedstrongsupportformeuseof
gasohol in their wehicles since the production of ethanol locally t1es in
well to the sugar and agricultural industries and brmgs the State closer
‘ to 1ts goal of being more self-sufflclent in energy The Cbunty of Hawaii
will be supportive of a major efforttopenetrate the Islandof Hawaii

market. The five major oil campanies, who control most of the retail
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outlets in Hawaii, will need to be assured of supply, prlcmg, and consumer
preference. ~ The oil cnmpames in turn’ need ho convmce thelr dealers to
‘commit financial resources o convert certam pmnps and tanks to handle
gasohol. “This oould entail the phasmg out of one gasolme grade such as
“leaded premium where the mysical layout and’ mumber of tanks/pumps, limit
- the grades that can be narketed Some mmimal gasohol conversion costs
muldbemquiredatallmtlets. o B
The proposed pmcedm:‘e for sales and distnbut:.on of ethanol once the
Pahoaplantiscperableisasﬁollows N o
“a. 1sland of Hawaii Sales: Ethanol trucked to Hilo for blending in
pipeline from dlstillery to a gasoline terminal for storage before
" distribution to stations by tank truck.
“b.  Distribution to other islands: Shipped by barge jfr:anh’ilo to
& Bonolulu gasoline terminal for storage and distribution.
This marketing analysis indicates that the lower pr:i.cebef the locally
produced ethanol combined with unleaded gasolme ‘could boost the demand
for gasohol above 100 million galléns by 1985. |
‘It is estimated thatthePahoaIndustrialParkcanbeinﬁﬂ.lproduc—
tion by 1985. In that time period, the pos.;ib:.l:.ty ex:.sts that e or two
”Hawai:.an ethanol plants using uolasses as a feedstock may ‘also be in com-
4 ‘mercial production. However, for purposes of thl.s analysxs, that produc—-
" “tion was rot considered. The lower product:l.on cost of the ethaml‘pmduced
at the Pahoa facility should allow conslderation of entermg ‘both the
Japanese and Alaskan markets, - )
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Plant Site Area Requlrements and Elements -

"

'Ihe bas:.c ethanol g:'oductlon plant conceptual s:.te layout is shown on
Flgure 6 2. The detail of the raw ntaterlal mload:.ng and storage is shown
in Figure 6.3_. ‘The ‘everall dimensions of the ‘initial plant site are 620
feet by 400 feetcr 248,000 square feet (5.7 acres). As shown on Figure 6.2,
- additionalAO feet by 620 feetand 60 feet by 400 feet or 51,200 square
feet (1.2 acres) has been reserved for expansion purposes.

The site area includes the ﬁollowmg major elements:

Adninistration Building - Containing offices, toilet rooms, shower

~ room, locker room, lunch room and control room. Total building
| area requ:.red is 3;600 square feet. | o
Power Plant -rincluding a 5,000 KW steam turbine and generator, a 5,000
KW gas turbine and generator, a 1,000 HP air compressor and asso-
| ciated switchgear, controls and other required equipment for
10,000 KW system. Total area required for the power plant
building is 7,500 square feet. |

Maintenance - Service shops and dry storage. Total area required is

| 4,500 square feet plus a 5,200 square~-foot concrete slab fronting
the bulldmg

»Feedstock storage bulldmg total area requlred is 14,400 square feet.
This would be a metal A—frametype building.

Evaporator, separator, hydrolysis, steamer, axidation and distillation

tnits. | |

Four fermentation tanks - 30 feet in diameter by 21 feet high.

Eighteen methanization tanks - 30 feet in diameter by 27 feet high.

Ethanol, methanol and yeast storage tanks.

Truck, employee and maintenance equipment parking areas. \’J
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All facilities within the conceptual plant area have been sited to pro-
vide an efficient flow from receipt of the raw feedstocks through ‘the pro-
duction of the final products a,ndto pr.quide adequate margins of safety.

Oonstructlon Costs and Annual Operatlons and Mamtenance Cost Estimates

The cost estmates below are based on the faciliues shown m Flgures
6.1 and 6.2 and are intemsofJulleBOdollars 'Ihese costsareonly
for those items within the fencel:.ne of the plant and should be cons:.dered
as order of mgmtude costs,

Construction Cost Estmate

Site preparation, drainage facilities, ’ per:uneter |
fencing and gate, A-C paving, 5,200 square-foot ,
.. concrete slab in front of service shops building,

- site fire protection, yard llghting and vater and
sewer lines (to fenceline). S8 717,100

Tank and uactnnery foundations = 7 420,000

Administration bullding (3 600 square feet) L
induding offices, toilet rooms, shower room, = ... ..
- locker room, lunch room and control room. ..o . - . 288,000

Maintenance and service shopbuilding (4 500 S e e
square feet) . . o SRR . .. 202,500

Feedstock Equipment: :
, Feedstock receiving ﬁcilities, includmg -
... receiving hopper, bottom screw conveyor, covered s
" elevating belt conveyor and cne rubber-t:.red ¢
on cubic-yard front-end loader.); R ... .- 116,000

* Feedstock storage and distribution fadilities ’
including 14,400 square foot A-frame storage -
building, d:.stributing belt conveyor, traveling - - -
.. tripper, recovery screw conveyors and tumel for
' recdovery conveyors, receiving hopper, and ,
covered elevating belt conveyor. . - . .- .. - .- 620,000

Plant Equignent. :
Process area concrete slabs (38 ,000
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Rotating Steamer (8 feet in diameter x
30 feet long) with 5 HP motor

" Hydrolysis Unit No. 1 consisting of three
stainless steel 3.5-foot diameter by 32.1-foot
tall tanks andmezoo GPMmepw:.th 40 HP motor

Neutral:.zer tanks cons:v.stmg of two sta:mless ,
‘steel 4-foot diameter by 5-foot tall tanks and a
feed pump with 0.5 FH motor.

Nitric acid tanks - two stainless steel
. 4~foot diameter by 6-foot tall tanks with
feed pump and 0.5 FH motor.

Sentization unit consisting of three stainlessi
steel 2.5-foot diameter by 29.9-foot tall tanks,
2-foot diameter by 10-foot long heat exchanger
and ane 200 GPMpmlpw:.thS Elmotor.

Hydrolysis Unit No. 2 consisting of six stainless =
steel 3.5-foot diameter by 30.6 foot tall tanks.,

-Centrifugal separator Unit No. 1 consisting of
three 50 HP separators with pumps and 5 HP motors

Evaporator unit with one stainless steel 10-foot
diameter by 20 tall tank, cne stainless steel 8-foot
diameter by l2-foot tall tank, and one stainless
steel 40-foot diameter by 12-foot tall tank, all
with 5 HP pumps.

Liquid Extractor Unit No. 1 with one stainless
-~ steel 10—foot diameter by 12-foot tall tank with
one 5 HP and one 1 HP pumps.

Wet oxidation unit consisting of six stainless steel
4-foot diameter by 34.2 foot tall tanks with 2 HP pumps.

“Centrifugal Separator Unit No. 2 with two 40 HP -
separators and a 3 HP pump.

Liquid Extractor Unit No. 2 with one stainless steel

10-foot diameter 12-foot tall tank with 0.25-inch thJ.ck o

wallsarﬁmeSHPandcnelHPpmnps

Solvent recovery unit with one 3-=foot diameter by
10~-foot tall tank.

Dlstz.llatlon wmit with two stainless steel ~ o
- 6~-foot diameter by 30-foot tall tanks with 38 bubble
trays, 2-foot diameter by 10-foot long heat exchanger,
two 4-foot by lz-foot vapor ocordensers, and two 3 HP

punps .
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Centrifugal Separator Unit No. 3 w1th t:wo
25 HP separators -

./ Fermentation unit consisting of four stamless steel o

_30-foot diameter by 21 3-foot tall tanks.

Methanization wmit oons1stmg of 18 mild steel,

30-foot diameter by 27.3-foot tall tanks, 1 HP
pumps on each tank, one gas campressor and cne
receiver tank.

Ethanol storage unit consisting of two 20-foot
diameter by 20-foot tall mild steel tanks, 5 HP
pump and truck loading station. _ :

Methaml storage wnit with one 12-foot diameter by
l6~-foot tall mild steel tank, 5 HP pump, and truck
loading station.

Yeast storage wnit with two 5,000 gallonmlld
steel tanks and 1 HP pump.

Piping Fitting Valves: S
Miscellaneous stainless and mild steel piping,
fittings and valves.

Power Plant Building (7, 500 square feet) with steam
and gas turbines for 5,000 KW generators, 1,000 HP
air compressor, heat recovery system, stack, two
3-foot diameter by 12-foot tall air receiver tanks,
three fan cooling tower 8' x 24' x 12', cooling .
water pumps and switchgear, controls, etc. for
10,000 K. .

Power lines and electrical hook-up.

Instrumentation, EtcC.:
Instrumentation and controls

Geothermal steam piping (within fenoelme). "
kstart-upandenergencypower. V ERINE
r.:Fetammg walls -around - ethanol and methanol tank areas.

(bntmgenc:.es and mscellaneous items
., Subtotal, .. -

NG/ 6-19

60,000

1,593,600

3,516,550

.+ -98,500

29,140

. 17,100

745,000

3,450,000
109,600

320’000

" 90,000
| so.ooo‘

-33,500

~..1,530,670 :
. $16,833,000
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Design, engineering and construction management

(assume 12 percent of construct;ion oosts) 7 . 2,019,900
Total Estimated Costs = IR ~ $18,852,900

Annual Operations and Maintenance Costs

Administration:

1 Superintendent = = - o s 40,000
"1 Office Manager/Clerk/Typist : ' ‘ 20,000
$ 60,000
Plant Operation: .
6 Operators ($10.00/hr + 358) = $168,480
3 Qean-up (3.00/hr + 35%) =~ = : B 25,272
3 Laborers (6.00/hr + 35%) - 50,544
1 Warehouse (5.00/hr + 35%) _ 14,040
$258,336
Maintenance: o
3 Mechanics ($10.00/hr + 35%) : $ 84,240
2 Tradesmen (12.00/hr + 35%) & 67,392
5 Belpers (6.00/hr + 35%) : 84,240
2 Yardmen (4.00/hr + 35%) 22,464
$258,336
Sub~Total $576,672
Maintenance Material Cost: ’
(1/2 of 1% of construction
costs w/0 management charge) $ 84,165
'Ibtal Operating and Maintenance Costs | $660,837

0 & M costs do not include the annual costs of the geothermal fluid or
the royalties associated therewith, electricity purchased from the utility,
potable water, feedstocks, trucking O & M costs, or applicable taxes and
insurance. It is assumed thatmetruckingO&Mcostswillbebotnebya

trucking contractor.
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Nature and Composition of Waste Streams and Atmospheric Emissions

One of ‘the claimed iradvahtages ‘of the UCFEL ethanol process is that
there are m‘feedstock*mste materials proauced ‘ However, there will be

five waste water streams.

Waste Water Streams -

‘Sanitary Wastes. Based on the nimbers and categories of persomnel
required, a 20-hour cperating period, 365 days per year, sanitary

- wastes have been calculated to be approximately 2,000 gpd or
600 OOngy It is assumed ﬂzatmthedevelognentoftheuﬂustrzlal .
park, a sewage treatment plant would be constructed to serve the
entire park. Sanitary wastes from the ethanol plant would be

directed to ﬁustreatment plant. . o

- Plant Process Waste Water, The plant process waste water has been

calculated to be approximately 150,000 gpd at a temperature of 130°F.

“This waste water would essentially contam the J.mrgam.c matter of the

“biomass raw materials with small quantities of morganic agents. o
" organic matter is expected in this water stream.

| Clean—up vater. This quantity is estimated to be approximately 5,400
9Pd at a temperature Of 75°F. The vaste stream would contain small
amountsofplant materials from the various ‘precessing stages. It.is
' recomended that this water be filtered prior to disposal.

Truck and Equipment Wash Water, Estimates of this waste stream are

appmxmately 1,500 gpd at 75°F. 'ihie waste stream would contain
small amounts of raw feedstock‘materia.‘[s,‘oir.ls érease, sand and dirt.

621




SOlld and grease traps and 011 separators should be pr:ov1ded for this
waste stream and all equ:.pnent washing should be confined to one

area.

Site Drainage Water. Based on rainfall and net evaporation rate

studies conducted for the Island of Hawaii, the quantlty of - rainfall
fmm the entlre 5 7 acre. plant site for the average ten-year stomm is
estimated at 45 cubic feet per second (CFS). This runoff would be
directed to storm drains stategically located within the plant area
which would discharge into the main storm water disposal system.

Atmospheric Emissions

Atmospheric emissions from the ethanol plant would be expected to be
minimal. There essentially would be two direct atmospheric emission
sources. The first is steam blow-off from several points, all of which

have not been identified. It is expected that the steam turbine would be

one source of steafn blow-off, as would other equipment wnits such as the
evaporator and steamer. These emissions are expected to be intermittent
only. The causes of these emissions are the excess pressure resulting from
the wet axidation process eguipment and leaking glands.

The second potential source of atmospheric emissions would be the gas

‘turbine -exhaust flue gases. Based on the assumption that approximately

3,000 pounds of methane (CH,) would be burned per hour, the following |
atmospheric emissions are expected:

- ®, - 8,202 pounds per hour
- H,0 - 6,730 pounds per hour
- N2 = 39,800 pounds per hour

-
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each crther, gases consxdered to be pollutants, such as CO

- These quantities are based on the 'ﬁollowing': -
- 2.744 pounds of @, per pound of methane
v-2246poundscfH20perpom1dofnethane

. -l3275poundscf 2per:potmdofn'nethane ,
'lhese atmospheric eru.ssmn constituents are not generally cons:.dered to

: be pollutants as descnbed by elther the Federal or State Au: Qua11ty

Standards. However, 1t is poss:.ble that, through chem:.cal zeact:.ons with

2! t92

| O (ozone) cnuld be ptcduced 'me latter nu.ght be produced by sunl:.ght
'ox1datlon. It is noted that ;nor to oonstructlon and qweratxon, State

i

'perm:.ts to Oonstruct and q:erate would be vequired Aport:.on of the data
' ’requlred fcr the per:m:.t appl:.cations would be the canplete 1dentif1catlon of

all potentlal au' pollutants and the quantit:.es to be emitted by the plant.
The methods to be enplcyed to control the potent:.al erussmns of pollutants

| 'must be xdent:.fied in the permt applicatlcns.

| Add:.t:.onal potent:.al at:nospherlc emissions may be dust frcm the ethanol

plant grounds and cdors from prccessmg cperat:.ons. Adequate landscapmg
and pav:.ng of the majority of the plant grounds would severely lmut the

orquantities of dust generated 'Iherefore, dust is mt considered to be a

significant source of atmospheric emissions, ' Similarly, process odors would

- _not be present except in the case:of a malfv.mction'of equlpment ‘or process
-~ pressure vessels.: . Should a malfunction.occur, immediate remedial action
would be taken to alleviate the problem. .

- Indirect sources of atmospheric emissions in and around the ethanol

. plant would be vehicle emissions, the natural emissions from the steam vents

and other wolcanic factors characteristic of the Puna District of the
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Island of Hawaii. 2an attempt to quantify these emissions has not been made

because of the many unknown site spec1f1cat10ns regardmg the mdustrlal
park and surrounding environs.

Industrial Support Requirerénts

The proposed Pahoa 1ndustr:.al park would be the first such facility to
be 1ocated in an area that currently has a low populatlon level and 1s pri-
manly used for residential and agncultural purposes.. 'merefore, the
‘generally requlred support busi.nesses have not yet: been establlshed. Nor

are they hkely to beoome establlshed (at least) untJ.l after tbe mdustrlal .

park would be under oonstructlon. For an undetermined permd of t.une, the
industrial park and the mnants thereof, would have to depend an supporl:
businesses located in the Hilo area. 'Ihese support busmesses would range
fran operat:.on and nmntenanoe mater:.al suppl:.ers to offlce suppl:.es and
vendmg machine products.

. fThe park would also have to rely on presentor oomurrently developed
infrastructural components such as roads, water, sewer and to a lmu.ted
extent, electrical power.

Additional nequirements for the ethanol plant q)eratlons would be

reliable supplies of nitric acid, neutrallzers and other process suppl:.es.

- Feedstock Hauling and Trucking
The feedstock requirements for the proposed ethanol plant*isassumd to

be zpproximately 283 bdt/day of lignocellulosic material, principally bagasse

and wood chips. Anthurium growers have cbtained small amounts of bagasse
from the Ka'u Sugar Company in Pahala at a price of $20 per ton on wet
basis. Hauling costs depend on the equipment which is used and the hauling
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 distance. Both tandem trailers and compacting trailers were considered.

Ccmpactmg trailers were chosen because bagasse is easily compressed to
densities up to 20 lbs /cu. ft. A limitation on the allowable‘length of
truck/trailer combinations limits the load that can be carried in the case
of ‘tandem trailers, called a "train.” Campacting trailers are dirrently
used by the County at'solid waste transfer stations, and have been used to
campress bagasse: A problem has been enoomtered'when the bag'asse is com-
pacted  too much as it tends to jam up at the exit. Testing will be

- required to‘determine the optimal bagasse campaction. Assummg 90 cubic

yard cunpact'ing trailers, the cost of hauling bagasse from Puna Sugar-
canpanyto the park site inPahoawouldbeabout$3 64/ton, while from Ka'u
Sugar Ounpanytheoost wouldbeabout $7 8l/ton A ‘ o

In the mpply orE wood, harvestmg costs must also be considered HllO

CoastProcessmgGmlpanyhasbeenbuymgwastewooddups frunCapitolChip

CanpanyforSGZS/tm,lnweverinthlscasethe;roductisomsideredvaste

because it 1s msuitable ﬁor Capitol Chip's pr:l.me market, which is Japanese
upaper manufacturers. The pulp qrade chips comand D to $1.10/ton In

orderﬁorthepnoetobeeoonanical fortheethamlplant,mstewoodsuch
as o.:ll trees and timber slash should primarily be oons:.dered . A ﬁorestry

’consultantestimated that timberoouldbeharvested fromdxiastandsm
"upper Puna, chipped and delivered at aoost of from $26 to $3O per green

ton to the park site at Pahoa Of t.his, about $12 per ton 1s attributable

to the actual logging operations, including roads, based on a production

leveloflSOOOtoZOOOOtonsperyear._ Y \ SRR
The wood could either be chipped on-site, or hauled down to the ethanol

‘plant as logs to be chipped there. The operations would probably be a can-
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bination of both techniques, with whole logs trucked to the park site, but
the tree tops, being bulkier and less dense, wodld be chipped on-site and
trucked as chips.

~ For purposes of this investigation, the hauling costs were estimated
for the hauling of wood as chips.  These calculations are similar o those
for bagasse, although it is assumed that wood chips will mot campact as
‘easily, and the density will be about 16 lb./cu.ft. or about 18 tons per
truckload. Hauling costs are then estimated at $5.56/ton for wood. chips
hauled from uper Puna area, and $10.42/ton if the wood cames from Capitol
Chip's operations near Paauilo on the Hamakua Coast.

Availability of Feedstock
 an m1tia1 survey (Chapter 4) ﬁound approxmately 208 500 tons/year of

available feedstock, of vhich 85% was bagasse. The mmmnm feedstocks
tequ:.rements for the ethanol plant are 206 ,000 tons/year Tne intent of
the survey was to determine the magmtude of austmg feedstock
‘ Surveys were performed to detemme the ava:.lab:.hty of wood on pubhc
and private lands. ' |
" The State holds a large portion of the commercially forested land in
the Puna District which could be cbtained through public auctions. Of the
large pr:.vate land owners surveyed, the majorlty were cautiously agreeable
to further discussions.
A local firm has begun demonstration tree farming operations which
should cover approximately 900 acres by the end of the five yeat contract
period with the Department of Energy.
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Raw Materials Unloading and Storége -

2, " Maximum processing rate:

A schematic layout of a ;‘baga's‘se and wood Ech’]f.p{ i'storage facility for the
conceptual ethanol plant has been developed (Figures 6.2 and 6.3).

1. Basis: Bagasse 140 bit/day, 280 tons/day as milled.
Wood 171 bdt/day, 285 tons/day as received @ 40%
Plant operates at an 83% ’cépacity factor (20 hours per day), but
the storage facility des:.gn must be based on 24 hours/day.
Storage is sized for five days.

Bagasse 7 bdt/hour e 508 misture = 14 gross tons/hr

Wood 85bdt/hr @40%misture=1429msstons/m:

Total 28.2 gross ton.a/hr = 676 gross tons/day

"3 Maximm étorage requlred 5 days @ 676 tons/day ="3380 tons.
‘4, Size of building required PO '
- 336 tons bagasse - 672, 000 1bs. @ 15 lbs /cu.ft.- 45 000 cu.ft. for 1

days storage.
~ 340 tons wood - 680, 000 lbs. @ 22 1bs: /cu.ft. = 31,000 cu.ft. for 1
" days' storage. | i
57’ Trucking ReqUirements: TR REEE T
Based on cperatlons at ‘the Hilo (bast Processmg Conpany
. 1 truckload bagasse = 13 tons.
1 truckload wood chips = 21 tons

Ihlly t:ruc}d.oads bagasse = 336 tons/day | = 25.8
' 13 tons/load

Dally truckloads wood = 340 tons/day _ 16 2
21 tons/load

Total truckloads = 42 per day.
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6.

7.

Unloading and Storage Operation: A ‘

Using etﬂ-dmtping trailers w:Lth convefofrd'x‘alir‘l unloadiné, trucks
wili drive over an unloading hopper with conveyor 'that; feeds an
inclined belt conveyor into the storage house. A N
belt-trippér/sprgader assembly on rails can be positioned at the
apprdpriate place to direct; bagasse or wood chips to the
appropriate reclaim pile. A 15-foot wall which divides the
storage house into separate bagasse and wood chip bins with an
approximately 60/40 split in storage volume. It is assumed that
the feedstock must be oo-mmgled ¢ @t a certain ratio for effective
operation, hence the need for separate storage piles‘ for bagasse
and wood.

Feedstock and Reclaim Operation:

A reclaim pit 8 feet wide, by 12 feet long and 10 feet deep is
centrally located in the storage house building, which is 50 feet
long and 30 feet wide. There is roam for the loader to maneuver
in the building around the pit. Bucket loader reclaims bagasse or
chips fram the amropriate'recilaim pile and dumps it into the pit,
which feeds a slat conveyor which in turn feeds a belt conveyor
that runs to the ethanol plant.

Feedstock reclaim requirement: 14 tons/tbur‘ ba'gasseﬁ @  133
cu.ft./ton plus 14 tons/hour wood chips @ 92 cu.ft./ton gives
about 0.5 tons per minute, or about 60 cu.ft./min. A 3 cu. yd.
loader bucket (81 cu. f£t.) will be more than adequate, assuming a

one-minute per load cycle time (average).
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 ANNUAL PRODUCTION COST

Feedstock Costs

- Bagasse: ' 280 tpd (508 rroi'.stur"e") @ $30/ton
Wood chips: - 285 tpd (40% moisture) @ $30/ton
Nitric acid 100%: 1200 gpd @ $2.50/gal.

Basic neutralizer 1,400 lbs. @ §.18/lb.
(caustic -soda) AT R e

Make-up water 150,000 gpd. @ $.000682/gal.
Total Feedstock Costs

Power Costs
500,000 Kl € 8¢/kvh
Water Costs _
69,000,000 gal @ §.000682/gal
Steam Cost

- 47 MBTUH € $2.67/MBTU
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' $3,066,000

3,120,750

182,500
91,980

37,340

$6,498,570

$ 40,000

$__ 47,058

$_916,077




FINANCIAL ANALYSIS
Ass_tggtions :

Operate: 20 hrs./day, 365 days/yr.
 Investment: - |

Site preparations -

Tank and machinery foundations
Building & shops

Feedstock equipment -

Plant equipment

Piping, fitting, valves, etc.
Power plant buildings & equipment
Power lines and hookup
Instrumentation v
Miscellaneous items & contingencies

Subtotal
Design & engineering
TOTAL
. Annual Revenue:

Ethanol

(20,000 GPD @ $1.80/gal.)

Methanol

(2,200 GPD @ $0.50/gal.)

Yeast

(6,700 lbs./day @ $0.17/1b.)
Electricity

(72.9 million Kwh/yr. @ 60 mills/kw)

TOTAL
Annual Operating Expenses:
Geothermal Steam

(47 MBTUH €@ $2.67/MBTU
Operation and Maintenance
Feedcost (including truclung)
Utilities

TOTAL
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- 714,100
420,000

490,500

-~ 736,000
8,140,110

* 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



~Escalation:
8% year
Investment Tax Credit:
20% -
Tax DePreclatJ.on 2 «  T
17.5 years
Dougle declining bal
Zero salvage -
Tox Rate: - S
sos -
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End of Year
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Income
after
Tax

4007
4537
5085
5656
6254
6883
7548
8271
9002
9791
10604
11482
12431
13455
14561
16756
17046
18625
20316
21941
23697
25592
27865
29851
32239

~ 25%

Investment Profit before Depreciation
and other Depreciation & for Taxable
Cash Flow Income Tax Tax_Purposes - Income Tax
(18853) .
3770 10168 2155 8013 4007
10981 1908 9073 4537
11860 1690 10170 5085
12809 , 1497 11312 5656
13834 1326 12508 6254
14940 1174 13766 6883
16136 ' 1040 . 15096 7548
17462 921 16541 8271
18820 816 18004 9002
20326 744 19582 9791
21952 744 21208 10604
23708 744 22964 11482
25605 744 24861 12431
27653 744 26909 13455
29866 744 29122 14561
32255 744 3N 15756)
34835 744 34091 17046
37622 372 37250 18625
40632 . 40632 20316
43882 43882 21941
47393 47393 23697
51184 51184 25592
55729 55729 27865
59701 59701 29851
64477 64477 32239
Discount Rate
15% 202
Present Value $46,137 27,1

After tax discounted cash flow

Rate of return: 43.6%
Payback: 2.4 years

HANOL bLANT
ET
FINANCTAL ANAIYSTS T (STEAM AT $2.67/MBTU) ($000)

116,294

Total
Cash
Flow

(18853)
9932
6445
6775
7153
7580
8057
8588
9192
9818

10535
11348
12226
13175
14199
15305
16500
17790
18997
20316
21941
23697
26592
27865
20851
32239




Sumnag
'me conclus:.on from this analysis is that the ethanol plant would make

an after tax d1scount cash. flow rate of return of 43.6% w:.th a payback of
2.4 years. This is based on a steam selling price of $2.67/MBTU., The
conclusion from this is that the cellulose to ethanol plant could be a
viable anchor industry for the industrial park.

ALTERNATIVE FINANCING ANALYSIS = ETHANOL AS ONLY TENANT

‘ Having found that the ethanol plant could be viable as a component in
an angoing industrial park, the question was raised whether the ethanol
plantwouldbev:l.able if 1twere themlymdustxy This isl:.kelybemg
the anchor industry, the ethanol plant would likely be established prlor to
any other industry. It was assumed that cne developer ,would develop the
resource and transmission and develop the industrial park based solely on
the ethanol plant. | 7 7

~ An implementation scenario was hypothesized in which a wellf:.eld and
pipeline would be develdped just for the ethanol plant. 'nus is shown in
'I‘ab1e62. 'Ihenananalysmwasmadetoseeiftheeﬂ:amlplantlsnable
in that situation. '4

| What follows is an analysis of ‘that limited geother.mal developnent to |
detennme the required selling price of steam when serving only the ethanol
plant. It proves to be $5.934/MBTU to provide a required after tax rate of
return of 27%. _ |

Follow:.ng that is an analys:.s of the ethanol plant using this higher

price for steam.
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PERMITTING
-Well #1
-Hell #2
-Comm. Park

-Ngll #3

CONCEPT DESIGN STUDY
BT st Het
Test 1st Well

Drill 2nd Hell

Test 2nd Wel)

Drill 3rd Well

Test 3rd Well

Wellsite construction
Decision to Build Plant
Finish Design
Construct Park/Plant
Cdnstruct Pipeline
Test Operations

Attain Full Production

Complete 1 year
fu]} Production

1981

1982
1983
1984

1985

1986

1987

1988

Table 6. 2 Hypothetical Implementation Schedule
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Geothermal Investment Costs - For Ethanol Plant Only

ETHANOL PLANT 47 MBTU/hr.

Wells:

1 production well

Well Site Equipment:

Slte utlllty, roads, etc.

Bvaporators ; ‘
” 28 abatement system ,

'Ibtal

Resource Transmission:

 Pipeline

Installatmn

Insulation

Servxoe road
Subtotal

Engmeering (15%)

Contingency (20%) |
*Total

- EIS, Iegal, Pdministratiorru; N
‘ Socialrmviromnental,‘etc.”' R

Total Fleld Development

ikt
312,01

$ 1,?;‘00'7,60_0 o
. .1,600,000

1 standby well
1 dry well 1,600,000
Total $ 4,800,000
Site preparation }, » $ 255,000
Two phase separator 70,000

700,000 _
600,000

530,000

$ 2,155,000

409,990
298,905

736,960 |
‘\"114”,5'00 o

. $ 1,560,355

2,106,479

450,000

$12 392,212

*'Ihe lower cost is due to the smaller dlameter pipe requlred and the
corresponding insulation material required.
neering design factor and contingency.
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TABIE 6.3

Geothermal Resource Development |
Assumptions

Construction Costs:

The total construction cost of $12.4 million is spread over three
years folldwing the same development tinetaele as presented in
Table 6.4. | |
Escalation:
Construction costs are escalated at 8% a year.;
A steam load factorof90%wasassmned 'Iheanountofannual
saleable steam was calculated as ﬁollows
Annual Saleable Steam = 49,200 lbs./hr. x 24 hrs. x 360 days
x .90 = 382,579,200 lbs./year. |

Revenues equal the annual steam production t:.mes the sellmg price.

The required selling price was derived through computer iteration.
Operating Expenses:
Field operation and maintenance

Estimated at $158,900 in 1980 dollars

‘Other Expenses
F.stlmated at $22,700 in 1980 dollars

Expenses escalated at 8% a year.
Intangible Drilling Costs (IDC):

Consistent with current practice, '8vo.%rof total well costs
(including well equipment and associated permitting, lease, legal
and administrative expenses) were de51gnated as IDC and expensed
in the year incurred.
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TABLE 6.3 (Continued)

Geothermal Resource Developement
"~ Assumptions

Depreciation:

All capitalized construction costs were depreciated using acce-
lerated depreciation over the allowable tax life:

Wells 20 years

Pipeiine 30 years

Other Equipment 22.5 years - ‘
Wells and other equipment were depreciated when they became
operable.

Royalty:

In the analysis, the base case royalty assumption is 10% of gross
revenues (Option 1). Sensitivity analyées were includéd in the
model 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 nespeg:tively.

Depletion Allowances:

Depletion allowance totaling 15% of net revenue (gross revenue
less royalties) were deducted from net revenué to arrive at
taxable incame.

Income Tax Rate:

The statutory ocombined State and Federal tax rate was assumed to
be 50%.
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11/67/88  {1:31 '
PAHDA INDUSTRIAL PARK STUDY patoR INDUSTRIAL PARK STUBY : PAH0A INGUSTRIAL PARK STUDY

REVISED STEAM PRICE _ REVISED STEA PRICE REVISED STEAN PRICE
(s988) (s828) (3889)
BESCRIPTION PERIOD-YEARS PERIOD-YEARS " PERIOD-YEARS
1988 1984 1982 1983 1984 1985 1986 1097 1998 1989 1994 1991 1992: 1993 1994 1995 1996 1997 1998 19% 2486 2801 2682 2683 2088 2085 2884 2687 : (\
FIRST TEST WELL -1126 -512 [ $ s ¢ [ [} ] [ § [} [} ] L L) ¢ [} [ ] [ [ § 8 [ [ ] ]
SECOND TEST WELL 8 ' -1728 [ [ 1] [ ¢ ] § ¢ [ [ [ ] $ ] § [ [ [ £ § [} [ [] [ [} $
PIPELINE ¢ § 2458 . ¢ [} 8 [] [ [} [ é [ (] [ ¢ 8 ¢ [ [ 9 [ $ [ # ¢ 8 [ [
WELL EQuIP L] ¢ -2514 s [} [ ¢ [ ] a [] g ¢ f [ L L] [ [] [] [ g ] [ 8 § [ 8 []
. PRODUCTION MELL (1) [ LI 1 [ L] ¢ [ ] [ ] ¢ ] ] ¢ ] ¢ [} ] [ 8 [ § [ ] [ [ ] [
PERMITTING (EIS] -258 [ [ (] [ [ [] [] [ [ [ [ {l ¢ [ # [ [ $ [ § [] ] ¢ [ L] [ [
“LEASE PAYMENTS -2.508  -2.788 -2.988 § [ [ # [ [ [} [ [ 4 [ ] [ [] ¢ ] [ [ [ ] L] 8 § [ [} ¢
 LECAL ) -28 -26 -26 [ [ ] (] ] [ ¢ ] ] [ 8 [ [ [ [ § [ [ [} L] ] [ [ 8 L]
.EMPLOYEE EXPENSE -85 -5¢ -55 [ [ L] [ [] ] [ [} (4 [ ] ¢ (] ¢ [ ] $ $ [ [ § [ ] (] . [ ] #
TOTAL -1 2313 -6918 [ ] [ [] § ] [ L) § [ 4 ¢ (] [ ] # ] ] ] ¢ [ [} [ [ ]
- INFLATION RATE MO8 B0F8 6360  00FF. 6068 6000 6066 4048 9800 4888  .6040 B985 - .Bede G008 JMSPE 0968  OBEF  #968  S008 990 9008 6980 L8808  P088 08B .#068  .P060 .46
SELLING RATE 850 LBE4 B850 8875 8881 6087  80%% 6182  A110 119 .BI2E 8138 UL 15 JHI74 B188 6293 0226 6237 8256 2TT 2% H323 L6348 8370 - BBk 439 844
REVENUE [] [ [ 2068 39 333 3463 38N 292 4538 4981 5292 sm7 3y (172 7202 78 848 9872 9793 16581 11428 12342 13336 14396 13548 14791 18135
FIELD OPERATION s [ § 2082 2162 2335 2522 7.4 2941 3117 M3 376.5  ag6.7 432,27  M6.8  SAAL SA44 SBS.6 4358  685.9  T48.7  868.9 8648 9331 1888 1088 1175 1249
OTHER EYPENSE $ § § 28,48 3,89 33.3b 3663 3891 M2 4538 9.4 5293 S7.70 eL% G648 T2 TIIE oA M2 9199 165.8  114.3 123.4 1333 1446 1555 1479 1813
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Pahoa Industrial Park Study
Revised Steam Price
($000
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FINANCIAL SUMMARY

* option 1 option 2 Option 3
108 Royalty  12% Royalty  15% Royalty

Present Value at Tl
Following Discount Rates:

158 s 7,004 s 6,722 $ 6,301

208 o S e 0 2,861 2,684 2,419
25% o 138 . 617 436

After-Tax Discounted Cash Flow:
Rate of Return : 27.8% 27.4% 26.7%

Payback s 5.8 years 5.9 years 6.0 years

The conclusion from this analysis is that a steam selling price of
$5.93/MBTU is adequate and gives an ;fter tax discounted cash flow rate of
rgtum of about 27% and a 5.9 year payback. This return is relatively
insensitive to the royalty rate in the range of 10% to 15% royalty.
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ANALYSIS OF ETHANOL PLANT AS ANCHOR INDUSTRY

Using the computed steam selling price of $5.93/MBTU, the ethanol
_p],an't wasre—analyzed Other thén.the steam price, all inputs are the same
aé uséd in the initial analysis. Table 6.5 shows this financial nodel.

From this model was c:mputed an after tax dlscounted cash flow rate of
return of 40.1% w:.th a payback of 2.6 years which indicates that the etha-
nol plant is still an attractive opportunity on 1ts own, even with the

higher steam ocost.
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159 »

Investment Profit before Depreciation Income Total

and other Depreciation & for - " Taxable = - . after - Cash
End of Year Cash Flow " Income Tax ~ Tax Purposes Income . - Tax - Tax .. - Flow
0 (18853) v - 3 Lo E (18853)
1 3770 9048 2155 - 6893 3447 3346 937
2 : 9772 ' ~ 1908 7864 , 3932 - 3932 - 5840
3 10554 . 1690 - - 8864 - 4432 © 4432 ¢ 6122
4 11398 - . 1497 - © 9901 495] ~ 4950 ~ 6447
5 12310 , - 1326 . 10984 - 5492 5492 - - 6818
6 13294 S 1174 12120 . 6060 6060 - 7234
7 14358 1040 = 13318 6659 . 6659 . . 7699
8 15507 S921 - . 14586 7293 . 7293 8214
9 16747 o B16 . 15931 7966 - 7965 .. 8781
10 18087 744 . 17343 . 8672 8671 - .9415
11 19534 ' 744 -~ 18790 9395 - 9395 ‘ 10139
12 21097 744 © 20353 10177 .. 10176 -~ . 10920
13 22784 744 .. 22040 : 11020 11020 ‘ 11764
14 24607 . 744 - - 23863 - 11932 11931 - 12675
15 26576 - 744 - 25832 12916 . 12916 , 13660
16 28702 744 27958 - 13979 13979 : 14723
17 30998 - 744 30254 15127 15127 15871
18 33478 . 372 33106 16553 16553 - 16925
19 36156 - ) - 36156 .. 18078 - 18078 18078
20 39048 : 39048 . 19524 19524 - 19524
21 42172 L. © A2172 ~ 21086 .. 21086 © 21086 i
22 45546 S ; 45546 22773 22773 . 22773
23 49190 L - 49190 24595 24595 - 24595
24 53125 . L 53125 26563 26562 - . 26562
25 57375 o . 57375 28688 . 28687 . 28687
Financial Summary
‘Discount Rate
‘ 15% 20% 25%
Present Value $39,784 22,770 13,079

After tax discounted cash flow
Rate of return: 40.1%
Payback: 2.6 years

Table 6.5
" ETHANOL PLANT FINANCIAL ANALYSIS IT (STEAM AT $5.93/MBTU) ($000)




Ethanol Plant Slmmary and Conclusion.

It appears that an ethanol plant using bagasse and wood as feedstock W
: ~-would be the most likely industry to succeed in the geothermal industrial
park setting either as a camponent in an ongoing park or as a pioneering
_ industry on its own. ‘The feedstook is considered réasooably available and
| Tﬂze'nlarket potential for the ethanol product to produce gasohol is |
. promlsmg. _ 7

!iowever, s:.gmf:.cant risk is- assoc1ated with. the process selected.
Before an investor can be attracted, more definitive information is con-
sidered necessary concerning the camplete process technology. Data is
espec:.ally needed on the spec:.flc ;rooess performance usmg sugar cane
' bagasse and Hawauan woods such as chia ; euca.lyptus and leucaena as
feedstock. |

From the technological development standpoint,' a reasonabl‘rev« time frame
of less than 5 years is estimated to plan, construcr.’armd‘place in operation

a commercial-sized ethanol plant once the process is proven.
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PART B: CATTLE FEED MILL

Introduct:.on o . ‘ , A N
Tne proposed cattle feed mll to be located in the Pahoa Industrial

Park is designed to produce 240 tons per day of a cattle feed roughage

The process involves separating, washing, compacting and loading onto
trucks 600 ‘tons per day of sugar ‘cane leaf trash for delivery to the cattle
* feed mill at the industrial park.’ .Here the leafy trash is dried and formed
into 1-1/4" x 1-1/4" particles to be marketed as a roughage component of
cattle feed in both Japan and Hawaii. A e

i s

Availabllity of Feedstock

o 'Ihe mo feedstocks under oons:.deration are bagasse and .cane strlpplrgs
T.w:Lth enphas:.s on cane str1ppings because of Lts hlgher feed value. Cane

v str:.ppmgs, otherw:l.se known as sugar cane leaf tr:ash mrlslsm of the upper
:leaves, whereas bagasse is mainly the fibrous and p:l.thy portion of the
stalk 'Ihe strlppmgs are hlgher in nm.sture oontent (60 - 70% water) and
lower in fuel value than bagasse ’ thereby not excluswely used as boiler

: fuel.

| 'mevoluneofsugarcaneleaf trashofGOOtonsper24hours o
(approxmately 70% Iroisture) is oons:.dered available from the ‘Puna, Sugar
' M:.ll, wh:.ch recently installed a nechamsm to separate the leafy cane
Vtrash 'Itus trash is currently burned (as fuel) in a boiler. 'nzerefore{
1t is assumd that sat:.sfactory negot:.ations can be made with the Puna
Sugar M111 to obtam the cane trash 1n exchange for electrlclty pmduoed by
the ethanol plant in the industnal park Ebr the process evaluat:.on,
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cane trash is estimated to cost $30.00/ton. In addition, transportation
costs are included for hauling the cane leaf 16 miles from Puna Sugar Mill
to the industrial park. ‘ 77

Description of Drying and Cubing Process

_ ‘mesugarcaneleaftrashlsseparatedfranthestalkatthesugar
m111, where it 1s washed and c:hopped into lengths approximately 4 inches

long (Figure 6.4). The canetrash is then conveyed into a compactor where-

it is compressed mto loaves or bales approximately 30 feet long, 8 feet
ﬁde and "6 feet high.

The compacted loaves are then transported on low bed conveyor type
bottam trailers to the industrial park where it is fed into a twin drum
bale breaker via an elevating conveyor. Once the leaf trash is separated,
it is conveyed at constant uniform speed into a rotatmg drum type dryer.
A control system is used to maintain constant steady operat:.on which is a
critical factor in the drying process

‘The cane trash is dried by forced heat convection in the dzyer
furnace: Incoming air is preheated by geothermal steam to 350°F via heat
exchangers. The air temperature is then further elevated by routing the
air through the burner front of the furnace. Adraftfanlmkedtothe
controlsystemregulatesthealrflowmardwtofthefurnace. |

The rotatmg drum dryer is under negative pressure and as the drum h
rotates, flights inside the drum move. the material throdgh' heated air from
the inlet to the discharge énd. The heavier dried materials dmp out of
" the bottom of the chambers into a chain type ﬂight’coﬁ\‘reyor. The fines

are collected through cycloné separators and also drop on the conveyor.
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.'lhe dried material leaving the drier is- c_:onveyed"" through a vibrating‘
screen to sift out the fines unsuitable for cubing. The 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 altéring the. cubers. The leaf trash from the pri-
mary doolers is then:fed into katmdirfi_ed pellet mill where it is campressed
into 1-1/4 x 1-1/4 inch cubes (Figure 6.5).

Electrical Requirements

E'stmated power requlrements to operate the plant will be approx:.ma—
tely 1240 hp or 23,800 kw/hr./day. This is conservative as some of the:

motors will be cycling.

Equipment Requirements

Campactor
'mecaneorotherleafn'ashlsmllected,washedandprocessedto

vreuoved:.rtandrocksatPunas.xgarM:Lll 'mematenallsthenconveyedor
otherwise loaded into a trash campactor. v_vtlenaloadoﬁtrashhasbeen
compacted it is automatically ejected onto a storage conveyor in line with
the discharge end of the campactor. The storage conveyor holds the 25 ton
canpacted load of trash wntil it is transferred to a conveyor bottom
tra11er. ‘The trailer is then hitched to and pulled by a dJ.esel h:l.ghway
trucktractortotheparkfordrymgandwbmg

The cost of the campaction equlpnent at the Puna Sugar Mlll site will
be about . $68 000 , with the station requ:.rmg 115 hp to operate the canpactor
ard related conveymg equipment. Additional equipment needed at the
 Puna Sugar Mill is estimated to cost $500,000. |
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Dryer Plant

The dryer plant requires 72 METU/hr. to provide a 600°F drying o
temperature. - Approximately half this requirement or 32 MBTU/hr. is pro-
vided by geothennal energy in an air preheater for the dryer furnace. The
remammg&tOMBTU/hr lssroducedbybummglsmnsofvmddupsper
hour, and 1. 4 tons of process fines per hour. Wood chips cost $30.00/ton
delivered to Pahoa from chia forest lands near Pahoa. Geothermal heat
available at 375° can cnly provide part of the heat requz.rement of a 600°F
dryer tanperature The estimated oostofthedxyerplantandallrelated
equlpment as shown in E‘:.gure 6 4 will be appmxmately $2,500,000.

It is estimated that the transport system for moving the compacted

cane trash from the mill muldrequlre at least four conveyor bottam,
mdulehandli:@ traiiers transported by three Renworth or equal diesel
highway tractors with hydraul:.c power packs. The power packs would cperate
the transfer conveyors an the beds of the low bed transport trailers. The
system will also requn:e a d:.esel-wheel—type tractor: to move the campacted
loads of trash fran the storage shed area on to the r:ece:.vmg ard elevating
conveyor system. The estimated cost of the hlghway transport system as
outlined will be $446,000 plus freight fmm the West a)ast, estimated at
208, for a total estimated cost of $535,200. | |

Plant Fecilities o | |
Storage ‘

A covered structure will be requlredto store the compacted leaf trash \
loads at the Pahoa dryer site due to the frequent rainfall in this area.



An open front 3-sided building 50' x 150' (7500 sd.ft. ) with a 12'-0" eave
height is suggested. ,‘ _ |
' The estimated cost of this building would be $85,000.

Mill Building

Anull building to house screening equipment:is necessary with a pri-
mary product cooler, distribution conveyors, machinery supporting
- platforms, stairs aﬁd,mal}mrays,wqubers’, -cube coolers and a-baghouse
including. a fire-sprinkler system. This ;,building should have an eave -
height of 20' with a total area of (7,500 sqg. ft.).

Estimated cost of this building would be $150,000.

A finished cube cooling and storage building is needed for flat pile
si':orage'dux;irng the two week ocooling period. The building must be sized to
accommodate 60 tons pér. day. This would require a structure 106' x 300°
(30,000 sq. £t.) with a 15 ft. eave height and a fire sprinkler system. .
Estimated cost of this building would be $450,000.
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OPERATIONAL REQUIREMENTS
Employees -

If that the leaf trash drymg and cubing plant 1slocated in the same
general area as’the ethaxbl plant and is c.perated by the same company, the
same administration and maintenance forces as outlined for the ethanol -
-plant could also be used to administer and maintain the trash drying and
cubing plant, It is estimated that the plant could be operated by 5 per-
sons per shift, for a total of 15 operators. The annual estimated cdst of
operation for the cattle feed processing plant with 15 full time employees
is $486,000. " R |

Truckdrivers

Four truck drivers per shift would be needed to operate the transport
system, The annual estimated cost for these drivers is $861,537.

MARKETING

Cattle Needs

Cattle must have fiber in their diets. 'The minimm level of fiber in
the ration is 18% for dairy and 10-12% for beef.l If there is a fiber
deficiency, other nutrients are mot effectively utilized, resulting in
poor animal performance. The abnormal and inefficient animal metabolism
caused by fiber deficiencies can be offset by including a sufficient fiber
level in the ration. Feedstock with high fiber is important and the
requirementé can be met by including a minimm in the ration. In other
words, if the ration requirement were 18%¢ fiber, this level can be attained
using much less material if the material used is high in fiber. Sugar cane

by-products such as cane strippings contain approximately 44% fiber as
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compared to high quality feeds such as alfalfa which contains from 20-28%
fiber. -Areas needing fiber. to meet minimum requirements normally can use
between three to five pounds of high-fiber materials such as cane strip-

pings in the ration.

Phys:.cal Consideratlons of Feed

| Smce the pmducts mder considerat:.on are being used to satisfy fiber
requlrements , the mtegmty of the fiber is cr:.tl.cal In processing, :
",product should be shredded instead of bemg cnt. Iength of f:l.ber from
fourtoﬁve incheswouldbebest. 'meproductmstbecleantobe ,
’acceptable, and on a dry matter content, ash sbould be below 10%. Al pre-
ferred quallty criteria would be that the final product contain some green
' "color, wh:.ch has t:r:ad:.tz.onally been used to md:.cate a succulent, act:.vely
gmwmgstartmgmatenaland thepresenceofcarotene, aprecursorof
v:.tammA. 'mepmductnmstalsobedxy, foreaseofuse, convem.enceof
blending into t:he total ratlon, and ﬁor stormg and sh:l.ppmg.

Market Potentlal e

Hawaii imports from 25,000 to 35,000 tons of roughage each year to
satisfy the needs of the dairy and beef industries. Cubed alfalfa is one
of the items mported in large quantities along with such materials as
.almond hull, cottonseed hull and other. high-fiber by-product feeds which
basically provide fiber for the cattle in Hawaii. .The State imports approxi-
mately one ton of roughage for each of the 12,000 dairy and 15,000 beef
cattle on feed ‘throughout the year. The market remains relatively constant
.despite attempts to develop feed and forage for livestock production in the
State. Sugar and pineapple occupy the prime agricultural lands with only
‘limited lands available for feed and forage production.
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The beef and dairy farming businesses in Japan- are facing difficult
- 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 farmers and ranchers in Japan fully realize the necessity of
feedmg more roughage to the:.r livestock. The substitution for the lack of
it by feedmg imported concentrates ‘bearing a high productlon cost, even more
) mportant, having an adverse: effect. on the health, reproduction, and overall

pmduct:.v:.ty of the herds. Past reoords show that varlous farmers'
assocl.atlons, prefectual governmental mst:.tut:.ons, and hvestock raisers
have put a great deal of effort mto up-gradmg the rate of self sufflc:l.ency
in roughage. Reoent data makes it clear that danest:.c self suff:l.c:l.emy in
roughage 1s only 20% or possxbly less: m all areas of Japan, other than
Hokkaido, the rorthern most island. Recent autauatlon in harvestmg rice has
adversely affected the availability of rice straw as a roughage.

While the shortage mentioned m the ﬂorego:.ng paragraphs is t:o some
extent being relieved by imports from the United States and the Peoples
Republic of China, there is still a shortage of approximately 300,000 tons
of roughage.

In summary:

1. Japan requires approximately 3,500,000 metric tons of forage
to be self sufficient.
' 2. 'The shortage of roughage in Japan is estimated at 700,000
tons per year. '
. 3. Sixty percent of this shortage, 420,000 metric tons, is made
up by imported alfalfa.
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4. Forty percent of this SInrtage, 280,000 metric tons, is to be”

made up of straw and other avallable roughages such as cane
” strippings. = -
5. ~ Because of the agr:.cultural automatlon in Japan, rice
straw ls in reduced supply.
6. Sugar by-products are gaining interests; Taiwan and the
Ph111ppmes are sh1pp1ng a limited supply of cane tops to
Japan This supply is very lmuted '

7. ‘The pricing of intermediate quality ﬁorages in Japan will be

amroxmately the md—pr:.ce between cubed alfalfa and rice
straw, | '

In &nlsideration of a market, one imst consider both Hawaii and Japan
in order to be able to sell sufficient volume to warrant the capital
invesunent. The mysmal handlmg of the product, -including cleam.ng,
drymg, oanpressing, transportat;on,_,as well asposslbly phys:.cal, and che-
mical mdifications of the product réquires a sizeable market in order to
offer a sat:.sfactory return o the necessary capltal investment. Hawaii's

market alone is insufficient, st

The najor feed and forage. :lmport statistics, by customs records for
Japan, are shown in Table 6.6. ';’able 6.7 stpws the -oatposulon and value
of feeds imported into Japan. Imports of alfalfa meal, alfalfa cubes and
 beet pulp have increased greatly from 1977 to 1979. ‘ While at'thesame

time, the nnports of forage, mcludmg cane t:ops have decreased. Japan
needs some intermediate to good quality roughages.
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TABLE 6.6 - JAPAN IMPORTS: MAJOR ‘FEED AND FORAGE: STATISTICS BY CUSTOMS  RECORD.

Camodity Origin Imp=1977 Imp-1978 Imp~1979
Oats (Free) Canada 1,606 MT 651 MT 3,530 MT
‘Wheat Bran Pellets Canada > 113,343 MF 85,115 MT 85,689 MT
U.S.A. 1,924 —_ 10
G.S.P. Canada 125,120 MT 140,820 MT 145,143 MT
U.S.A. 38 16 10
Beet Pulp Canada 4,963 M - 3,000 MT 7,294 MT
) U.S.A. 172,738 292,642 458,554
Rape Seed Meal Canada 1,573 MT —_— 1,648 MT
Alfalfa Meal Pellets Canada 138,409 MT 175,526 MT 203,363 MT
T U.S.A. 121,989 ° ' 120,840 119,174
Alfalfa Cubes. Canada ° 1,100 MT 808 MT 14,752 M
(Including Ipil-Ipil) U.S.A. 137,183, 193,465 276,604
China R 1,287 ©2,995
Taiwan — ——— 2,071
" Philipines 1,344 232 20
Alfalfa Bales ‘Canada - p— —_— 465 MT
U.S.A. 27,648 MT 44,843 MT 53,086
China 23,681 11,590 25,373
Taiwan 51 446 589
Philipines 2,328 853 889
Forage China 60,211 MT
(Including Cane Tops) Taiwan 14,447
: Philipines 9,061
Thailand 1,946
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Crude .

TABLE 6.7 COMPOSITION AND VALUE OF FEEDS IMPORTED INTO JAPAN

Crude Crude Crude
— ’Protein Fiber Fat Ash TDN DCP @/uc

Pineapple Cubes (Havaii) 1.5 24.5 40 ' i $220 (55)
Guinea/Cane striﬁyinéé (Haﬁaii) - 3;6 3756 | o;é - '$212 (53)
Cane §tr1pp1ng (ﬁﬁwaii) 2.2 40.6 0.4  — ——— —— $204 (51)
Guineq Grass (Hawaii) 4.7 38.5 1.3 10.0 46.2; —— $232 (58)
Cane Tops (Tdiwan) 6.0 27.6 1.9 7.1 50.4 4.2 $220 (55)
Cane;prs (Philipéineg) | y 9}7 28.7 3.5 7.3 52,0 4.5  §220 (55)
Napier Grass (Philippines) 13.12 . 27,6 4.0 10,6, |

Ipilifpil Pellets. (Philippines)  26.0 10.1 5.8 8.6°

Alfalfa Hay ,; S 140 34.6 1.7 8.2 50.0 103 $276 (69)
Alfalfa Dehydrated Pellets - 17.0 Min. 25.0 33 7 9.5 539 127 $208 (52)
Alfalfa Hay Cubes | 17.0 Min. 28.0 Max. 1.7 7.9 53.2; 103 252 (63)
Sudan Grass | 12.0 29.2 0.7 123 51.8 ° 5.5  $260 (65)
Cutting Clover (China) 14;3: 25,4 2.5 7.3 49.0  10.3 5228 (57)
Pincapple Meal Pellets 5.6 183 1.1 5.0 681 ——  $200 (50)
Beet Pulp- R 9.1 19.0 | f 0.6 3.6 67.2 4.3 $260 (60)
Soybean Meal 45.8 4.8 L4 5.8 753 421 $332 (83)
‘Rice Straw 4.2 28.6 1.7 15.4  37.8 ‘ |
_Copra Meal 21.8 7.6 8.5 5.3  70.4 17.5  $260 (65)




ASSUMPTICNS:
'Cperate:

FINANCIAL ANALYSIS - CATTLE FEED MILL

24 hrs./day, 300 days/year

“Investment: Campaction Equipment

Revenue H

Puna Sugar Mill Alterations
Transport System
Dryer Plant
Storage
Design, Engineering, Construction Management
Costs (12% of Construction Costs) -
Sub Total
15% Contingency
TOTAL INVESTMENT

Selling Price $120/ton @ 72,000 tons/yr.

$§ 68,000
1,000,000
535,200
2,500,000
85,000
150,000
450,000

574,584
$5,362,784

804,418
$6,167,202

$8 ,640‘,‘006
$ 480,000
540,000
571,392

5,400,000
36,000

486,000

861,538
$8,375,530

TOTAL, REVENUE
Operating Geothermal o
Expenses: (25 MBTU/hr. x 24 hrs. x 300 days x $2.67 MBTU)
Wood Chips
(2.5 tons/hr. x 24 hrs. x 300 days x $30/ton)
Electricity
(992 RKw/hr. x 24 hrs. x 300 days x $.08/kwh)
Sugar Cane Leaf Trash
(25 tons/hr. x 24 hrs. x 300 days x $30/ton)
Land Purchase
Operators
(15 x §13.50/hr. x 8 hr./shifts x 300 days)
Truck Drivers
(12 x $29.91 x 8 hr./shifts x 300 days)
TOTAL CPERATING EXPENSES (YEAR 1)
Escalation: | ‘8% year
Investment Tax Credit: 108
Tax Depreciation: 13.5 years Double Declm:.ng Balance
: Zero Salvage
Tax Rate: 50%
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Investment and =~ Profit before Depreciation

: Income Total
 other Cash Depreciation & ' - for . Taxable L after Cash

End of Year Flow Income Tax - Tax Purposes Income - : Tax Tax ‘ Flow
0 6167 : : B e S o | 6167

1 ( 517), ' , 294 ‘ o914 (620) (310) (310) 2221 )
2 3 18 460).. 230) 230) 548
3 343 o 663 320) - 160 160) - 503
4 370 - T 566 = 195). 98 97) 468
5 - 400 o481 8l): = (& ( 40) 41
6 432 - | - 410 22 - 1. -1 B a1
7 467 - - 389 ; ns - 59 - 59 § 408
8 504 V - 309 : 195 N 98 97. - 406
9 : 544 : 309 o, 235 N8, n7z. - 426
10 , ' 588 coor 309 279 140 139 448
n : 635 - 309 | 326 . 163 -163 472
12 : . 686 : oo 309 377 189 - 188 ; 497
13 ' 740 309 : 431 216 215 524
14 - 800 oo 183 647 - 324 323 476
15 : 864 PR 864 - . 432 432 432
16 o 933 - IR o 933 =~ 467 466 - 466
17 1007 S oo 1ee7 o - 504 0 503 o 503
18 1088 o - : - 1088 - 544 . 544 544
19 1175 SR LR N5 588 587 ... 587
20 ‘ ‘ 1269 . A O 1269 - 635 634 . 634
21 : 1370 1370 . 685 . 685 - 685
22 o 1480 O . 1480 - 740 - 740 740
23 ‘ 1598 - -~ .. . 1598 . - 799 799 799
24 1726 - ‘ S - 1726 863 863 - 863
25 o 1864 LT e .- 1864 932 932 932

Financial Summary

IRR: 7.75%
PV({O% ::{1003)_

12%): (1666
15%): (2392)

Table 6.8
CATTLE FEED MILL
FINANCIAL ANALYSIS ($000)




Cattle Feed Mill Summary and Conclusion

The after tax discounted cash flow rate of return of 7.75% is too low.
Further evaluation I.S necessary to refine the costs. One part:.cular uncer-
tain item is the cost of transportation to Japan A conservative flgure of
$40.00/ton is assumed.

There are also uncertainties about the ab111ty to penetrate the Hawaii
feedlot and dauy industries. Recent mfomat:.on 1nd1cates that guinea
grass produced on Molokai can be delivered to the feedlot for $58.00/ton.
Feedlot operators advise that qual1ty and price must canpete with that
$58.00 price. 'nu.s 1s nnposs:.ble usmg the proposed ﬁeedstock and process
‘selected for the cattle feed mill.

'merefore, the Japanese export market appears to be more attractive £or
theproductfmndzepmposedmll However, thetz'ansportata.mcostfor
delivery in Yokohama and a long term sales agreement would be required.

Most significantly for this study, the econcmies that result from the
use of geothermal steam are not large enough to be the determinant in the
success of a cattle feed mill.

At this time, it does not appear feasible to further consider a cattle
feed mill for the Pahoa commercial park. ‘
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- PART C: PAPAYA PROCESSING

This analysis concerns the feasibility of locating a papaya processing

and/or fresh packing facility in'a geothermal industrial park at Pahoa.

- Because over 75% of the State's production of papaya is located in the

Pahoa area of the Big Island and because the papaya industry 'expaneioh can

benefit the residents of lower Puna considerably more than other potential

industries, the study effort concerning papaya was extensive.

Market potential for papaya -
Product c:haracter:.stlc v channels of distribution, promotion stra-

Current papaya industry trends and problems
Supply projections for fresh and processed papaya
Processing and packing technology ’

Financial plans for the following proposed alternatives were developed

‘ _’Fresh packmg and p.xree prooessmg mtegrated
Fresh packing and dry processmg mtegrated

_j;Fresh paclu.ng, p.n‘ee processmg and dxy processmg mtegrated

In 1978, the State of Hawaii produced spproximately 14,849,000 pounds

of fresh papaya. This represented a value of $9,510,000 or 2.781 of the

o/ Introduction
* The:analysis reviewed the following:
‘tegy and pricing strategy

1. Fresh packing only.

2. Puree processing only.
3. Du:ypr:ooessing only.
4.

5.

"V-"I" - THE HAWATIAN PAPAYA INDUSTRY
Overview |
NG
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value of all Hawaii crops. 2As a crcé, papaya ranked 4th in production,
behind sugar, pineapple and macadamia nuts. »

In 1979, extreme temperai@:ure variations, severe rainstorms, and flash
floodmg damaged many acres of papaya trees and enhanced disease in many
more. 2s a result only 10,189,000 pounds of:fresh papaya was produced in
1979.2 The industry is still recovering from this set-back and is rot
expected to attain the 1979 levels of production wntil 1981. The Papaya
Mminiétrative_ Committee (PAC)* projects the -production, marketing and pri-
ces of fresh papaya. Their projection of papaya to be sold at the fresh
produce section of supermarkets is shown below.

~ Total Fresh -Farm
Production Price

Year (in millions of pounds) (£ per 1b.)
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

In May, 1980 the state's total acreage‘ in papaya crop was 2975 acres
as compared to the 1979 high of 3,245.3 The center of the papaya industry
resides in the Puna district of the Island of Hawaii and maintains 75% of

the state's productive capacity. This relationship is ‘expected to continue '

* Local private agency responsible for papaya market development
** Setback due to severe weather conditions and temperature variations.

6-60



since. Maul s Prmcess Orchards operation is phasmg out and Oahu s orchards

are used mamly ﬁor supplymg the Oahu market. , KauaJ. is rap1d1y developmg
"a papaya mdustry, however the Island of Hawaii is expected to oontmue

'producmg 75% of ﬂ'xe State's papaya crop

‘II-PAPAHPR)DIMSAND'D{EIRMARIETS :

'I‘he Market |
| This analysis concerns 1tse1f with three types of products:  Fresh
papaya, papaya puree and dried papaya. At present, only fresh and puree
papaya»have a significant market. In 1975 approximately 41 mllion pounds
of fresh: papaya were ;acked and narketed, ‘while over 2 mi111on pounds of
puree vere. processed fmm mb—standard papaya and marketed
‘Due tothelackofmarket mfonnauonmfreshaxﬁdrled fruits from
abroad and the establl.shed market i.n Hawau, thJ.s study Wlll mly con-
oentrate on the potentlal mainland U S. market.
R As shmm below, the per cap:.ta oonsumption of mnc:.trus, fresh frult
in the u. S., has generally been J.ncreasmg smce 1975. 3

TABIEGQ-FRE’.SHFRUITCD‘IS[I’IPI’IONN'BIBU.S.

PER CAPTTA  PER CAPITA PER CAPTTA ~  PER CAPTTA
FOUNDS OF -~ ~ FOUNDS OF = FOUNDS CF ' - = POUNDS OF
DRIED FRESH FRESH CANNED & FROZEN
. YEAR, - _FRUIT -  ~NONCITRUS - - CITRUS __ -~ _ FRUIT JUICES

1960, 3100 o o875 C 32,8 o - 24.2
19700 27 SL2 oo w281 - 29,1
1973 02,60 ¢ o 4T3 0 269 o . 324
1975 3.0 526 287 %S
9% 2.6 552 285 © e
1977 2.5 Cos44 282 3.2
1978 20 5.3 263 34.0
1979 2.3 56.2 24.3 35.7
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Dried fruit oonsumptlon has generally decreased smce 1960, but has
| recently denonstrated a posxtlve trend O
: The reasons for the increase m fruit product consmnptlon per cap:.ta ’
and in “total dollars of productlon, is due to changes 1n the values and
attitudes of consumers. Essentlally, ‘these trends are as follows:>
1. ‘There is a trend toward increased total family income and smaller
households which increases family disposable and discretionary
incame,

2. Households are generally younger and willing to try new things,
such as eating ethnic type foods.

| 3. Peopleareeatmgwtmre Eat:n.ngawayfrantnnexst.pSO%per
: capita, and restaurant sales account for about 35% of this increase.

4. People are losing their "sweet tooth" and becoming more
nutrition conscious. A recent survey by Wamen's Day
© Magazine indicated that 71% of their wamen respondents said -
that nutrition was their primary concern when planning °
meals., 77% of those surveyed indicated that this interest
in nutrition had mushroomed within the last few years.
|  These favorable demands and attitude trends indicate an opportmity
for the papaya industry to expand to new markets, Papaya is oons1dered
an exceptlonally nutritious food with seven ounces of payaya oontammg

approximately 3,500 units of Vitamin A and 80 calories.®

Papaya Product Characteristics

The primary product of the papaya industry is the fruit sold fresh to
‘the retail consumer through grocers and restaurants. 'Ihese papayas provide
the grower with most of his incaome, an average of $0.2 - $0.3 per pound.
The puree and dried papaya must be considered by-products of the industry
since it only provides the farmer with an average of $.03/lb. |

Fresh Papaya

| The Papaya Administrative Committee establlshes quallty standards for
the marketing of fresh papaya. These standards, to some degree, determine \?}
| 6-62



the proportion of total production available for the fresh and process

- markets. - Same lowering of standards occur durmg times of short supply
.. with elevating of standards occurmg during tunes of surplus production.

In the fresh fruit market, quality standards are essential and some control

. »is needed. ‘The control currently provided by USDA inspectors is expected

to:continue,

Papayapuree
'menarketforcannedfruitrectarisexpandmgrapldlyaspeoplettmn

| frcm sweet sodas to mre natural and healthy fruit juices. Gcmpames

such as Kerns and Meadow G:)ld* have detmstrated the ablllty to market the
nectars of exotic fru1ts as well as cammon juJ.oes.

Although canned fruit juices have had more success in oc.mpanson to
frozen Puree, some prospects of concentrated p:oducts .appear encouraging.
'Ihe Maseptic” process of pmducmg nectars allows a campany to package
individual cans that .can:be stored ‘at’ room ‘temperature. - Since much of the
world does ot use frozen foods regularly, this new process provides a

significant advantage over frozen juices.

DrJ.ed Papaya o
A very lmited q.:antity of dr1ed papaya is presently sold i.n health

’ffood stores mcluded m "tra:.l m:.xes"

Anewprocess czlled the "deBevecprocess" issa:.d tobeabletopro—
duce large quantitles of dned frult that is essentially the same size and

shape as its mput and tastes very smilar to fresh. ‘

* Meadow Gold is the local producer/distributor of dairy/dairy products and

processed juices. Kerns is a nationally reputable firm involved in
canned fruit juices.
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If these producf characteristics are accurate, dried papaya can beccme &ﬁ
an alternative use for sub-standard papaya. This product could be sold as
a health food or snack which is distributed in bulk to another processor or
- packaged for final consumption. . |

Dried fruits and nuts are among the most .cammon and best selling areas
of many supermarket chains.” Some authorities estimate this segment is
growing at 6% 'avyear,- twice that of other grocery products.8 ‘
This study will assume the charactenst:.c of the dried papaya as
 indicated and further assume 1tmllbepackagedmbulkandsoldtoothers .
for further packaging and mixing. Continuous product development effort
must be provided in the busmess plans of any orgamzatlon mcor:poratmg

this new process.

Product Positioning

Orange juice, grapefruit and other breakfast fruit and juices are
papaya's most direct campetition. Consumers tend- to-consider papaya.a
breakfast fruit. Therefore an effective marketing plan should emphasize
the versatility of the fruit.

Fresh papaya may be positioned as a low calorie dessert. Si.milarly,
the fresh and dried papaya may be cmxsldered a nutntlous and healthful
snack 'rne puree may be developed as the base for all-day, refreshmg and
healthfuldrmkaswellasabase for use in cakes, yogurtsand :Lcecream.

In sumary, the miustry should pramte papaya products as a
nutr:.tious, healthful and natural food that can be used mth any meal or as
a between meal refreshment and snack.



Channels of Distribution = . -

Channel Members

At present, papaya packe‘ts sell 75% of their production directly to
retailers or through a major marketing arm, . These marketing arms may be
organizations closely associated with:the packers such as Mr. Papaya's Puna
Processsors or totally independent such as Puna Papaya's Californian -
Avocado Cooperative (Calavo), - -

Restaurants also provide-a potential market for fresh papaya and papaya
puree. while this channel of dlstributlon may not provide the volume of
otherdmamels, it&anservetomtroducenewmstanerstothep:oducts
This trend, coupled w:.th a pranotion effort that cooperates with restaurant
- :chams can develop a whole new market (restaurants) as well as st:um:late

fdemandmthegr:oceryd:annels. o '

P_hys1ca1 D:.str:.butim

At present, the U.S. Mamland is the largest volume market for papaya.
'the najor U.S.’ destinat:.on pomts for fresh papaya are listed below m the
order of the quantities received: !

', l. . los Angieles,,
" 2 San Francisco

3. Seattle

. 4, Portland

. 5, New York

- 6. Chicago
7. Detroit :
" 8.  Minneapolis
'9.,  Boston

10.  Washington, D.C.
‘Other major markets include Japan and Canada (Toronto and Vancouver).
Markets cutside the United States sppear "timely" for develcpment.
Many countries aromd the ubrld are ﬁollowing trends similar to those in
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the U.S., and thus creative marketing and product development strategy
could open these new opportunities. This analysis concentrates on
marketing papaya vto‘ the U.S. as marketing to foreign countries involves
factors beyond the scope of this study. - -

The uncertain availability of overseas transportation coupled with high
transportation costs are definite concerns of the papaya J.ndustry in Hawaii
County. The basic transportation alternatives for the Island of Hawaii to
points within the United States are shown in Table 6.10.

TABIE 6.10 N
'I’::ansportat:.on Alternat:.ves for Fresh Papaya

R B -} - | Trans. Cost| Damage Cost | Total Cost
Transportation | No. of Days | Cost Per | Damage | Fer Usable Fer Usabl Per Usable
Alternatives | in Transit Pound Rate ‘Pound Pourd - Pound
Alr

Hilo-L.A. 1 15.4¢ 2.5% 16.2¢ 0.9¢ , 17.1¢

[HI~Continentalf | | 4 ‘ 7

Weekday 2 13.5¢ 5% 14.2¢ 1.8¢

Weekend 2 11.4¢ 5% 12.0¢ 1.8¢ 13.8¢
Surface

Matson

Hilo-L.A. 7-10 2.4¢ 203 3¢ 8.7 11.7¢




~ The surface route 1s the lowest cost alternative when 1/4 ripe fruit
is shipped Papayas are usually transhlpped via L.A. to eastern destina-
tions. When speed is mportant or when 1/2 - 3/4 ripe fruit is shipped,
air t::ansport must be used.- Products such as papaya are normally shipped
FOB - Destmation. _ The processor will have to absorb the cost of
transportat:.on and the cost of inventory while m shipment.
: mstofthefreshpapayareachesrestauranfsarﬂgrocerscloseto

major air transportation centers.

The alternative transportation forms, along with their approxnnate

oostperpomdﬁorplmeeordnedpapaya,areasﬁollows

&r.: HP TR
uuted (I-nlo-r.os Angeles) , . - 13.9
Continental mL (Hilo-Honolulu-I.os Angeles) - 12.5¢
Matson (Bilo-los Ageles) 2.8

Prices ' " -

 Prices of fresh papaya vary considerably from year o year and

.‘seasonally. “Much of this variation is due to'the'total”suoply of fresh

fruit in the market. Farm prices of fresh papaya shipped to the Mainland

“varied from 13.2¢ per pound in November 1979 to 35¢ per pound in May 1979.

In 1980, ‘the price received by the 'packers has varied s:unilarly to the' farm
price and averages about 40 per pound." R

Much of the price variation -can be reduced through effectively
matching supply w:Lth ‘demiand. ' In times of excess ‘supply relative m' ’
established market demand, firms 'in the industry can:
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1. Channel fresh fruit to market development areas for spec:.al
pramotions with retailers. .

2. Channel some fresh fruit to the production of puree and dried
papaya. In this way, €xcess papaya can be stored in another
form. When demand is high, channel less into the by-product
and sell off the stored inventory.

The prices of all papaya products may also be stabilized through
proper product positioning. By developing a papaya products ﬁuage of a
nutritious, healthful and exotic fruit, it becames more compatible with the
attitudes and desires of the current market. - |

Dried and pureed papaya have less price fluctuations due to their long

storage capability. Pureed papaya is now selling at $0.28 per pound,
FOB-Destination. Negotiations for better terms should be possible as

the market for all papaya products increase. The current retail price of
dried fruit ranges between $1.59 to $4.00 per pound bulk. The price to a
wholesaler is estimated to be $1.75 per pound in bulk FOB-Destination.

III CURRE[\TI‘ANDPOI‘EN'I‘IALSUPPLYOFPAPA!T&PROUJCI‘S

In 1978, the industry's peak year of production, over 83 million
pounds of papaya were produced with approximately 5% being unusable.
Approximately 54 million pounds were sold as fresh papaya, 9 million pounds
wereusedingxreepmduetionandoverlSmillionpomdsweremtsoldby
the farmer. The 1978 yield per acre was 29,200 pourds.

The papaya industry controls approximately 2900 acres on the Island of
Hawaii. This represents a potential yield of over 80 million pounds of
papaya. Another 10-20 million pounds could be produced on neighboring.
islands. This represents the short-run potential.

2dditional land is available in the Puna District for papaya
production. The State of Hawaii has ‘approximately 1080 acres of land

6-68



available for lease that could be used. 2Additionally, the Hawaiian Homes
Commission* and private individuals have "acreage not otherwise being used.
The State's acreage alone eirepresents a potential 30 million pounds of

- papaya.

‘The market requires ,furt_:her_:developnent before the farmers will expand
. and increase production..: Growers are cautious because it costs $1200 to
$2000 an acre to prepare new land for planting. .

To campete in the market for puree and dried papaya, low cost sources
of papaya are necessary. Because of the low price paid to farmers for
their "culled” papaya, the pureed and dried papaya should be considered a
by-product of fresh papaya production.  Qurrent research is being performed
to develop a low cost, large "melon-type" papaya for processing purposes.

E‘resh Papaya Packmg
There are f1ve najor papaya packmg and processing a:mpames m
\Hawau. 'mese flnns, alcmg w:Lth the mmber of acres papaya productlon and

‘the total runber orE acres ava:.lable ﬁor production are as follows

Total | % Total 2 ‘v% :

; , : - Acres - of Acres in = of
- Company . Available - Total Production - -Total -
- Puna Papaya 1255 ... 43% . 666 368
'~ Mr. Papaya : 750 ¢ 26 500 . 31 .
L. OnoPac - . i -400 0 0140 © 300 16
- Diamond Head : 300 10 160 o : 9
 pel Monte . 200 .. .7 150 8
. 'Ibtal . 2905 ¢ f-<~ioo%- . 1717%6 1008

 These flgures provide an indicatlon of the potential supply of papaya
available to each packer at the ‘present time,

* A local organization with large land l'oldirxgs.
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Based upon o.lrreﬂt acreage and a five year projection, it is possible
_to distribute the Papaya Administrative Cammittee's supply projections
among the local packers (Table 6.11). These supply projections are shown
in Table 6.12. -

The supply projections are based on a 8-10% annual growth rate. Until

. it is demonstrated that agressive marketing effort can effectively stimu~-

late demand for pepaya at a profitable price, there projections should be
used as a guide for farmers.
TABLE 6.1l
FRESH -PAPAYA PRODUCTION, MARKETING, PRICES AND INCOME

1974 - 1984
(PRODUCTION IN MILLIONS COF FOUNDS)

Fresh Fresh

Farm Sales
: | Total | Percent | Price -} (Millions
, Local Forexﬁ%%%?m Fresh | Exported | (£ per IB.) | 0=9)

1974} 13.1 | 3.0 18.5  21.5|34.5 | 62.3 13.9 $ 4.0
1975 [ 12.2 | 3.3 19.5 228|350 | 5.1 15.8 5.5
1976 | 12.7 | 3.9 27.0  30.9|43.6 | 70.9 13.5 5.9
1977 | 13.2 | 4.6 36.2  40.8|54.0 | 75.6 13.2 7.1
1978 | 14.8 | 7.1 33.7  39.8|54.6 | 72.9 14.4 7.9
19794 10.5 | 5.5 19.0  24.5{35.0 | 70.0 27.0 9.4
1980% 14.5 | 9.5 33.0  42.5|57.0 | 74.6 17.5 10.0
19814 15.0 | 12.0 38.0  50.0|65.0 | 76.9 19.0 12.5
1982] 15.5 | 14.0 40.5  54.5070.0 | 77.9 2.0 | 15.0
19834 16.0 |16.0 . 43.0  59.0{75.0 | 78.9 23.0 | 17.0
19844 16.5 | 18.0 45.5 63.5{80.0 | 79.4 | 25.0 | 20.0

* 1979 - 1984 Estimated

1/ Includes direct sales to Japan, Canada and other forez.gn destinations.
2/ Includes direct sales to Canada.

Source: Papaya Administrative Committee
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TABLE 6.12

RARA!A INDUSTRY SUPPLY ER&JECTIONS 1980-1985
Hawali Oounty Dmstrlbutlon ,

State FHHawaii _ AMRAC - Mr. Eapaya all
“Total " County  Puna - coop Other
under harvest 7 - 100% 36% 31% 33
- in 1980 .- .o oo o o 0 (1836) ' :
1980 Projection - . R PN RIS R RO -
Fresh 57.00 42,75 = 15.39 - 13.25 14.11
.- . Process - 266,317 19,73 - ¢ - 7.100 0 6.12 - 6.51
Total Usable 83,51 ;‘52-18 .. 22.49  19.37 = 20.62

1981 Projection

- . Fresh - “. '65.00 - 48.75 - 18.23 ' 14.63 15.90
Process 30.00 22.50 8.42 6,75 7.33
1982 Projection . T Lo , o
Fresh 70,00  52.50 020,37 - 15,23 16.90
‘Process 7 32,31 24,23 ¢ 0 9.40 - 7.02 - 7.81

 Total USabLe 10231, Y63 W/eT? | 25 | WL

1983 Eto:ection : - _
Fresh 75.00 56.25 22.61 - 15,75 - 17.89
Process 34.62  25.97 10,44 @ 7 L

1984 Projection ST o e
- Fresh , 80.00.  60.00 24.96 16,20 18.84
Process = % 7 36,92 27.69 - 11.52 - 7.48 8.69
Total Usable 176,92 87.6 36.48 23,68 27.53
1985 Projection , , T
~ _Fresh - 87.00  65.25 28,06 16,97 20.23
Tbtal USable - 127.15 95,36 41,01 24.80 29.56

by B . R O o
. available for - - oo - 71008 - 43% - 268 31%
production in _ (2905) '
1985 : et IR N
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IV - PAPAYA PROCESSING

Presently, there are three major companies in Hilo, Hawaii making
puree, Puna .Papaya, Suisan Fruit Processiné ard Hav}a;iian Fruit Flavors.
Puna Papaya deals solely w1th papaya while the others process guava and

passion fruit as well. The island of Hawaii's total papaya puree produc-
7 £i0n 1s estimated at 5000 to 6000 pounds per day.

In 1980, the Island of Hawaii should have almost 20 million pounds of
papaya available for processing. This represents approximately 9 million
:pounds of potential puree. By 1985, over 30 ‘million pounds of papaya or
13.5 million pounds of puree could be available. o

~ la Malo'o, a new papaya drying operation, produces aépmi:imately 500
“lbs. of dried pepaya a month using an experimental solar heat process. The
product is good, a bit sticky and tastes like apricots. Assuming 10
m.i.llion’ pourds of PaPaYa were available for progessing using the deBevec
technique, it is estimated that approximately 800,000 pounds of dried
papaya would result. |

Because the supplies of processed papaya products are closely tied to
the fresh papaya market, coordination of demand and supply ls required
to make an integrated packing processing operation profitable.

PROCESSING TECHNOLOGY

The proposed papaya processing'plant at thegeothemal industrial park
would utilize the papaya industry's current engineering and technology for

both fresh and puree processing. The deBevec dehydration process for dried
papaya is a relatively new process developed in Nevada.
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Fresh Papaya Packing

The papaya reaches the packing plant in field boxes. These boxes are
dipped in 120°F water for 10 minutes to kill any larvae on the skin. The
boxes are then sprayed w:.th oold water to g'event overheatmg the fru1t.
 After heat treat:nent, the papaya is fumigated mth methol bromide and is
ready for packing. |
In the packmg plant, papaya is sorted accordmg to npeness and size
,‘and packed into dlf.ferent size boxes for shlpnent. Packed boxes are refri-

gerated untJ.l shipnent.

-Puree Processing
A typical puree processing plant washes -the papaya before putting it
- through a slicer. The sliced papaya are then mashed and seeds and skin are

separated from the pulp through a rotating sieving system. ‘The juice is
then chilled and the ph of the Juice is adjusted accordingly. The chilled
Jm.ce is packed in plastlc bags or drums for shlpment. A disadvantage of
this method of processmg is that refngeratmn of the juice is requu:ed
throughout the distribution process. ' |

The new asceptic process 1s moposed for the geothermal industrial
park. (See Figure 6.6). In this process the juice is heated to 205°F for
a set time and quickly dxil]‘.ed‘to 80°F and paeked mder sterile conditions
in containers. ‘The advantage of this prooeSs is that refrigeration of the
finished product is ot required. Puna Papaya, Inc. has tried a batch of
this process and their experience has been that the ju’ice kept extremely
well and mo difference mtastewasdetected after 3 months. They are
currently testing for longer shelf life. No results have been reported to

date.
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The recovery rate of the puree is approximately 45% of the input \7}
culled papaya by weight.

' Papaya Drying Process
The papaya drying process (deBevec process) utilizes a special drying
technique which has ot been provevn‘on a commercial size scale. In such a

plant, the fruit would be halved and deseeded with chunks of the fruit being
removed. 'Ihe drymg process requires heat of approximately 140 to 150°F.
Part of the process is acoanplished in a vacuum with a vegetable oil media.

It is assumed that such a plant would produce 500 lbs. per hour of
dried output utilizing processing machinery costing approximately $500,000.
Over 40% of the culled papaya is usable and the finished product is 20% of
the usable papaya.

Integratéd Plant
Figure 6.6 shows a schanatic for a 3-process integrated plant. The main

advantage of the plant is the sharedr functions of receiving, shipping and

sorting.
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V = FINANCIAL PLANS

Financial plans of the six alternative papaya packing and/or processing
facilities were developed based upon the foregoing information, local
industry operating statistics, and national itﬂustry averages.

Assumptions:

Income Statement

Net sales (wholesale prices):

1. .40/lb. fresh (FOB Hilo)

2. .28/1b. puree (FOB W. Coast)

3. 1.75/1b. dried (FOB W. Coast)
Cost of Goods: $.20/1b. for fresh top grade pepaya from farm.

Packaging & other direct cost: i¢/lb. for fresh and puree papaya.
. 2¢/1b, for dried papaya.

Direct labor cost: 1. Plant Manager - 40,000/yr.
| 2. Supervisors - $25,000/yr.

3. Labor/operators - $16,000/yr.

4., Secretary/clerk - $16,000/yr.

Energy: Direct Heat Requirement Cost

13 million lbs. of
fresh fruit 2,000 MBTU/yr. $ 5,340

5 million lbs. of
puree 1,250 MBTU/yr. $ 3,340

880,000 1bs. of dry
papaya 3,520 MBTU/yr. $ 9,400
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Insurance, fees, taxes, and J.nspectlon- 2. 5% of sales. L
Royaltles' 5¢/1b. of drled (deBevec process only)

land purchase: $12, OOO/acre o

' Cost of producuon- 1 -1 5% of sales.

: Deprec1at10n. 20 yr. stralght lJ.ne. N o

' Shippmg & recelvmg oost. $68 ,000/yr. mcludmg personal supplies &

Sales &'advertisi.ng: 5% of sales

| Transportation: 1¢/lb, = local . 2.2¢/lb. - overseas

. Market & product development cost: - 2.5% of sales

Interest rate: 12% = long term

Miscellaneous sales and administrative expense: 2% of -sales

Other income: Unusable portions of papaya sold to ethanol plant as
feedstock for $25/ton.. |

Papaya Processing Plant Site Atea Requirements and Elements

. 'The basic papaya processing plant conceptual ‘site layout is shown on

Figure 6.7. The overall dimensions of the plant site are 520 x 280' or

145,600 square feet, which equals 3.3 acres. This initial plant area size

contains sufficient area for expanSion.

The site area includes the ﬁollewi:xg majorzelements.

° Administration Buildmg oontaming offxces p laboratory, lunch
room, locker area, toilets arxi shower roam. Total building area
required is 3,600 square feet.

° Maintenance/storage Building - ’consisting of equipment, carpentry

| and electrical shops, .spare parts storage, and ocperations and
maintenance supplies and equipnent. Total 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 process Vlines
and eqﬁignent; 2,800 square-foot freezer with 48,000;pom1d capa-
city and 15~ton refrigeration wnit; stbragé/labeling/shipping area
of 3,500 square 'fee't;v mcanmg fruit storage and Vsorting area of
3,500 square feet; a covered dock of 4,500 square feet for
loading/unloading purposes; and a storage warehouse area of 8,000
square feet. This latter area would be available for process line
expansion, if required. Total area covered by the warehouse
building is 32,000 square feet.
° Truck, Employee and Maintenance Equipment Parking Areas.
All facilities within the plant area have been sited to provide an
efficient flow from receipt and storage of the raw products through
shipping of the finished products. |
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Construction Costs and Annual Operations and Maintenance Cost Estimates

The cost estimates provided below are based on the plant facilities
shown on Figure 6.7. All costs shown are based on July 1980 dollars and
should be considered as order of magnitude costs. Further verification of
revenue and cost information is necessary before any of the alternatives
analyzed here are undertaken. Additionally, the costs shown are only fbr
" those items w:.thm the fenceline of the process plant site. ‘
Construction Cost Estimate
°  Site preparation, paving fencing,

yard lighting and landsceping : $ 350,805

°  Administration Building (3,600

square feet) including offices,

laboratory, lunch muil, toilet

roam, shower and locker room $ 337,920
° Maintenance/Storage Building |

(3,000 square feet pre-engineered

metal building) including floor

slab, lighting and power ; $ 69,150
° Warehouse and Process Building

| (32,000 square feet, pre-engineered

rigid frame) including process area,

2,800 square feet ff:eezer, storage/

labeling/shipping area, incoming fruit

storage/sorting area, covered dock

area, lighting, power, waste disposal

‘and plumbing - $1,030,825

6-80



° Water Supply Line, Drainage
- Structures, Electrical Supply.
. Lines, Boiler and Air Compressor .
" House . - S e T oS 141,380

.® . Miscellaneous Items-and

- Contingencies = -~ oo 0E S - :$_ 193,020
Subtotal Construction Costs. .. S 082,123,100

Design, Engineering and Construction
Management (assume 12-percent of -

. Construction Costs) ~ . .- . 0§ 245,770
- Total Estimated Construction Qosts . - - . .. $2,368,870

‘ Anm1a1 Operatlons and Maintename Costs

° ' Annual Persomnel Oosts R s 420,000
e Anm:alMaintenamersts(me—half IR
B “ofcnepercentof hotal construction |
ecosts)y | | | $ 11,845
o 'Annualq)erationmsts(Spercentu
' of total equipnent Gosts,

estmated to be $800 000) : N 4 ) $ ”40,000
e Amual OQeratz.ons and Mamtenance (bsts . $ 51,845

~ Total AtmualvPersonnelfarxi‘foE& M.;_Costsrl' oSl $ 523,690

'IhepersonnelandO&Moostsdomtincludetheannualcostsof
geothermal fluids R electncity purchased, potable water, raw products,
trucking O & M or persomel costs, taxes, insurance, royalties or process
licensing fees. .




Plant Site Utility Requirements

The quantities listed below are based on the plant layout and facili- -~ ‘
ties shown on Figure 6.7. Certain assumptions, based on available
literature, have been made regarding process equipment utility
requirements., 2dditionally, for the purposes of this study, it is assumed
that the freezer unit would be a conventional freezer. Should geothermal
fluids be used for freezer purposes, t’heéuantityof steam  required will be
greater than that shown.

° Process steam - maximum flow required will be 1,100 pounds per

hour at 5 psig, for a total annual requirement of 35 x 106 pounds.

.~ °  Electrical power - maximum required. for process equipment will be
100 KW per hour. Lighting and other miscellaneous items, such as
office air conditioning, will require 40 KW per hour. Total
annual requirements will be 650,000 K. |

° Water - maximum qxantity required for process purposes will be 70
gallons per minute (GPM). Building requirements for showers,
drinking purposes ard sanitary sewage will be 15 GPM. Fire pro-
tection requirements w111 be 600 GEM, for a total annual require-
ment of 13 x 106 gallons. ,

° WasteWaterStreams-processwastewaterisestimatedtobe?O@M
at a temperature of 70°F to 80°F and sanitary wéstes are estimated
to be 15 GPM. The only other waste water stream will be storm
water runoff, which is estimated to be 30 cubic feet per secord,
basedbcn the average ten—Year storm.
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Atmospheric Emissions

Atmospheric em:.ssxons frcm the papaya processmg plant are expected to
be minimal smce there are few potential ‘sources. The nature and quantity
of emissions fram the process equipment cannot be- stated withany .,degree of
reliability at this time, since the various ccmponents are unknown.
However, assuming ‘there are either steamers for sterilization or other
pressure vessels, atmospheric emissions from this equipment would indicate
a malfunction of the equipment and remedial action would be-taken -
iumediately.

‘ Indirect sources of at:nospheric emissions will be vehicle enissmns
generated by delivery trucks ‘and employee vehicles. 'Ihe quantities of
.emissionsareexpectedtobemmmalandmtadverselympactthe
industrial park area. However, total park vehicle emss:.ons should be
"estimated once the total runbers of processes and vehicles are known.

' E‘ugit:l._ve,dust-is‘ ‘not expected topresent serious impacts -since adequate
plant area landscaping will help control dust. It has been estimated that
':, the majority of the papaya processing plant site will be paved for parking
or vehicle maneuvermg, further decreasing the potential dust sources.

VI - RISKS
v Potential pr:oblems of the anaii Papaya Industry were sunmarized in a
- presentation to the Pgriculture Cbordmation cmmittees fcr the State of
’.HawaiionMarChZI, 1979, . Lo
1 I.ack of an ecommcally acoeptable alternative to EDB (ethylene
e dibromide) for fumigating papaya for export.. :

.2+ - Inadequate air-lift for- exporting papayas and for- shipping ‘papayas
from Hawaii and Kauai to Oahu for transhipment to export markets.
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4.

'50

6.

7.
8.

9.

10.

17.

18.

19.

Lack of adequate control measures for post~harvest diseaées ad
the lack of full understanding and control measures for preventing
the rapid deterioration of papayas after they arrive on the

- mainland.

_Inadequate market development for fresh papaya and papaya

products.,

'Papaya mosaic virus oontmumg to be a threat to the papaya

industry.

‘Lack of adequate weed control.

Lack of continuity and reliability of supply.

Lack of freezing technology for papayas and inadequate information

on aseptic packaging of papaya puree for overseas shipping.

’Famers unable to cbtain the guantity and quality of people they

need.

Methods to overcame the yield decline problem and the magnitude of

the problem are mt known.
Cultivators with res:.stance to papaya mosaic v:.rus and fn.ut and

" root diseases are mot available.

Lack of adequate control methods for powdery mildew.

Insufficient research on market potential and market development.
Insufficient information on what effect irrigation has on yield in
Puna, Hawaii, and yield, fruit quality, fruit set, and sterility
in Moloaa, Kauai.

Lack of adequate containers for surface shipments.

Lack of information on current costs, returns and profitability of
papaya production.
Critical mutrient levels for trees up to 12 months of age and for

trees over 30 months of age are not known. Minor and micro-
element needs for trees older than 30 months are not known.

Overcoming apparent lack of understanding and specific information

" exchange between lenders and borrowers (farmers) on financing

papaya farms.

Lack of adequate packagmg and packaging systems ﬁor shipping
papayas by air and surface.

w



20. Costs of ownership and operation of alternative mechanical har-
vesting methods for various-sized farms are not known.

21. lLack of effectlve, reglstered chemical to control mites in dry
production areas.,

22. Many public rules and regulations put unnecessary burden on
farmers.

- Even though the papaya mdustry m Hawau has ex:.sted since the

| 1940's, it is still msophisticated in production and marketmg technology.
Other risk factors must also be evaluated. Some of these factors are

included in Tabie 6. 13. 'Ihe integration of. 3 processes. reduCes the risk

""attendent to any one process standmg along 'Ihe f.resh packmg and puree

| processes have ﬁewer associated uncertainties because such facilities

already exist with proven technology and marketing channels.
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Level of Risk or Uncertainty

Factors Affecting Fresh Puree Dry Fresh & Fresh & Fresh,
Risk Only Only Only Puree Dry Dry & Puree
Dependence upon raw material
supply Medium High High Low to Low to High
Medium Medium ’
Production Technology Low Low to High Low Medium Medium to
Medium High
Market Trends Low Low to Medium Low Low to Medium to
Medium ‘ Medium High -
Financial Medium High Medium Low to Low to High
Medium Medium
Revenue Deviations Medium Low Medium Low to Medium Medium to
to High Medium to High High
Cost Deviations Low to Low to Medium Low to 1Med*um | Medium to
Medium Medium to High Medium o ' High
Probability of Direct High Medium Low Medium Low to Low
Competition Medium
Overall Risk Low to Medium Medium Low to Low to High
Medium to High Medium Medium
Table 6.13
C RISK ASSESSMENT C




Considerable mcertamt:.es ex:.st w1th the deBevec drying process. As
more mformat:.on beccmes avallable, these mcertamt:.es may be reduced.
'me study Stlll recamends mcorporatmg an. mtegrated fresh packing and
dry processmg facillty, prov:.ded addltlonal informatlon verifies fhe |
;‘mformatlon utilized in this analysm., |

':*"VII - omcwsmus AND mmmm\xs
i 'Financlal Evaluation |

'Ihe cbjective of thls report is to pmv:.de f1nanc1al plans for the ,
- various altemative fac111t1es. Table 6 14 evaluates the mpor:tant finan—

o cial statist:.cs of each alternatlve relative to cne another and relat:.ve to

-~ the mdustry averages. “Fresh processing alone provides the best return.
It is al_so;cbvlous; that additional returns can accrue to a fimm that
invests'rin processing papaya by-pmducts such as dried or pureed fruit.
L Those alternatlves with- lowest return on- equ:.ty and cash—-flow are the
single puree .and drymg plants and the 3-process integrated ‘plant.
,return -on assets of -these facillties is qulte low, mdxcatmg ‘inadequate
utilization of assets, = While pmf:.t rrarg:.ns seem- adequate or above
: mdustry averages, there will ot be szgnif:.cant papaya (culls): available
in the near future to provide a better cperating volume 'nu.s ‘is espe—
cially true in. the case of the 3-process integrated plant that could effi-
ciently process -as much -as . 35 t0 70 mllion pounds of papaya culls a year.
| 'nus would require a fresh papaya market of 75 to.:150 mlllon pounds ‘per
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TABLE 6.14

Alternative Facility

Fresh &
Financial - Fresh -Puree | Dxy = | Fresh & Fresh Puree &
Factors Only Only Oonly Puree & Dry Dry
Plant Iow to Very Very Low to Very
Utilization Medium Low Tow | Medium Low - Low
Profit
Margin High Medium High High High Medium
Leverage : Medium  Medium .
Flexibility Medium Low Low to High to High Low
Return on Very Very
Equity High Low Medium | High High Low
Cash Iow to ‘Very - Iow to Low Very
Flow Medium Low Low Medium Medium Low
to Cycle & Medium Medium Medium
‘Seasonal Low . to High | to High | Medium Medium to High

Fluctuation

To increase the ROA, these facilities must go cutside the papaya

industry and process other types of locally available fruit. Although

there is considerable campetition in the puree area, the guava and passion

fruit industries are growing. The drying facility could also dry banana,

coconut, pineapple and vegetables if sufficient supplies of these raw

materials were available. As long‘'as a profit margin a:ists, all addi-

tional production will assist in increasing the returns on equity and cash
flows of all facilities processing papaya by-products.

. The 3-process integrated facility, however, appears too large for the
papaya industrf at the present time. To arrive at a 13.5% retwrn, the
large facility would have to process over 34 million pounds of papaya to
break‘even on the by-product processing. This low level of plant utiliza-
tion would require that growers produce an additional 14 million pounds of
papaya by its first year of operation. This would require approximately
1,000 acres of production, or an addition of 3-400 acres mot presently
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devoted to papaya. By 1985, more normal returns fran this facility would
exist assummg a 10% growth per year, or another 150 acres of productlon.
- vAt the present time, it is. unreasonable to expect far:mers to invest over
$l million in land preparatlon witbout some guarantee of sales. |
Of the two smgle bybpmduct fac111t1es ’ the drymg operatlon offers
'the best potent:.al. While the market dxannels for ‘pepaya puree have been
developed the pr:oflt mar:gin is lower cmpared jxe) the dried product Smce
the drymg fac:.l:.ty produces a product that is umque within the i.ndustry,
 a more inelast:.c price will result allowing potentlally larger margms
Also the potential for processing other fruits and vegetables is large.
‘Alternative products, such as trail mixes, are also possible.
Mditionally, this process provides for a different market for papaya
products,  While papaya puree has established markets, it also has the
potential for greater competition among prooessors. 'me drymg process is
thus recommended over the puree process’ due to its 'future” profit potential.
- An integrated plant provides for cost savings from more efficient use
of resources. Savingscould be'realized‘iri theareas of transportation and
sorting consolidation as well as administrative overhead. Additionally, an
integra’ced- facility ’pmvides the flexibility of directing pepaya supplies
- to’the most profitable output. “In times of excess supply,mreby—products
may be produced and stored, for exanple. As noted in the 1985 projections,
thereu:rnsmthedxymgandfreshfaclhtyaregreaterthanmefresh
aalone 'Ihis return does not mclude some of the cost -savings d1scussed or

indlcated m below.
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POSSIBLE QOST SAVINGS DUE TO SITE

, : Fresh,
:  Fresh Puree Dxy Fresh & Fresh Puree
Cost Items -1  Only only only Puree & Dry & Dry
Direct Heat Medium|{ Low High Medium | High | High
Retrigeration/ | '
Absorption High Medium | None . High - High High
Electricity Low Low Low Low Low Low
Transportation | , T T R
Consolidation High Low Low High High High
Lease Cost Low Low Low Low Low Low
Sorting R
- Consolidation High Low Low High ) High High
Administrative | . ,
Overhead None None None Medium Medium Low

Except £or the cost savings identified, there is no particular reason
for having a fresh facility in the Pahoa Industrial Park as opposed to
anywhereelseintheﬁiloqrhmaareas. Because of the scale of the
operation, 10-20 million pounds a year, an existing packer moving to the
sj.te 1s the only viable alternative. The two packers of sufficient size
| and investment @pabilities at present are Pm.fac's Puna Papaya and the
growers' cooperative, Mr. Papaya. Although further study is needed, the
cost savings of moving to a new facility would probably mot be as large
as the cost of moving. In the case of an integrated plant, however, the
cost savings coupled with additional returns might be a significant inducement

to move.

Provisional Ranking
Based upon the information presented and assumptions utilized, this

analysis provisionally concludes that all alternative facilities except the
‘3-process integrated plant are viable options for inclusion in the conceptual
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Pahoa Industrial Park. The dry processing with a fresh packing facility is

ranked nunber ane.' The ranking of the alternatives is:.

1.
2.
. 3.

5.

dry processing with fresh packing

dry processing only .
puree processing with fresh packing -
puree pmcgssing only -

fresh packing only.

It will take an éxi'stirig organizaéion w:.th sufficient capital and

assurances of large supplies of papaya to implement the recommended plan.

Some assistance may be found in the minority business program of the Small

Business Administration. o
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Table 6.15

COMPARISON OF PROCESSING ALTERNATIVES FRESH, DRY
AND PUREE
PROFORMA INCOME STATEMENT FRESH PUREE DRY FRESH AND . FRESA AND (Dry & Puree at breakeven
1980 Estimates (000) ONLY ONLY _ONLY PUREE . PRY Fresh at 17 mil 1lbs)
Net Sales 5200 1400 1540 6600 6740 - 8470
Cost of Goods Sold
Direct Cost
Raw Materials 2600 440 440 3050 : 3040 ~ 3908
Packaging & other 390 150 53 540 ; 443 629
Labor: :
Supervision & Maintensnce 50 30 50 50 50 100
Operations 160 38 _63 192 ‘ 224 320
Total Direct 3200 678 606 3822 3757 4957
Production Overhead ‘
Secretary/clerk/records 16 8 8 16 16 32
Energy and Utilities 80 10 50 90 130 160
Insurance, taxes, inspection .
fees (excludes Fed. taxes) 125 45 45 170 170 250
Royalties - - 44 - 44 24
Depreciation 140 80 100 213 235 395
Lease Cost 22 22 22 44 ‘ . 44 44
Other _40 20 _20 _50 _60 - 100
Total Production Overhead . 423 185 289 583 699 © 1005
Total Cost of Goods Sold 3623 - 863 895 4405 ' 4456 5962
GROSS MARGIN 1577 537 645 2195 2284 2508
Sales and Administration-
Receiving and Shipping 50 30 42 68 : 68 90
Sales and Advertising 260 70 77 330 : kx)) 524
Market & Product Development 130 k1] 39 165 169 1262
Transportation: - . o
Local 130 S0 9 180 139 T 205
Overseas - 110 20 110 20 n
Plant Manager - - - 50 50 , 50
Misc. 104 _28 a 132 15 20
Total Sales & Administration 674 323 218 . 1033 918 . 1408
OPERATING PROFIT 903 214 427 1160 1366 1100
INTEREST EXPENSE 218 218 123 123 154 154 331 kX ) 364 364 603 603
PROFIT BEFORE TAXES m _ﬂ m m '1_92’2_ ﬁ_?l
Other Income Possibilitiea 70 67 125 67 . 125 100

(\
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PROFORMA BALANCE SHEET

Table 6.15 Page 2

FRESH PUREE FRESH AND . -~ FRESH ARD FRESH, DRY
1980 Eatimates s - ONLY, ONLY ONLY PURER DRY AND PURER
" ASSETS ‘
Current Aaaeta o . ‘
- Cash and Equivalent' -~ - - 60 45 35 105 95 140
- Accounts Receivable = 295 80 .88 s - 380 460
; Inventory ° - 85 185 215 270 Y . 300 485
iOther” T 160 55 s 215 . 115 230
Total Current Assets - 600 ' 395 350 965 950 1315
Fixed Assetss ' '~ R e ; Dol
. Buildings - . 800 400 400 1150 1150 1600
. Equipment - *’ 1900 1100 1500 2950 3350 6000
Other ‘ 100 ' 15 110 150 ' 200 300
Total Fixed Assets ., 2800 -.1578 2010 . A250 4700 7300
TOTAL ASSETS 82400 © 81940 $2360 $3215 85650 $9215°
LIABILITIES & NET WORTH
Current Liabilities C s <
Trade Credit 115 0 . 68 185 182 250
Notes payable @ 12%:° s 5
(includes other AP, 230 140 135 Y || B - 366 500
accrued expenses, etc.) ns: 70 _67 185 182 250
Total Current Liabilities 460 280 270 . 740 730 ow o 10000
Long Term Debt @:12% - 1580 880 1145 2385 2660 4525
NET wORTH 1360 . 180 945 - 2090 2260 " 3690
Total NW & Liabilittes " 82400 © 51940 82360 85213 436350 $9215
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INDUSTRY AVERAGE : .
: ‘ WHOLESALR MFG. FRESH PUREE DRY FRESH AND FRESH AND FRESH, DRY
FINANCIAL STATISTICS FRESH PROCES ONLY ONLY ONLY PURER DRY AND PUREE
Numbét bt Unite :
Produced -~ Fresh 1ba 13 mil - 13 mi} 13 mil 17 mil
Puree lba 5 mil 5 mil 3 mil
Dry 1bs 880,000 1bs 880,000 1bs 475,000 1bs
Return on Net Worth 24.4% 23.72 50.4% 11.72 28,92 39.712 44,32 13.5%
Return on Total Assets 8.42 8.3% 20.12 4.7 11.62 15.9% 17.72 5.4%
Asset Turnover 49 2.0 1.53 T2 .65 1.27 1.19 .92
Profit Margin 2.5% 5.6% 13.2% 6.52 17.71% 12.6% 14,92 5.92
Leverage 2.8 2.3 2.5 2.8 2.5 2.5 2.5 2.5
Interest Coverage 5.5 6.3 4.1 - 1.74 2,77 3.50 3.75 1.82
! : S Y .

Cash Flow/Current Maturities:

(net pft + 2) + Depreciation ;

amount long-term debt retired 4.2 5.5 3.05 1.43 2.06 2.63 2.77 1.42
Variable cost per unit $.3012 . $.1956 31.002'
Variable cost per $ revenue 8.7548 $.6986 § .57127 §.7402 $.7098 $.6809
Profit per mmit of fresh $.0527 $.007 $ .021 $.0638 $.0771 $.0292
Fixed cost contribution per unit $.0981 $.0844 $ .748
Fixed cost contribution per § revenue $.2452 $.3014 8 4753 $.2598 $.2902 $.3191
Breakeven in units | 6,014,000 3,922,000 515,000 ,
Breakeven in revenue $2,406,000 $1,098,000 §811,000 $3,410,000 $3,287,000 $4,776,000
Retirement of long-term debt, . : ) k

if desired over a 10-year period $158,000 $88,000 $115,000 $239,000 $266,000 $453,000

Table 6.15 Page 3
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DRY . FRESH AND

Total Available to Coop Growet 18,2527

1 Assumes an additioual 1nveatnenc of 1. 5 nillion in Fresh Only, Freah & Puree and Fresh & Dry
Processea and an additional investment of 2 million :ln the Fresh, Dry & Puree process,

2 The fully integrated tacuity ia based on 17 million lba of fresh papaya in 1980 and 27.5 millfion 1bs

of fresh papaya in 1985,

Table 6.15 Page 4

: o - . . FRESH PUREE FRESH AND FRESH, DRY

FINANCIAL PROJECYIONS ($000) ONLY ONLY ONLY PUREE DRY AND PUREE

1985

Additional Revenue times 1,600 465 532 2065 2132 sin?

- Contribution margin per § x,2452 x,3014 x,4753 x,2598 x,2902 x,3191

Additional Contribution 392 140 253 536 619 1,650

Less addit:lonil Fixed Cost :

Depreciationt =~75 - - ~-73 -715 sl =100
Additional Profit over 1980 317 140 253 ‘ 461 544 - . 1,550
Total 1985 Profir , 1,002 231 526 1290 1546 . 2,047

+ Depreciation . 215 80 100 288 310 495

- Income taxea @ 50% S 80) 113 263 643 113 <, 1,023
Cash Flow in 1985 716 196 363 933 1083 1,519

_ Return on Net Worth 51,12 29.6% o 88,7%  48,0% 54.12 3.8

Profit per 1b of Presh (17 nil) $.0589 $.0136 $,0309 - $.0759 $.0909 '$.0552

Price Paid Grower $.2000 : ‘ .2000 +2000 $.2000

Total Available to Coop Grower $,2589 «2759 $.2909 $.2552

1980 ‘

Total Profit Before Taxes 685 91 2137 . s 1002 4972
+ Depreciation 140 - 80 100 213 235 395
- Income Taxes (.5) ° -342 =45 ~-136 : -414 =501 ~248

Cash Flow from Operatfons - d83- 126 237 . 628 . 736 644

Return on Net Worth © S04 1n.7% . 28,02 39.7% 44,32 13.5%

Profit per 1b of Fresh (13 uil) $.0527 $.007 $.0182 $.0638 $.01m $.0292

Price paid Grower ‘ : ~.$52000 : - $.2000 $.2000 $.2000

.$.2638 $.2771 $2382




FINANCIAL ANALYSIS
PAPAYA FRESH/PROCESSING. ELANT

Assumption
Operation: - 16 hours/day for 365 days -
Investment: N
Bauipment
- Production
- Installation
=  Transportation
=  Other Miscellaneous
Subtotal
Building Construction
Land (2 acres @ $12,000/acre)

Total Capital Cost

Revenue
Fresh (17 million 1lbs./yr.)
Puree (3 million lbs./yr.)
Dried (475,000 lbs./yr.)

Operating Cost
Raw materials

; Pacléging and other

Labor

4Prcduction overhead
 Energy and Utilities

6-96

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

5,149,310
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End of Year

" Investment
and other
Cash Flow

~nN PO P PO N ot o oot ol et vt ol od ot wd
mng—'QﬁDm\lmmhwN-‘O'.DQNO\U\#&N-‘O

(7924)
792

Profit before . " Depreciation Income Total

Depreciation & for - Taxable = after :Cash

Income Tax - ~Tax Purposes ~ Income - Tax . Flow
| : ~ S, ' ; - 7(7924)
3322 633.90 . 2,688 1,344 - 2,770
3588 - 583,20 - 3,006 1,502 ~ . 2,085
3875 -536.,50 - 3,338 1,669 . . ' 2,206
4185 493,600 - 3,691 1,886 2,339
4520 45410 .- - 4,065 2,033 - .2,487
4881 . 417,80 - 4,463 2,232 2,649
5272 384,40 - 4,887 2,444 - - 72,828
5693 - 353.60 5,340 - = 2,670 .-8,023
- 6149 325,30 5,823 2,912 Ch 3,237
6641 299,30 6,341 - 3,1 3,470
7172 . 275.40 ‘ 6,897 3,448 3,724
7746 - 253.30. - 7,492 3,746 . 4,000
8365 233.10 - 8,132 4,066 - 4,299
9035 - 223.40. 8,811 4,406 4,629
9757 223,40 - 9,534 4,767 -~ 4,990
10538 - 223.40 10,316 = . 5,157 © 0 .5,38]
11381 - 223,40 11,158 5,579 . 5,802
12291 - 223,40 12,068 - 6,034 6,257
13275 - 223,40 13,051 6,526 - 6,749
14337 223.40 4,13 7,057 - 71,280
15484 223,40 15,260 - 7,630 7,854
16722 . 223.40 16,499 - 8,250 . - 8,473
18060 223.40 17,837 8,918 9,142
19505 . 223.40 19,282 - 9,641 : 9,864
21065 223.40 20,842 10,421 10,644

Table 6.16
PAPAYA PROCESSING IRR 33.3%
FINANCIAL ANALYSIS g Payback 4.4 years

($000)




Papaya Pmcessing Facility Summary and Conclusion

N

Based ax revenuesfran mree pmducté,'fr'esh, dried and puree, the
after tax discounted rate of return is 33% with a 4.4 year payback.

However, the potential for a papaya processing facility in the pro~
posed industrial park near Pahoa is considered only fair. Suchan industry
is clearly considered secondary and rot of sufficient potential to be pro-
| posed as a principal industry for initiating park development.

The heat requirements are too small to warrant-the drlllmg of a dedi- .

cated well., Further, the nature of the analysis has precluded the develop-
ment of a shallow well. In like manner, it has not been considered cost-
effective to transport the geothermal brine to the i,ndustrial park.

It_is rot considered feasible to move the exlstmg plants because of
the relatively small savings that may be realized from the use of geother-
mal steam. The present plants appear to be adequate for the existing and
.on expanded production. Only a breakthrough in a large scale éehydration
capability coupled with a dried product marketing plan would alter this
conclusion.
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Statistics of Hawaiian Agriculture 1979 . (Hawaiian Agr:.culture
Reportmg Service, June, 1980), p 16. ‘

IBID.

»Hawa:.ian Papaya (Pgnculture Reporting Serv:.ce) . June 16, 1980

"Statist:.cal Highl:.ght;" National Food Rev:.ew (USDA, Spring

-1980), p. 35.

For a camplete discussion see C. ‘Stowell III, "Where, What and
How We Eat," (Advertismg Age, April 30, 1979), p. 2+ and "Eating
Habits Force Changes m Marketmg," (Advertzsmg Age, October 30,

-1978) p.65+."

We:.ss, S. Papayas are a Natural for Mainland Menus,“ (Food

Azzarone, S.;’ "Natural Snacks o Produce $$," (Subér Marketing,

September, 1978), p. l+.‘ SRR S
"Food: A move to Higher Ma:ogm Products, (Business Week, January

’ 1979)' P 34+.
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L ..xo Bfter a detailed. e:gmeermgandecommcanalysxscﬁme ‘three can— -

ENGINEERING EVALUATION AND ECONOMIC ANALYSIS, SUMMARY

didate industries:

Ethanol from cellulose is a candidate anchor industry. It

~ appears to be economically viable either on its own or as a cam

ponent in the mdustnal park. The majorvhurdle, to be overcame
is risk associated with the proposed acid hydrolysis process.

A cattle feed mill is rot a candidate for the industrial park.

Papaya processing would be econamical in an ongoing park but it
is questionable vhether the cost of moving an existing operation
to the park would be justified.

6~-100
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. CHAPTER -7

FCG‘ICE’RNS - IMPEDIMENTS - BARRIERS

Introductlon

'I‘hls chapter descrlbes the prmc1pa.l issues that could J.mpede the B
development of an mdustrlal park near Pahoa 'Ihese issues relate to o= .
muruty acceptance, transportatlon and env:.romnental concerns as well as
legal aspects relatmg to resource ownership, pipeline easements and per-
m:.ttmg requlrements. 'Ihe planning for infrastructure irrtprovanents and the
permlttmg procedures Lsed by the (bunty of Hawau are dlscussed.

COMMUNITY ACCEPTANCE

" Representatives of the community provided feedback' information to the
study team at. three meetings.in Pahoa. Conceptual plans for the hypotheti-
cal park development were presented to the residents and related concerns
were discussed. -These concerns of the commnity can be sumarized as
follows;: | '

- - Introduction of ‘cutsiders to fcperate"thefindustrie's.’f
.= .. Objection hccertammdustrlesbyscme resi.‘de'nts., -
=  Mistrust of develcpers by ‘some residents.
- - Objection to 'the 'spe'cific study site location of the industrial
| park by some local residents. X N L }
b ‘-“f’:' ‘Overloadmg of the local WO—lane hlghway and the assoclated
trafflcnolse. | , s
- Objectlon to any type of development by some reSLdents.
- :Change of rural l:.fe-style. W o
- Lack of control cver developrhent by the local communlty

- Threatened mterests of marljuana growers.
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- Noise from an industriel park and geothermal development.

- Degradation of ambient air and water quality.

- Ownership of the geothermal resoufce.

Same of the concerns listed can only be accommodated by stopping
geothermal and mindustrial developnent. Others can be addressed satisfac-
‘torily with changes in the proposed development plans The concerns are

discussed below.

Job Oppoftunities

| It is 'poesible to provide local. residents with both jebs and
training programs in preparation for the proposed geothermal |
developments. The Puna Hui Chana advocates an analysis of skills
available m the resident community and the skill levels required in
any future geothermal and industrial development. A Staff Researcher
for the Puna Hui Chana has proposed a curriculum development program
and specialized training courses. Of particular promise is the possi-
bility of a training program at Pahoa to match the developer's needs.
Training through the (ollege of Continuing Education could begin
during the developers' planning or construction stages. A prospective
developer could define specific requirements for individual positions.
- Appendix D discusses labor and economic development .in more detail.

The following job opportunities are estimated for the industrial park

and industries recommended in this study.

Construction and Develognent Phase

° Resource Development mcludlng drlllJ.ng of wells and

construction of geothermal steam plpelme - 35

‘© ' Industrial park site preparation - 40
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©  Construction of Ethanol Plant - 40
° Construc_tion Of Cattle- Feed Mill -71)35 Et
©  Construction of Papaya Processing Facility - 30

o Operation and Maintenance Phase - Permanent Positions -

Ethanol -~ 35
Cattle Feed Mill -~ 25

Papaya Processmg - 20

" Support Infrastructure Permanent Posxtlons

Truckmg - 30 R

' Forestry 25

Papaya farmmg - 20 R
| ‘It is estlmated that there would be a 2 3 mult:.pller assoc1ated
| ‘"'w1th these job opportum.tles. 'Ihe m.mber of jobs that local re51dents
. ‘rof the Puna dlstrlct, aborlgmal Hawauans and other ethnlc groups v
 would receive depends on several factors mcludmg
-  Iocal government encouragement through :-innovative Aincentives or

other arrangements.

.. Goodwill of developers and- investors,

Com Ab111t1es/skllls and attitudes of local ‘labor - ﬁorce and the

o ,-.;°PP°rtunxty to, rece;.ve tmely tra:.nmg. e

”object:.on to Certain Industnes by Some Resuients

: Sane industries such as the processmg of pulp for the manufac—
ture of paper would. be objectlonable to many local resldents. ‘During
. community meetings some residents expressed a desire for "clean"

industries. There is ‘concern about large industrial developments that

- 7-3




would turn Pahoa into a "Pittsburg of the Pacific". In contrast,
there are others who would support carefully planned industrial growth
that would provide jobs as well as investment opportunities. These
pro industry supporters accept and endorse appropriate environmental
controls and procedures.

Mistrust of Developers

The Puna district is generally a rural area of Hawaii populated
by a mixture of people' wk;o have arnved over the ‘years for various
reasons. The background and attitude of these résidents are described
more fully m Appendix F which points out that some newly arrived resi-
dents dislike or distrust geothermal developnent' as a matter of per-
sonal preference. This attitude which has been expressed in permit
hearings by these residents can have a serious irnpact on developments

if the developers are ot adequately responsive.

Objection to the Specific Study Site

During the course of the study the industrial park site was relo-
cated from the original location cpposite the Leilani Estates residen-
tial subdivision. The final site which was considered more acceptable
by residents attending cammunity meetings is in a more remote area
with an access road that would take truck traffic and associated mise

away from Pahoa and most residential areas.

. Qverloading of the Local Highway/Traffic Noise

~ Increased traffic, density and noise associated with the trucking
requirements for the ethanol plant and the cattle feed mill is a'major
concern of residents. This topic is described more fully in a later
section titled "Transportation Concerns".
7-4
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Objection to Any Kind of Development

In the oomnumty meetings and .in geothermal permit- hearings,
,there was a small mmber of individuals who strongly voiced their
objectlo_n_ to. ;:ﬁustr;al xdevelop;nen{t of any kind for various reasons.

However, no representative organization took this position.

‘Change of Rural Life Style

' Several people from newly establ:.shed resment:l.al subd1v1slons
'objected to - mdustr:.al development because they had recently chosen to
move from urban areas such as Ios Angeles to the Pahoa area. ‘Ihey
perceived that t.hey had ‘moved fran an J.ndustrlal area to a non-
mdustrlal area w1th an unplled promise that industrial development

~would mot occur in Pahoa,

Comunity representatives indicated the willingness to share in

" the deciSion making process related o the geothermal ‘and other
industrial development. ‘These representatlves expressed '&ustration
alleging that government and developers were maklng dec:LSJ.ons with no
) mput from them. However, th1s feelmg of frustratlon was - amellor:ated
somewhat by the oommum.ty meetmgs and the spec:.al use permlt hearings
for geothennal development whlch occurred during the study period. At

these meetmgs and hearlngs, the re51dents were prov1ded an oppor-

”:\tum.ty to ‘voice the1r concerns, about the various planning aspects of

. the hypothetlcal mdustr:.al park as well as the ongoing and planned

| geothermal exploratory well drllllng. L




Threatened Interests of Marijuana‘ Growers

The nature and extent of the illegal practice of growing and
marketing marijuana was not studied. However at the various meetings
and hearings there appeared to be a "hidden agenda" item related to
that subject. Certain industrial growth and development in the Puna
district vould have a substantial impact on this lucrative although
illegal activity. The zﬁepple involved were perceivéd to voice cbjec-
tions to industrial development based on other issues for cbvious

reasons.

Noise ‘from Industrial and Geothermal Development

The Puna district has been a quiet rural community where people
sleep with windows wide open . Thus, an increase in night time noise
level is a major concern; especially truck traffic noise and geother-
mal well drilling noise. Current well drilling which is being con-
ducted 24 hours a day, 5 days a week is accepted, but to date, round
the clock drilling seven days a week has not been permitted.

Degradation of Ambient Air and Water Quality

Pure water and blue skies with clean air are environmental corner
-stones of major importance in Hawaii.

At permitting hearings, H,S abatement procedures during well
drilling as well as production operations were described ., In
addition, baseline environmental surveys are planned to monitor signi-

ficant air and water quality indicators. These plans are discussed

more fully in a later section of this chapter and in Appendix E.



Ownership of the Geothermal Resource . - -

The camplex issue which is discussed in a later section of

- this chapter -and more fully in Appendlx B is a major concern for
_.'the developers and ‘the -large landowner. 'Except for the benefit
that will derive to.those of Hawaiian ancestry other residents

‘have not indicated this to be a major immediate concern.

"‘RANSPOK['A’I'ION CONCERNS

’I‘ransportatlon to and from an mdustrlal uark located near Pahoa is of
,major Jmportance for several reasons. Pahoa 1s 22 mlles from the deep
water port of HJ.lo whl.ch is 170 miles by water o Homlulu and 2500 mlles
by air to I.os Angeles.r ‘Ihe assoc:.ated frelght charges are s:Lgm.f:Lcant.
Also, the two lane madway servmg the proposed miustrml park 1s con-

: s1dered madequate or margmal for handlmg any substantlal mcrease in
truck trafflc requ1red by an mdustrlal park.

The Keaau-Pahoa Road is the main roadway serving the Palh.oa,’ Kapoho,
and Kalapana areas in Hilo. A proposed Keaau-Pahoa By-Pass Project is’in
the advanced planning stage; ooristruction could -begin as early as 1983.

| The 1980 peak hour traffic load is estimated to-be over 400 vehicles.
The major industry utilizing the Route 130 v;between Keaau .and Pahoa is Puna
Sugar Company. (cane_haul trucks) ' -while other major users include:those who
market the following Aproducts:v,fpapaya, vanda crchid, anthuriuns, lava rock
. ;slabs, ‘pumice or cinder,. macadamia nuts, -rcitrus‘fruits,,.‘arﬁ other diver-
sified farming. Tour buses are another major ﬂ-}mser, as there are a number
of tourist attraotions in the area: the Kapoho:eruptions,; lava Tree Park,
black lsand beaches, along the Kalapana Coast, and Chain of (Craters Road into
‘the National Park. Rental.cars, presumably tourists, pass through Pahoa
about 240 times daily.
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Impact of Industrial Park v I \ej

The impact that the industrial park would have on the traffic
situation may be significant. It would be reasonable to assume that
the park would generate on the order of 75 to 100 primary jobs.
Assuming a minimum of car-pooling, this would add 10-20% to the
current peak traffic hour load. It is estimated that truck traffic
may increase by 150 truck passes per day with additional .trucking for
nmiscellaneous plant supplies reqhiring about 75 truck passes per déy.
Fram the infométion in the traffic projéctions, this would increase
'truck traffic in the Pahoa area by about 25% over the 1980 traffic
load PartJ.ally for this reason, the industrial park was relocated =)
access would be via the Pahoa Solid Waste Plant Road av01d1ng Pahoa
Town. I-bwever, same wood feedstock may be supplled from forest lands
south of Pahoa. Thus the need for a by-pass road is strongly

supported.

Air Trénsportation

Due to the combination of airline deregulation, the cost and
availability of jet fuel and the economic downturn on the mainland,
Hilo-mainland direct air cargo shipments have recently been curtailed
to a significant degree. During the fall of 1979, an average of 22
‘ jumbo jet passenger air.jcraft per week were hauling some 2.1 million
pounds of lift each month out of Hilo for the mainland. By the end of
September 1980, that number was down to seven flights per'.week with
- lift capacity of about half a million pounds per month.

The above cargo consists mainly of papayas, cut flowers and

foliage, potted plants, and some fresh fish. As flights have been cut ;H
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back, inter-island air freight haulers have been able to t:ranshlp some
of the cargo through the Honolulu Internatlonal Alrport and some cargo

has been d1verted to surface shJ.pment. )

Water Transportation'

The future of surface shipping remains sound. Young Brothers
provides regular barge transportation between Honolulu and Hilo, 3
times a week and Matson freighters provide a limited service 4 to 6
times per month between Hilo and Honolulu and one time a month direct
to mainland ports. | . |

For ethanol distribution, it is planned \to negotiate with Pacific
Resources, Inc. (PRI) for barges to haul the productto the PRI refi-
nery at Barbers ‘Point. PRI barges presently haul motor fuel products
to Hilo and back haul empty. | e

For cattle feed transportation to'Japanese markets either barge

or trampline bulk ‘cargo shipments would be oontrac:ted for direct ser-

vice between Hilo and  Yokohama.

ENVIRDI\IMEI\H'AL CONCERNS _
Introductlon ‘

'Ihe ethanol plant, the cattle feedmll and the papaya process:.ng faci-
lJ.ty selected in thls study for oon51deratlon in an mdustrlal/agrlcultural
park near Pahoa are essentlally clean mdustrles. ‘Even S0 thelr operatlons

and the assoclated geothermal developnent operatlons could poss:.bly affect
| the physx.cal env1romnent m the surroundmg area., Appendlx E wh:.ch discusses
lm deta:.l an env:.romnental Jmpact assessment program ﬁor the proposed etha-
jnol plant is condensed in the followmg ‘pages.




- Description of the Environment

The Puna District, site of Pahoa and the proposed Pahoa commer-
cial park is the easternmost i‘egion of the Island of Hawaii. It is
somewhat more than 50 square miles in extent, and consists largely of
undissected volcanic uplands wit.h_Kilauea to the north and Kalapana to
the south. Between these uplarﬂs » extending eastward from the Kilauea
Caldera complex to Cape Kumukahi and the sea is the Puna Cone and
. Crater area marked by eruptions.

The young lavas of Puna which cover most of the district are
covered with sparse organic soils. Across the west central portions
of the district are low-lying fertile fields with abundant vegetation,
and upper slopes covered with open forests of chia. 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. Salinities in excess of several hundred ppm are found in
same of the district's wells at relatively shallow depths. Except for
moderate coliform counts in one or two instances, ground waters show
no chemical or microbiological features of concern.

With its proximity to the fumeroles and other active features of
Kilauea, it is mot surprising that air and soil are influenced by
distinctive volcanic chiemistry. Included is an air mercury level that
ranges around 1 g/m3 under virtually all oconditions except heavy rains
and strong tradewinds. In general, SO, and H,S fall below lovppb. As
in other wolcanic regions, soils tend to run high in mercury and occa-
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sionally yield unusual levels of arsenic and thallium. Vegetation

tends to reflect elevated environmental levels of these elements,

Envirommental Concerns

° . Air quality deterioration

The environmental concerns relevant to the proposed industrial

operatlons mclude. .

e Water qual:.ty deterloration

a. holdmg ponds 7 v _ 7
’b. _ sprmgs, wells and ot.her sources of ground waters

% ‘N01se pollut:.on 4
° 8011 dlsturbances

a. habitat impairment
b. exposure of erodible soils

. vegetation removal -

Geothermal Wellsite Baseline Monitor Program

A baseline monitoring program 'similar to the one carried out for

»the HGP-A well and the Barnwell Oplhlkao drlllmg operation is

recommended. It should mclude water and air qQuality, noise

pollutlon ' 3011 deter:.orat:.on, and blologlc and ecolog:.cal effects at
~ the geothermal well drlllmg sz.te. o

o A1r Quallty Momtormg of Site and Environs . .
N Monitor hydrogen sulfide _cent;.nuqusly at_selected locations
within the development area, mese include samples from the
| Vvarlous plant canponents w1th1n the park site.
Check general amblent levels by means of air spot samples
within the industrial park canpound Deploy indicator tags

7-11




(Metronics type) daily over 2-3 downwind arcs in a concentric
afray to‘ a maximum distance of about 1 mile. Monitor plant per- \;,
sonnel with H,S indicator tags issued and reclaimed daily.

In xidition, air samples are taken within property lines to
monitor other potentially airborne major toxicants including SO,
SO3 (Hp SO4 aerosols), Hy, AsH3 and Boron.

Carbon dioxide monitoring is required only within poorly
ventilated spaces or stagnant enclosures where personnel may
 experience even casual exposure. Build-up of the other relati-
vely dense gaseous emissions (eg. 902 or HyS) would be revealed
by their own odors at pre-toxic levels, a distinction not shared

by Q0.

Water Quality Monitoring of Well Drilling Site and Environs

During the initial phases of drilling operations, take
samples of water for the following analysis:
1. In-line measurements for arsenic, mercury and boron.
2. At discharge point:

a. Metals: Arsenic, antimony, beryllium cadmium, copper

lead mercury, nickel, thallium zinc.

b. Non-metals, metalloids: Selenium, fluoride, boron.

Any elements consistently below analytical detection levels
can then be transferred to the "irifrequént" liét, subject to
semi-annual or annual review. |

Holding pond: Analyze all above listed elements not trans-
ferred to the "infrequent" category. For pond sampling, include
top, middle and bottom depths at the center and edge.
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For the Puna 2Aquifer: Locate springs, wells or other sour-

- ces of ground waters dwnstream from the ccmmerc:.al park sample
monthly for all elements nom.tored in. the holdmg perlod.

Bloassazs
Establish two bioassay .elements - cne for atmospheric

pollution, and the other for water.contamination. New factors or

~ substances, or combination 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 werlooked J.n the monitoring
program for the cammercial park development The ethanol plant

- processes combined with geothermal direct -heat applications pro-

vide camplex air and water sources of possible- toxicants or toxi-

cant cambinations.

A:.r Pollution. Ind:.cators

. Plant woody perenm.als, elther ornamental or fruit bearing

as de‘lﬁcators of general}:em(uomnentalz, quality. Initiate in-

depth analysis of the ambient and- air effluents when any sign of

~-pathology mot ascribable to parasitic infection occurs.

- Discussion .. .. o
Little is known ‘about wnique pollution symPtomatology
among native Hawaiian plants, mwever ’ 1t is un.te clear
that tJ.p and margmal dlsooloratlon and chlorosm are cammon
signs of physiologlcal stress mduced by air tox1cants. '
a E‘urther, ‘scme geothemal em:.ss:.ons lJ.ke mercury mduce defo-
liation and premature fruit drop. |
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-~ Water .Pollution Indicator

Maintain specific cultivated plants for water quality growth
tests using hydroponic procedures. fThe water sources are to be
campared among: '

a. Standard complete nutrient (Hoagland types).

b. Geothermal discharge waters.

c.  Geothermal discharge waters supplemented with camplete

nutrient. -

Use test plants to determine lay growth experiments.

Include chinese cabbage, tamato, cucumber and eggplant. Examine
for pathology and record growth fresh and dry weights. Whenever
growth is consistently inferior in wellwater and nutrients, iden-
tify the toxicants that are indicated. .

Noise

Carry out routine monitoring monthly at well site and com-
mercial park boundaries and at one~half mile distance from
source. Use noise limitations specified in U.S.G.S. Regulations.
Give special consideration to traffic noise associated with
potential feedstock trucking operations. When any change in
plant operation or procedure is required, conduct an immediate

noise check.

Ethanol Plant Assessment Program for Commercial Park

The organization of an assessment program for the Pahoa commer-
cial park must include general tasks as well as those related to spe-

cifics of site and use:
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Direct Environmental Baseline Requirements:
a, Site-use Indepéndept S ST T
. 'b. . Site-usé Related

-Direct Environmental Impact Follow-Up:

. @. Site-use Independent:.
b. = Site-use Related

General Site Support Environmental Concerns.

,°'

Surround@ Area Assessment Program

'Ihe fundamental use—mdependent baselme tasks for surroundmg

area must mclude.

A general descrlptlon of the vegetatlon and ghys:.ographlc ecology

‘suff1c1ent to prov1de for recogm.tlon of degradat:.ve changes.

A tally of area (e.g. sxte plus 1km amblent) endangered blota

.. A survey of similar extent and scope for historic or archaeologi=-

cally valuable structures and sites.

 Monitor noise standard conforming to the USGS figure of 65dbA at
- the park property 1ihe.' DR P ER R R

For. the: proposed ethanol plant.—,,
..~ -Monitor-the femmter—dlstlllery unit area for ‘alcohol- and
iz . alldeyde vapors and evaluation of" the sensitivity‘ of local nearby

" biota to such volatiles.

bbnitor disposition of stillage from the fermentation process for
concentrations of heavy metals and other toxicants, namely Hg,

cadmium, arsenic and lead.
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Direct Environmental Impact Follow-Up

The ‘tasks tequired for follow-up are dictated by both the

assessment program for the commercial park and the geothermal wellsite
monitor program. The targets of assessment - plants; soils, air, etc.
-need not be repeated here, but, the timing of follow-up programs is
important.

General site support means those operations oontributing to
geothermal heat-based alcohol p:'dduction at the Pahoa Industrial Park
but located elsewhere. These are the facility for conversion of
cellulosic materials to glucose and any sites committed to cnltivation
of plants for biofuel-reiated uses. These additional support sites

must also be reviewed for environmental impact.

Cattle Feed Mill Assessment Program

The feed mill has only 2 basic camponents, thereby reducing the
areas of environmental concern.

Dust particles generated in the dryer as well as in the furnace
are trapped, collected and vented to the furnace for incineration.
However, this is not 100% effective, therefore the remainder are
removed from stack gases by a "baghouse installation® effectively
reducing emissions within the standard EPA limit of 40 lbs./hr. of

any type of particle.
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Standards and Agency - Recommended Values o

'Ihreshold Limit Values:

(Hawaii Occupational’ Safety & Health Standards Act 57, 1972 -

Revision ~-- August,. 1977).

. H2S 10 ppm for 8 hours
82 . 5 ppm for 8 hours
HZ,.SO4 IR 3“‘9’“ for:5 minutes
N - .. . ..  5ppmfor 8 hours .
© - . .. .50 ppm for 8 hours -
AsHy 0.05 ppm for 8 hours
Hg(albyl)' 10 ugm‘3 for 8 hours
Hg(all) o 50 ugm f.or 8 hours |
- EPA Regulations
Mbient Air Quality; - 1gm=3 -
Arsenic 50 ppb
.;-Mercury_~; Cone e 2 2uppb s
Emission 1600gm per day
/Dlscharge Cere oy >(1nc1nerat10ns)

Into fresh water 20 ppb
.- Into saline water = 100 ppb- -

LEGAL ASPECTS

Introduction

The developnent of an agr:.cultural park mstead of an mdustrlal park
“in Pahoa, was evaluated from a legai v1ewpomt. Subsequently 1t was deter-
mmed that ‘the park would contlnue to be referred to as an mdustrlal park.
However, in this’ sectlon and 1n Appendlx B, the terms "agr:.cultural" and
"industrial® are used mterchangeably when referrmg to the park. :

Such a park w111 mvolve drlllmg for geothermal resources,
transportmg the geothermal resources from the well 51tes to the nark,
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obtaining governmental approval of the construction of the 'park,: and con- -
ductmg busmess in the park. Scme areas of concern which require legal k’
analy515 have been 1dent1f1ed as follows: o '
1. Ownership of geothermal resources.
2. Easements for pipelines for transmission of the resource.
3. County and State permitting requirements for development of the
agricultural park instead of an industrial park. The following

discussion is a condensation of Appendix B.

ownership of Geothermal Resources

A developet of geothennal resources in Hawaii should be aware
that there eXlStS a serious quéstion as to who owns the geothermal
resources located in Hawaii in parcels where the State of Hawaii did
not explicitly reaerve mineral rights.

In states other than Hawaii, the qulestion of ownership of
geothermal i'ights has arisen, and there have been debates as to
whether geothermal resources should be considered a mineral, water, or
sui generis. The tendency has been to classify geothermal resources
as a mineral. However, the problem is more complicated in the State
of Hawan.

Even if it is determined that geothermal resources are a mmeral,
m Hawaii there will remam a second difficult questlon- Who owns fche
mmeral rights? Smce Hawaii has never experienced any substantial

| amount. of' cammercial mining, landcwners in Hawaii have generally not
been concerned about the ovmersh:.p of mmeral rights. Now that
geothermal energy promlses to be a valuable resource in Hawan, the

ownershlp of mineral rights has become an important issue. Serious
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‘ questions have arisen as to whether or not the State of Hawaii

. reserved mineral rlghts in a. large number of land- grants given without

explicit mineral reservatz.ons. - R L
- The matter will probably be ultimately decided by the Supreme Court of
. Hawaii that geothermal resources are a mineral., This is the defini-
‘t’:_j».or;‘v established by the Hawaii State Legislature and favored by courts
in other jurisdictions.
.. There exists a possibility that the State of Hawaii will attempt
to claim all geothermal resources for-itself. Should it decide to do
so, there are available certain legal theories which would be invoked
- to attempt to accamplish the task In the absence of a claim to all
,‘ geothermal resources by the St';ate;, mineral rights owners should prevail

over other claimants in the contest over ownership.of the resource.

Effect of 0wnersh1p Uncertamty on Geothermal Developer

Because of the uncertamty conoernmg the omersh:.p of geothennal
rights in Hawaii, the pmdent developer should be careful o negotiate with
the prlvate landowner a geothermal Jlease which mll antlclpate the possibi-
lit;y of a claim by the Stat_e of I-iawali,t:o the geothermal resources. If the
well s:.temvolves land with no explicit m:.neral reservation to the State
of Hawaii,. the lease ,between ‘the developer and privaté landowner should
: specxflcally deal with the question of payment of royalty in the event that
the State of Hawaii claims the geothemal resources. One .possmle alter-

: native is toprov:.de that royalty payments will be withheld by the deve-
loper until such t:.me that a oourt of  competent ]urlsdlctlon finally deter-
mines who oWns. the geothernal resource, at which time the developer will
make royalty. payments to the rightful owner. Such a provision, which is
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very favorable to the developer, has been negotiated and agreed upon in V
certain geothermal lease options now in effect on the Island of Hawaii.
Another possibility is. to provide that royalty payments will be made to the
landowner, presuming that the landowner is the owner of the geothermal
" resource, until a court of campetent jurisdiction decides otherwise. A
- lease containing such a provision has been negotiated and is now in
effect on the Island of Hawaii. Still another alternative would be to
provide for the payment of royalty into escrow in van interest bearing
account until ownership of the resource is determined.

A lessee under a geothermal’ leaSé, or any person acquiring
“the rights of a lessee in a geothermal lease, by carefully struc-
turing the provision recognizing the uncertainty of ownership of
the geothermal resources, can avoid the devastating possibility
of double payment of royalty, minimize the exposure to expensive
litigation,‘ and even enhance cash flow. |

Easements for Steam Transmission Pipelines

At the present time, there is no statutory authority giving
a producer cr developer of geothermal resources a power of emi-
nent domain to acquire pipeline easements leading from the
geothermal well to the industrial park. Public utilities are
given by statute the right of eminent damain. HRS Section 101-4.
 However, Section 269-27.1(b) of the Hawaii Revised Statutes,
which was enacted in 1978, specifically excludes "the producer of
geothermal steam or electricity generated from geothermal steam"
- from coverage of the term "public utility". As regulation by the

Public Utilities Commission was one of the chief barriers pre— "
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" venting the developnent of geothermal resources, 1t would seem

that the exclusion,- although l:.terally referrmg only to the
"producer of geothermal steam or electricity generated from
7 geothermal steam" would be. oonstrued to mclude geothermal hot
‘steam, hot water, or electrlc:.ty producers w111 mt be deemed
publlc ut111t1es, and consequently w111 not have the power of
emment danam prov1ded for m HRS Sectlon 101-4.

' 'Ihere 1s some quest:.on as to how the em.nent danam power of the
- State or Gounty may be used to acqu:.re energy corrldors ﬁor the pur-
poses of transm1tt1ng the geothermal resource frcm the wells to the
agr1cultural park s:.te. Sectlon 101-2 of the Hawau Rev:.sed Statutes
prov:.des that prlvate property may be taken for publlc use." HRS
Sectlon 101-13 prov:.des that the Oounty may oommence an eminent damain
.proceedmg whenever 1t "deems 1.t advzsable or necessaxy to exerc1se

| 'the nght of eru.nent danam m the furtherance of any governmental
. power . . " HRS Sect:.on 46—61 prov:.des that the County shall have
the power to "take private property for + o « rights-of-way for
drains, sewers, pipelines, aquaducts', and "»other 'oonduits ﬁor distri-
~butinc_:J water to the public 4‘. ;" The création of energy corrldors

* for .a geothermal" pro;ect cannot ‘be-said to fall clearly w1th1n the
2 ‘language of ithe above quoted statutes. It is likely that' appropriate

*“r;leglslatlon W111 have to be- enacted m ‘order to spec1f1cally allow the

_ 'vacqulsltlon ‘of easements by eminent danam for ‘the purpose of
transportmg geothermal steam and water;

o In the event an attempt 'is: made to transport geothermal resources
prior to the enactment of such legislation, it will be necessary to
- negotiate with the owners of parcels of land between the well site and
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Vv

the agricultural park for easements for pipelines. The difficulty of
such a task will depend upon the number of parcels involved, and the

particular predisposition of the landowners. .

State Perm].ttmg Requirements for Development of an Agrlcultural Park

Introduction

Because the existing land use claséifications foi: the
selected study site for the industrial park is zoned for agri-
culture and because most direct use appllcatlons mvolve the pro-
cessmg of agrlcultural products, the fea51b111.ty of developmg
an agrlcultural park in lieu of an mdustrlal park was
considered. Before an agriCuitural park can be developed, it
must be shown that the proposed use falls within the permissable
uses under the State Land Use Cammission District Regulations, as
well as under the County Zoning Code. An E:rivirbmnent Impact
Statement may also be required, and, an amendment to the General

Plan of the County of Hawaii may also be necessary.

State Land Use Designation

The State Land Use Commission District Regulations, Part
III, 3-3(11) provides that "agricultural parks" fall within the
permissible uses within an agricultural district. However, the
term "agricultural parks"™ as used in the Regulations is generally
understood to refer merely to a subdivision located in agri-
culturally zoned land, or to a situation where the crops to be
processed are grown on the land where the p;:ocessing plant is
located., The "agricultural park" contemplated by this study
would probably be considered an industrial park, and would pro- o/

~
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‘bably-not be found to fall within the meaning of 3-3(11).
- However, -3=-3(10) provides. that pérmissible ‘uses- include - - -
A:'jbuilding’s and uses, including but not limited to mills, storage

-and processing Vﬁavcilities, maintenance facilities that are nor-

.mally considered direct (sic) accessory to ‘the above permitted

~uses." The "above permitted uses" ‘include cultivation of crops

(including flowers, vegetables, foliage, fruits, forage and

- timber).. Thus, the proposed anchor industries for the agri-

cultural park would be permissible uses within the agricultural

district if they are "normally considered: direct accessory” to

the cultivation of crops. There may be some question as to

- whether an éthano;l plant is "normally considered direct
. . accessory” to. the :,mltivation of timber or other crops.

- If it is determined by the State Land Use Commission that
any of the proposed uses -contemplated by 'the' agricultural ‘park

~does not fall within the meaning of 3-3(10), then. there would be

tm possible courses of action.

§pec1al Use Permit

'Ihe flrst possmle course of actlon would be t:o pet:.tmn for

- a special use permit. In o;r:dﬁerjto «qgal‘ifygfor ‘a special use
.permit, one would -havé;to:shbw "unusual and ‘:easbnable use." The

~State-Iand Use Commission District :Regulations, Part V, 5-2 pro-

wvides the following guidelines to be applied in determining an
. ,,-'x'unusual:andf reasonable use.," ‘
-1, Such use shall not be contrary to the abjectives sought to

- be accomplished by the Iand Use Law and Regulations.
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. 2. 'That the desired use would not adversely affect surrounding -/
3. Such use would not unreasonably burden public agencies to

provide roads and streets, sewers, water, drainage and

school  improvements, and police and fire protection.

‘4. Unusual conditions, trends and needs have arisen since the
district boundaries and regulations were established.
5. ‘That the land upon which the proposed use is sought is unsuited

_for the uses permitted within the District.”

The procedure for applying for a special use pemmit is
described in Appendix B.

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 specific use petitioned
for, i.e., an ethanol plant, a cattle feed mill, or a papaya pro-
cessing plant. If at any time in the future a new industry were
to replace one of the original industries, or if a new industry
were to be added to the original industries, the new industry

would have to qualify independently for a special use permit,

District Boundary Amendment

b’me other possible course of action’ would be to petition for
a State Land Use District Boundary Amendment from agricultural to
- urban. ‘The procedure for petitioning for a district boundary
amendment is set forth in the State Land Use Cammission's Rules
of Practice and Procedure, Part VI. The next step would be to

amend the County of Hawaii General Plan so as to provide for "
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,industrial uses at the proposed site for the agricultural park.
- A general plan amendment would .not be necessary if the proposed

o T gsite is located J.n a zone desxgnated in the general plan as

, :"alternate urban expans:.on." The next step would be to petition
the County for rezoning of the parcel 1nvolved Fmally, if the
land is to be subd1v1ded mto separate parcels for the various
industr:.es, it would be necessary to petltlon ﬁor subdlvmlon
"~county Zoning Code

" The study s1te selected for the proposed agncultural/
industrial’ park falls within an agr:.cultural d1str1ct for County

' zoning ‘purposes. The Hawan County Zom.ng Oode, Artlcle 7,

“Section 3, Paragraph B prov:.des that among the petm.tted uses in
“‘an" agricultural district are:
"All ‘forms of agr:.culture- ‘the growmg and gathermg of
' crops,fru:.ts, vegetables, ‘flowers, trees, and other plants,
* the ralsmg and keepmg of am.mals and ﬁowls except as
‘listed ‘in Ttem 9; the phys:.cal process:.ng ’ storage and sale
of the products produced on ‘the prem:.ses. R |
Paragraph N prov1des that among the pernutted uses in the
"agricultural district are: L
"Pr:ocessmg, storage, packmg, and sale of products g:‘oduced
" on ‘the’ premises prov:.ded the 51te or buildmg used for such
vact1v1ty shall be at least one hundred (100) feet fran any

property line."
TR appears ‘that under both of the relevant paragraphs quoted

above, processing is lJ.mlted o products produced on the premlses.
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Since the products to be processed in the agricultural park presu-
mably will not be produced on the pratu.ses, it appears that the
:”"’agrlcultural park w111 mt be permltted under the agrlcultural

. zoning. Rezoning to industrial designation will thus be necessary.

» Hawau County Planm.ng & Permttmg Procedures

'Ihe perm:.ttmg procedures as outlmed by the County of Hawaii was
deSJ.gned to assure and provide both the public and policy-makers with
an opportunity to review any project developnent plans to determine
the Jmpact of such a project on the overall cammmlty and enviromment.

'Ihe procedure is merely a review process through which all con-
cerns an be addressed and the safety and well-being of the cammunity
and environment protected. The welfare of the people and the environ-
ment and the application of equitably reasonable requirements to
achleve ‘that end are accepted functions of govermment.

Many factors mfluence the length of t:Lme necessary for campletion
of the permitting process. Same of these factors are a) the camplete-
ness and clarity of the information provided by the applicant, b) the
existing workload of the review staff, c) the minimum length of time
which must pass before certain actions can be taken (prescribed by
law), d) the ’ability and willingness of the applicant to camply with
) conditions required for approval of various permits (e.g., assurance
~ that all possible mitigating measures will be taken with regard to
uoise) and e) the public's willingness to allow the approval of the
applicant's project.
| In order} to prevent unreasonable delays from occurring there are
7 specific provisions in the law which limit the maximum time allowable

for review of any one application.
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“/ ” Prov:.s:.on for Infrastructure by the County of Hawau For An
Industrlal Park o ;

Upon review: of a request to develop or mprove any land w:.t.hm
the County's jurlsdlctlon , the Planning Department would assess, in
~addition to other aspects, the County's existing plans for that area

- and the requirements for roads, sewers, etc. If the
_development/ improvement :does, require additional infrastructure and
they are within the County's plans and fiscal means,; it is possible
‘that the County would make those provisions deperding on the project's
timetable. - -
On the other hand, if there are.neither plans or funds available
. to make improvements, the developer may be required.to provide the
- additional infrastructure or be denied project approval. It is not
inconceivable, ’however, ‘for government to amend its plans if a deve-
lopment is seen to have major benefit to the community.
While the sbove discussion assumes the roadway, for example, is
County owned, it is possible that it be Federal, State, or privately
, owned. Inthesemstances, the developer must work.with the
appropriate owners on the questlon of addit:.onal mfrastructure. The
Pahoa landfill road, in specif:.c, is a Oounty maintained, ‘State owned
. road - As such, 1t is appropr:.ate for: the developer to ‘work with the

State regarding lmprovenent.

" Hawaii County Perm:.t Procedures for thls Geothermal Industrlal Park

In some mstances, uses wh:.ch are mt allowed m agr:.cultural
“ 1ands can bemade permlssmle through anumber of ways. Aspec1al
permlt or f.loatmg zone ooncept are a;pllcable prov1ded the project is
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small. In this case, however ’ due to the nature ard actent of the

development, a General Plan anerximent is called for.
’ 'Ihe procedure ﬁor a General Plan amendment and related zoning

changes are as follows:

S

2.

3.

4.

5.

The applicant files a General Plan amendment request with the
County. Planning Department. The Chapter 343 HRS requirements

(EIA) would apply and the applicant should conform to them.

Upon receipt of the application, the Planning Department staff
would review it with the EIA, and the Director would make a
determination as to an EIS requirement. Should the EIS be
required, the applicant must prepare and submit same. In this
case, it is reasonable to assume that an EIS would be required

- and the applicant should consider submitting it with the initial

application to save time. This step may take 4 to 6 months.
When the application and EIS review is campleted the matter goes
before the Planning Cammission for approval. The Planning
Director then forwards the matter to the County Council for
approval. Upon arrival by the Planning Cammission, the applicant
may want to begin preparing the next application (boundary
amendment), again to save time. This step may take from 6 to 8
months, and would camplete the General Plan _anendment process.

A boundary amendment application must subsequently be filed with
the State Land Use (bnmission.l This step, including review and
amendment action, may take from 8 to 12 months.,

The applicant must now file another application with the Planning
Department for a rezoning of the land fr:cm) aglrieultqral to
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ixﬁustfiaL . This step," including’ rezoning action, may take from 4
. 6.  Final plans ﬁor: plan approval , building plans for a bu:.ldmg
.- permit, and, possibly, construction plans for a grading permit are
then submitted to the Planning and the Public Works departments
for issuance at their respective ‘permits. This step may take one
month.
fotal permitting time including preparation of an EIS may take
roughly four years to canplete; ~ Assuming the applicant submits an EIS
with the original General Plan amendment request and that the sche~
duling of all hearings, reviews, etc.Aare canpleted within the minimum
time, as requ:.red by law, the pr:oceésing may take about two years.

- In terms of the actual construction, the customary practice of
the County and State is to allow development to proceed on an incre-
mental basis. ﬁxat is, unless the applicant can‘srnw sufficient
reason for the entire 50 acres to be developed concurrently, only por-
tions of that 50 acres would be allowed to be developed at any given
ti.ine, and in a sequential manner, ’

Sumary

The issues related to impediments and concerns are complex. No
easy or early solution 1is readily apparent to assure a rdvev’eloper or
an 'investor,ttﬁt,deveiopnent of‘akgéothemal industrial vpark wiil be
an easy task. More so perha’ps than at other ldcations, it does appear
that any develognent should be mdertaken w1th local partners who
- should be able to more easily undertake the necessary work avoiding as

much waste motion and as many pitfalls as possible.
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A m,echanism‘does' exist to obtain appropriate State and County \v*
| aoning:  However, cbtaining that zoning will be tine consuming and may

take .qp to .four years., APreparing and presenting the requests for.

zoning djxanges will be expensive for any develcper. . It is ev1dent

that the application must be prepared in concert with the local

. camunity, addressing their concerns and issues.
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CHAPTER 8

" DISCUSSION AND CONCLUSION

DlSCLISSlOI'l

'Ihls study exammed the v1ab111ty of a geothermal industrial park near
Pahoa. It entalled an analys:.s of both the econcmic viability of the

’varlous tenant mdustrles and the geothermal resource and the park

developnent.r Also, reoogmzmg that even though a venture may be econcmi-

cally practical in today's climate, unless the other _l,ssues are manageable,

then a successful project cannot result. Accordingly, the non-financial

barriers to a successful geother.mal industrial park were evaluated. In
the ﬁollowmg appendlces are dlscussxons addressmg a number of the issues
that could thwart the develognent. of the park.; e g

Resource

- Appendix A contams a fore oanplete discussmn of the avallabillty of
the geothermal resource than was oontamed in Chapter 2.j as J.ndlcated in
Chapter 2, it is concluded that the geothemal resource is probably -

‘available within a reasonable distance of the selected‘park site.

Consideration of the use of low temperature heat ava:.lable at ‘the wellhead
was considered beyond ‘the scdpe of th:.s study., o

el
Appendlx B is a more ccmplete dJ.scussmn of a number of legal aspects

related to the direct appl:.cat:.on of geothemal-energy in an mdustr:.al (

park oriented to agricultural processes. abbreviated discussioﬁs'of these

“issues ‘were contained-in Chapter 7. -
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One of these legal aspects is the ownership of the geothermal
resource. It is clear that this is an unresolved issue partlcularly on a
. number of parcels where the land wnershlp has had a confusmg hlstor.y.

. However, the interests of the landowners, State of Hawaii, and other
interested parties, are generally served by geothermal development
proceeding. Consequently it is believed that a mutually agreeable arrange-
ment will be worked out so that development will rot be blocked while the
‘legal issues are being resolved. | | - |

The acquisition of riecessary easements for construction of a pipeline
leading from the geothermal well to the park can be a real barrier to a
developer. lLegislation my be necessary to provide power of eminent damain
so that energy ocorridors for gedthemél pipeline transmissions can be ‘
provided. | ;

Appendix B also discusses State and County permitting requirements
ori..evm;ed_to the development of an agricultural perk as campared to an
industrial park usingA the premise that only agricultural products would be
processed. The issue of rezoning of land use, and procedures for acquiring
necessary permits is discussed in considerable detail.

From a review of Chapter 7 and Appendix B, it is concluded that
although the legal aspects of the industrial park development require
substantial attent:.on, there is no special legal barrier that in 1tself
will preclude the park develcpment.

SOClal Impact

In Appendlx C, Dxr. Fenelope Canan, Professor - Department of Sociology,
University of Hawaii at Manoa, presents a background and rationale for

social impact assessment. Dr. Canan stresses the importance of developing -

e/
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a workmg model of the ent:.re oarmum.ty in process o determine the social
_.:unpacts of developmg geothermal enexgy m Hawau. She argues that this.
should be a continuous enterpnse throughout the development of geothermal
energy. 'l
~In Chapter 7, community acceptance and job cpportunities were

discussed. ‘The cammunity acceptance issues discussed at tﬁe various
“‘meetings with representatives of the community do not appear'co be of the
nature that will preclude development. The job opportunities described in
Chapter 7 can be a very favorable force working to support park development.

In summary, it is concluded that the social impact of a park develop-
ment is very sensxt:.ve requirmg an cngoing partnersh:.p between the deve-
loper and the oamm.uuty tepresentat:.ves that w111 mvolve them to a substan-
":t:.al degree m the cnt:.cal dec:.s:.ons affectmg me ommum.ty.

Labor:’and Econamic Impact

In Appendix D, Mr. Everett aney, Staff Researcher of the Puna Hul
‘Chana ‘has presented a dlscussz.on relating labor procurenent to eoonomlc |
development. He points to ‘the need for a u'ammg program whereby '
currently under-employed local labor can be provided the necessary' skills
for the developmg geothemal technology """ As md:.cated, there ls flex:.bl-
lity in programs at the Hawaii (bmmumty College and the Qollege of
Continuing Education and Oommmlty Services that could help w1th broad
’based tr:ammg programs amed at neetmg both the oammm:.ty and the develo-
pers needs. '.I:here is no- assurance such a program ‘will be developed without

careful attention by the many vested interests involved.

Environmental

In Chapter 7, the various aspects of an envirommental impact
assessment program were presented. In Appendix E, Dr. Sanford Siegel has
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presented a more detailed discussion for those readers requiring same.
From an environmental standpbint, theré does not ap;ﬁear to be any unsur-
mountable problems that cannot: be- »suita!bly ‘resolved.

Finanéial

In Appendix F, Mr. Kenneth McNerney and Mr. John Woods have presented
general terms and conditions which an investor and/or developer may expect
from a lending institutiqn. Providing the marketing, the technical process,
and the geothermal resource are properly addressed and presented, financing
an industrial park develépneht should not in itself be a barrier.

Financial Viability

This study was intitiated because there is a widely-held belief that
the relatively cheap energy available in a geothermal resource will attract
industry. Although this is true in theory, when it cames to a specific
site, particularly a remote site such as Pahoa, it is difficult to find
industries which would make the move to such a location. An extensive
literature search identified 31 candidate industries, but this list Quickly
narrowed to the following 8 industries that justified initial econamic
analysis:

- Ethanol Plant

- Cattle Feed Mill

- Papaya Processing

- Protein Recovery Plant

- Freeze drying of Kona Coffee
- Lumber Kiln

- Cement Bonded Wallboard

- Aquaculture
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That econonuc analyms descr:.bed in Chapter 4 reduced the list of

potentlal mdustrles to cnly three that justlfled detalled engineering and

econcm:.c analys:.s. 'lhese were&the ethanol plant, the cattle feed mill, and "~

the papaya processmg plant. Fram the detailed analysis only the ethanol
| plant is clearly an econam.cally attractive industry, papaya processing is
‘margmal, and the cattle feed mill is not endorsed.

S\mnary Dlscussion L

_ Havmg exammed all of the above issues, there is no apparent
"showstopper" o the successful development of a geothermal industrial
park. There are cbv:l.ously some difficult and ccnplex issues which will
have to be managed for a park to be successful, but there is nothmg that
precludes successful develcpment. However, a developer should approach
, planning for a direct heat application in an industrial park near Pahoa
| with great care. The experience being acquired by those involved in the
current geothermal resource development should be heeded. . There is a con~

siderable body of mowledge and expertise that has been -acquired:and
developed._ Much has been learnedthrough the numerous hearings conducted
durlng _theupast year. An emerging geothermal technology infrastructure
'Jcapable of prcvxdmg engmeermg » financial, analyt:.cal, envirommental and
technical serv1ces can be cf great ass:.stance. . County of Hawau and State
of Hawan personnel have also acqu:.red some of the necessary knowledge and
capablllty to be of benef:.c:.al ass:.stance. In the same manner, cammunity -
4 1eaders and representatives m the Puna Dz.strict -and- in Pahoa Town are
mfor:med and can present thelr needs to a develcper effectlvely assuring -
the developer he mll know the:.r .concerns and their needs. . . .

In all the economc studles ' l.t became clear that there are few

industries in which the cost of energy‘d_etermmes its v1ab111ty. It is
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difficult to find an mdustry that has more than 10% of its production =
- costs represented by energy. In analyzing the ethanol plant, ther exercise &'J
" was conducted to raise the price of steam from $2.67/MBIU to $5.93/MBTU.
This increase in steam price only reduced the internal rate of return fram

43.6% to 40.1%. This insensitivity © ‘energy cost is true of other industries.

Conclusion

A detailed look demonstrated that it is practical to build an
industrial park that would use geothermal steam near Pahoa in Puna The
envirormental, legal, geologic, and financial impacts are manageable.  The
social impact can be managed provided the park is not of such a massive
scale to change the character of Pahoa and provided the residents are
involved in the decision making process.

Cellulose to ethanol plant could be an anchor industry in the industrial
park if a proven proces§ can be provided. No other businesses were iden-
tified which would justify starting the park. A papaya processing facility
would make sense in the park if there is need for an additional processing
plant in Puna, but probably does not justify relocation of existing plants.
No other mdustry was discovered which would be clearly profitable in the
geothermal industrial park. No existing process was identified which could
operate successfully in Pahoa, and which had a large enough energy content
to justify the move to Pahoa. MNo other potential process was identified
that was sufficiently energy intensive to be fﬁtther considered.

There may be some industries which were rejected which ‘could be deVé;
loped to be practical in Pal-ba’by a research labOratory; Until such laboratory
generates new businesses or until an anchor industry such as ethanol pro-
duction is commenced, an independent industrial park intended to utilize -

\

direct heat geothermal energy in Pahoa will be a very questionable investment.
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APPENDIX A
GEOTHERMAL RESOURCES OF PUNA

by Charles E. Helsley

EAWAII INSTITUTE OF GEOPHYSICS

INTRODUCT IO

The volcano Kilauea on the island of ﬁawai.i. has long excited

scientists and laymen with its spectécular éisplays of volcanic

: activi.ty.A Host of this act:.v:l.ty is confined to the summit regwn

of the volcano and, therefore, this port:.on of the volcano has
rece:.ved most of the attent:.on of volcanolog:.sts during this
centﬁr&. From the geothermal po:.nt of v:Lew, however, th:i.s focus
on the sumn:.t region is sumewhat m.sleadmg for only a small
port:.on of the magma suppl:.ed from deep mth:.n the earth remains
in the summit reg:.on, e:.ther as :.ntrus:.ves or as surf:l.c:.al lava
flows. The major:.ty of the magma suppl:.ed by the volcano
estimated to be about 0.1 cubxc km per year (Swanson, 1972) lecves
the summit vregion after a brief storage per:.od v:.a cracks and
fissures associated with the southwest nft zome end southeast
rift zome of the volcano. . Much of this magma eventually finds its
vay to _the _surface where it~fo§:ms b»extensive-lavarflows on the
flanks of the volcano, howevet. a-. small portion - of the . mgma,
var:.ously estmated at -1 to  25. percent of the total volmne »
rgma:.ns in the:_subsgrface as emall intrusive : bodies d:.str:.buted
along the rift zone. These instrusive bodies are the source of

the heat for the geothermal resources along the rift system.




The amount of heat migrating into the rift zones via this
process is quite large for a cubic meter of magma comtains about
50,000 BTU. Most of this heat, however, is 1lost to the
environment surrounding the rift zome due to the fact that the
lava is brought to the surface where it is cooled by exchange with
the atmosphere and groundwater. Only those portions of the magma:
that remains deep within the subsurface retain much of their
initial thermal energy. Assuﬁing that 1 percent of the magma
supply remains in the subsurface (probably a low estimate), one

‘can calculate a steady—state heat input into the subsurface
portion of the 1lower east rift of Kilauea volcano of
50,000,000,000 BTU per year. Since this heat flux has been
essentially continuous throughout the 1life of the volcano,
estimated to be about 100,000 years plus or minus 50Z, one can
easily calculate that very large heat resources are likely to

exist in the subsurface beneath the rift zome of Kilauea.

HISTORTCAY, RACRGROUND

The geologic study of the Hawaiian Islands began many
centuries ago, for the Hawaiian legends have vivid accounts of
volcanic activity. These legends include not only a wealth of
information about volcanic activity in the near past, but also
include an historical summary that properly identifies the
progressive development in time of the Hawaiian volcanic chain.

Written descriptions of the volcanic activity commence shortly
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after the discovery of the islands by Capt.f j#mgs Cooke‘iuxl778.
Ellis (1825) provides the first written'cccouutdof activity at the
Kilauea summit and records native accounts of the past actrvzty of
'Kilauea as well as other Hawazzan volcanos. Some of the more
significant flows that occurred 1n hxstorzc time on. the leand of
Havaii are shown in Figure 1.;, AA N
sttorxcal actrvxty in the Puna dzstrzct,l that is the
southeast rrft system of Kilauea, is cuccinctlj sumuarized by
Macdonald and Eaton (1964). Eruptzons in the lower half of thé
rxft zoue have occurred about 1750, ebout 1790, in 1840 and in
'1955, 1950 and 1961. I 1924, ‘a8 swam of small earthquakes
occurred “near Kapoho very szm;lar to those that preceded the 1955
| eruptzon..kShortly after the peak of this actzvzty. -8 great
subsidence occurred at Ealemaumau ‘crater wzthzn the Kzlauea
‘caldera. It is not known where the lava went, but Jaggar (1947)
auggescs that the lowerzng of the magma level in the caldera
resulted from the 1ntruszon of the magma 1nto the 1ower east rzft
in [the_:yzcznzty of Kapoho. If we include thzs 1924 event, there
ﬂavev been seven periods .of 1ntru81ve or 'extrusrve ‘volcanic
actxvzty in the lower easc rzft sxnce 1750._ | 7 ;

The 1955 eruptzons ‘were, exceptlonally well observed and
'documented by Macdonald and Eaton (1964). In general, the land to
the southeast of the eruptive centers subsided between 1 and 2
feet and was displaced horizontally to the southeast between 2.3

and 5.4 feet during the eruption. This data suggests that a




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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near-vertical, tabular intrusive body ‘was emplaced in the
subsurface during the eruption and that the thickness of this body
vas some.2 to 5 feet. This would make it comparable in thickness
to. other dikes observed in exposed, but oldet,. rift zones

elsevhere in the Hawaiian Iglands..

GEOLOGY OF THE FEAST PUNA DISTRICT

The only known geothermal Tesource in the State of Havau. is

m the eastern port:.on of the Puna D:.t-ztr:.ct, about 25 mles from

:the summ.t of the K:.lauea volcano. , 'Ihe geology of the reg:.on is

g:.ven m cons:.derable deta:.l by uacdomld and Eaton (1964) as part

of theu' descrz.ption of the events snrroundmg the 1955 lava flov.

"'fFrom gecphys:.cal stud:.es conducted in the sxmm:.t reg:.on we' now

knov that the ‘magma. (molten rock) entermg the K:.lauea volcano
comes from deep vithin the earth and collects in-a shallow storage
reservoir beneath - the amnm.t caldera. Host of th:.s stored magma
leaves the sumit reg:.on vu subsurface conduzts and shows up again

as lava flows emerging to the surface along the rift zones. ‘rhis

‘ pi-ocessf is illustraed diagrematically in Figure 2.

The southeast rift Zonme of Kilauea commences at the Kilauea

crater -and extends in a- southeasterly direction for about &4 1/2

miles where it makes an abrupt bend and continues on a trend of
about N65E to Cape Kumukahi. This zone is marked by numerous pit
craters and cinder cones as well as a number of fissures from A

which historic lavas have come and a number of other cracks that
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extend aeveral tens of feet into the earth ‘and have lengths of a
few of tems of feet to aeveral mzles. Along this zomne of recent
volcanic actrvxty, one can recognize more than 70 vents from which
lava has iatued eithernin:historic or prehistoric times. Some of
these vents and° cinder cones as. well as fractures and faults
associated w1th the eastern part of the southeast rift are shown
in Figure 3. This figure, extending from Cape Rumukahi, the
eastern most point of the zsland of Hawazx, to Heiheisahuhu a few
miles west of the Pahoa-Kazmn road, shows a- nnmber of the features
associated with historic volcanic activity in this region as well
as a few ‘fault scarps and cratera'of'prehiatoric age. In thishu
,area, the rift zome appears to he up to 4 km vide and conszsts ofi
- & number of parallel to eubparallel eruptxve f£issures ‘and faulta.
F;gure 4 extenda these features further west along the rift zone
to the vzcznity of Kalalua crater. Figure 4 also shovs the site
of the 1961 erupt;on, whzch, along with the 1977 Kalapana flow,
are expresazons of the moat recent volcanic activity in the lower
east rift zone. Fzgure 5 from the Macdonald and Abott”s book on
the geology of the anaaxan Islands (Macdonald and Abbott. 1970), |
‘shows the extent of the aurftczal lava flows assoczated v1th the
eruptive fissures ahown.in Fzgure 3.' It should he noted that the
1960 flow, in the viczn:ty of -Kapoho, is not‘ahown‘in this figure
but is included in Figurelo. The 1960 Kapoho eruptxons eovered
two features of considerable geothermal interest: (1) The wam

spring just north of Puu Kukae and (2) The boundary of the graben
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Figure 3
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formed in 1924 and showed in Figure 3. Other older maps also show
a wam spring to the northe;st of the wamm spring 1locality shown
- in Figure 6.

" " From the above. di;cussionv it is clear that the zome of
intensewvolcanic‘aptivity“in‘the;eastern part of the Puna district
is very well éipresbed, both topographically and geologically. It
is markéd‘by # se:ies qf‘érnptive vents, fault scarps, 'ﬁistoric

4andr p;éhistdrié cinder coﬁe;. all Bf’whicﬁ present a strong N65E
trend dﬁ geologic maps and Vaerial photographs. This zome of
proﬁohﬁced fsﬁrficiai'featuresrindicating ﬁhe éiésence of volcanic
activity at depth, varies in width from 2 to 4 miles with the most
gctivé;part #pparently being confined'to the zone of about 2 miles
wide. ’

| From geologic considerations alome, it is likely that much of
thie region is, in the subsurface, at elevated temperature. As
mentioned sbove, the older rift zones, exposed at the surface
elsewhere in the Hawaiian island chain, consist of dike complexes
in which the dikes vary in thickness from 1 to 5 feet averaging
between 2 and 3 feet. In the older rift zomes these dikes- trend
in various directioﬁs but generaily have an average trend within
about 20 degrees of the trend of the rift zome as a whole. Where
these dikes are exposed iﬁ rift éones, such as that of the Koolau
Volcano on Oahu, they comprise some 25 percent or more of the
total volume of the rift zone. Thus, one can estimate that the

east Puna rift zome may contain 1000 to 2000 dikes in a generally
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12 fractured zone. into wh;ch new lave meves from time to :iﬁ;;

Each of these numerous dikes zs intruded at a tenperature in
the vicinity of 1100 degrees centigrade. 81nce the dikes comprzse
about 252 of the rift zone at depth, we can calculate that the
temperature wzthzn the :1ftvzone, at a depth sxgn;fxtantly below
aea’level'where"weter‘circulhtien'hes,het been“great,’ should 5&'
about 300 deg:ees‘ cehtigfade;'veaéﬁming that the ambient earth
cohhtt;ot'is ahhet 20 degreea centigtade»nnd that no heat ie lost
to the outside votld; Thxs aseumptxon, of course, is unrealxstzc.
However;f in vzew of the extensrve heat;ng that takes place during
thelpessageeoflmagma through the dzke during erupt;ons end during
the‘émﬁhacement‘of;the dike, it may not be es:unrealistic as it at

,fir8t43eeems. Eruptions.’ as should be obvious from the above
discussions; oceurvfrequently in the east Puna district, and sinee
1750, have averaged about one every. 30 years.. S

This inferred subsurface geology discussed in the paragraphs

above was confz;med by the drilling of the HGP-A well in 1976.
»»Figure-i shows thef~tempereture~ observed- in' EGP-A under three
conditions: (1) Fatural earth temperature measured while the hole
was still filled with mud, and theteforer not comvecting or
-~ producing . inte:nally;rE(Z)‘-Temperature;;prefile»taken:during the
shut-in period after breductibh\hed heen"eehieied»end‘the?mndk had
been removed from the hole. This curve shows a much more elevated
temperature  than the natural earth temperature; apparently

resulting from fluids entering the hole at depth and leaking from
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it at the base of the cas:.ng » which in tl.u.s case was at a depth of

. about 2250 feet. This shut in temperature curve is :unportaat,

however. -_for it gives us some idea of what the axnblent temperatore
is at depths greater than 4000 feet : deptbs th’at were not obaeroed
under static cond:.t:.ons w:.th mud in the hole due to mudcaking in
the hotter port:.ons of [the reservo:.r. (3) Curve shows the

temperature versus depth plot during producti.oa. During

‘.pfroduction- the well flashes to steam in'.thih the well bore (and

probably also within the formation outisde the well bore) and
thua s the tenperature is cona:.derably lower in the produc:.ng zone,

The rocks encountered dur:.ng tbe dr:.ll:.ng of EGP-A gives '

,further ev:.dence of the subsurface condrt:.ona within the rift zone.

Examznation of the cuttzngs and cores collected during the
dr1111ng of HGP-A zndzcate that lavas of aubaerzal,orrgxn continue
to ‘well below sea level. These materials continue to a depth of
at least 450 feet belowvsea,level and perhaps continue to  nearly
800 feet below sea level. These rocks of subaerial origin are
characterized by high porositf with vesicularity ranging up to
25% . Beloﬁ 1400 feet, the vesicnlarlty appears to’decrease
markedly and the rocks beg1n to be progresarvely and pervaazvely
hydrothermally altered. ‘ All samples below 3000 feet depth show,
evxdences of alteratron,wath the formation of secondary minerals
such as pyrite, chlorite, actinolite and quartz, as well as
numerous zeolites (see Figure 8); lheae minerals, characteristic

of hydrothermal alteration of basaltic rocks, continue for
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approximately 3000 feet to;the'hotton of the hole. 'The rocks are

not --vesicular . below -3000 feet ‘and even the fractures tend to be

heavily filled .with  secondary. :minerals. This - ‘secondary
mineralization of the fractures apparently provides a permeability-
barrier and permits the formation of the reservoir.

The fluid within the HGP-A well has an abnormally low
salinity being approximately 15 percent of that of normal sea
wvater. The water table was not obsetved durzng the drilling of
the well, however; nearby wells zndxcate thst the water table is
but a few feet above sea level throughout the regron. Moreover,
‘the chemzstry of the fluxd in the EGP-A well 1nd1cate that at
least a portxon of the recharge is comxng from relatrvely hrgh
elevatrons, say 3000—4000 feet, 1mp1y1ng that much of the fresh (
water now at HGPQA has an orzg1n as ralnfsll on the hrgher slopesﬁ
of the volcano. Host 11kely thrs high elevatzon rs1n£a11 becomes"
channeled w1thrn fractures snd lava tubes, eventually reachzng the
rift zome where 1t flows dovn the rrft zone to the vrcrnxty of the
HPG—Awell. o o ST

Near surface rocks inlﬂawazi are extremely porous 'and have
very hrgh permeabrllty. ' Thrs permeabxlzty xs dependent on the ‘
presence of fractures, znter-flow spaces, snd lava tubes rather
than on the vesiculsrrty ttself for the veszcles are not well i
connected. At greater depth, where the vesicles are absent sndl
the inter -flow spaces are mznxmxzed, most of the permesbrlrty is

probably due to fractures fractures that may have been due to
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thermal stressing of . the rock during previous eruptions. The

presence of secondary minerals within the well indicates that

these fractures are filled, thereby restricting the movement of

wvater and providing a "self-sealing™ mechanism for the geothermal

reservoir,

REGIONAL GEQOPHYSICS -

Regional geophyaical studies of the lower east rift have been

conducted by both the Havaii Volcano Observatory (USGS) and the
University of Hawaii through the studies of the Hawaii Institute

of Geophysics. The most prominent geophysical expression of the

rift system in the east Puna district is a concentration of small

earthquakes along this zomne, These are 111ustrated in Figure 9
which shows the earthquakes dur:ng a representatzve period
observed by the Hawaii Volcanoes Obervatory network of seismic
stations, fhe marked decrease in number of earthquakes in the

eastern portion of the rift is always observed and suggests that

the earthquake hazzard and risk of volcanic erruptron decrease.

srgnrfzcantly east of Eelhexahulu. The drstrxbutxon of the
earthquake actrvrty wrth depth ‘suggests that they are generally
conf1ned to a zonme that parallels the rrft system but is 1nc11ned
slrghtly to the south, that is, they expresa a fault zone that
dlps at an angle of 60 to 70 degrees, with respect to horlzontal,
to the south. The near surface portzons of this fault may be much

more vertical.,
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The rift zone also dom:.nates h the electrical self-potential
map  shown :i.nf Figure 10;. Positive self potentials are thought to
be due to the léskage of wamm water from geothermal reservoirs in
the above sea levellvpo::tioh of the_island. Three such areas are
denoted in Figus'e 10 and are ‘lab_eled as 4, B-C, - end D. A more
detsiled view of  the Bed " anoinsiy "adjscent'to : the HGP=-A well is
shown in ?igufe 11, One must renember. however; that the high
self-poteutials shown on these f:.gures must be created by the
streaming of wam fluz.ds m the above sea 1eve1 port:.on of the
island and that the self—potentzsl map :.tself says 11.tt1e about
the source of reservo:.rs at: depth, only the:.r zones of leakz.ng.

‘Electrical couduct:.vzty surveys have heen conducted on the
lower east r:.ft, notahly by Keller et sl., (1977) ‘and Kauahikaua
and Klein (1977) as well as more recently by Ksuah:.kaua ~~(pers .
comm.). All of these suweps x.nd:.cate that h:.gh conduct:.vzty
zones are present at depth. but none of these surveys has

succeeded in penetrating to depths that are suff:.c:.ent to define

reservoir boundaries. Thus, one can only say that the reg:.on is

highly couduct:‘.ve and underlain by rocks saturated with wam or-
hot water, but one cannot define uhere the wamest sseas are. The
most - promment of the anomal:.es appears to be in the v:.c:.ni.ty of
the A and B anomsl:.es of F:.gure 10 as vel.l as the region between

Cape Kumukah:. and the Rapoho crater (see Figure 3). -
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1977).
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- Fig. 11. Detailed contour map of the eleCtrical‘self;potential 4in

= o the vicinity- of HGP-A. Rapid changes in potential are o
‘indicative of a near-surface origin for the anomaly

.- from Zablocki, 1977). o
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' SHALLOW WELL DATA

A number of shallow wells have been drilled in the east Puna

region in the _sea»reh‘for probable groundwater. as welAl as in the
,séarch for geothemal resources. The location of these wells are

shown J.n F:Lgure 12, wh:.ch also md:.cates the temperature obsetved-

in each of the wells., Wells nearest the nft zone have the most

elevated tanperature as would be expected l.f geothetmal reservou‘s

.at depth were leak:.ng wam fluz.ds to the surface. Geol and Geo2

are wells that were dr:.lled near the Pahoa-Kaimu road in the
vicinity of the 1955 vent by an exploration company in an early

attempt to discover geothemal resources. The same is true for

the well labeled Geo3. Temperature profiles for 5 of these wells

are shown in Figure 13. Geo2 has the highest | temperatures, but
the well does not reach sea level, and thus, the temperature is
only indicative of the steam phase in the well bore. Geo3 does

reach sea level and has a temperature in exce‘ss' of 90 degrees

centigrade and has been stable at this temperature throughout the

past decade, indicative of reasonably large. resource that is

recharging this well. S:i.nee the water ‘table is always mnear sea-

level in this region, and the . above sea level rocks are very

porous, it is very unlikely that temperatures much in excess of '

100 degr_'ees_ centigrade will ever be observed in shallow wells,
although an abundant wamm water resource is present at a depth of

a few hundred to a thousand feet in the region.
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Fig. 12, Map of the Puna district showing the location and temperature of all groundwater sources

(from 'Krodpn’ick et al., 1977).
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.., GEGLOGIC FAZARDS . ... .. .. ..

. . The island of Hawaii is yery‘young, with the oldest rocks now

‘exposed - to the su:facie being- less than 500,000 years old. The

‘Kilauea volcano is even younger and few of the surface rocks on

Kilauea . are \_olde_r,:h,an 2000 years. - Any area with young geologic
features has concommittant geologic hazards and Kilauea volcamo is
no exception. The primary hazard along the rift zone comsists of
ea;thqua}‘és'.‘ lava flows, eruptioms, - and sudden ground movement
ras»sociat’ed, with faulting. _Although these hazards are present, the '
eggnmnic_ risk .i; probably small. . - ..

_The largest earthquake in the recent past was the Kalapana

"ea:ttgqt};;kg, -of 1975 (H=7 .2)._~_ Smaller' -earthquakes :occurred in 1954

(= 6.5), in 1951 (k= 6.5 and M= 6.9), in 1929 (M= 6.5), and in
1868  (large but .magnitude- unknown). Despite the: size of these
earthquakes, little structural damage occurred and accellerations
rarely exceed 0.4g. These accellerﬁtionafhave a peak amplitude
response primarily ‘,‘iﬁ;yrelrtical direction. Ii:a risk analysis. for
the ch_t‘;r:ent .. well .site -.(Rogers ,Eng:';neéri.ng. 1978), it was
recommended that = the _désign criteria "for - primary. components‘
.({caﬁpqt!gnt_s . .whose ;.Afaillure involves severe ecbnomic loes or
possible iﬁss_,,of -lif_e or. severe’ i.njury)ffb:e;adequate to withstand a

'gzl'guknd Aayccel]',,erationv of 0.41g with a respouse ?spéctrun peaking .at

- approximately 4 hz. These characteristics were recommended on the

basis  of a 3077eaf deéign life and an-assumption that it was

ag:ceptéble for. the ground accelleration to exceed 0.4lg with a
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Volcanic - hazards within ﬁhe rift zome can be divided into 2
categories: Those due to events taking place in the immediate
vicinity of an eruption and those that-are associated with the
 downslope movement of lava issuing from & vent. ' The best, "and
perhaps only, way of mitigating the first hazard is to locate the
physical facilities cutside the zone:of potential active eruptive
activity. The industrial park‘site being considered is in such an
area., Within the rift zome itself, paét'eruptions have been
frequent in some areas and virtually absent in others. Thus, even
within the rift zone there are areas where the hazard due to
eruptive activity can be minimized, perhaps to the point of being
insignificant. The area between the 1840 vents at the north edge
of the rift zone, and the 1790 and 1955 vents at the south edge of
the rift zome is such an area (see Figures 3 and 5). The bulk of
the Leilani Estates may also be in such a relatively 1low hazard
area. These areas, while having a low hazard relative to eruptive
activity, have a high hazard relative to lava flow. The lava
flows tend to pond and flow: within the rift zome ares as is

evidenced by the 1790 eruption which underlies much of Leilani

Estates. Outside of the rift zone, there is still a significant

hazard due to flowing 1lava. The use of artificial barriers or

construction - on- high ground temds to ‘minimize this hazard.

According to the Rogers Engineering report, 3 to 8 pethnt of the

land area within the rift zone is likely to be buried by 1lava
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, while only 0.5 to.3 percent of

[P . M
the area outside the rift zome would be co%e:edw during - the same
period.  Thus, lgpg;ionxofrthevmajogfphysical,facilities outside
the.rif; zqne,,pa:ticularly,if the location is in an area of high
ground, should provide an adequately low risk for a major
invgstment. ‘ | ,

Q:ognd ;qbsidence has historically been limited to the rift .
zone iﬁqelfjvor ‘to areas to the south of the rift zone in the
vicinity of the Halini Pali fault zome. Subsidence occurred
withipv;hg_rift zong@ﬁn-;924‘an¢ again in71955_in gssoci#tion with
eruptive activity and also occuredsouth of the rift zome in. 1975 at
the tiﬁe of the 1975 ththqnagg;7 There is no historic = record . of
subsidence takiné,flage.nqrth of thé;rift,zpne. - Thus, subsidence
should not Bg a,giggific#ntiha;grafcﬁ;a‘plant siﬁe iocated north
of the rift zome. S !

_The gpove_gﬁa;ysig,has p;iﬁa:ily dealt with the hazard at the
léroposgd indust;igi pgfk, site., . The producing wells and the ..

pipeline are subjected to all the haiar&s\:of“:the":ift zome . by

'neceagity, for that ig vhere the tesoutceﬁisflocq:ed, _Eg;;hquakes_'<’

will probably not result in damagegto;githe:?inqtallation, vith
theﬂéossiblé exception that the V?¥}1,99r9;>9°“1d bey disrupted
should a fracturg‘ inﬁersect the well bore. This an unlikely
possibility and can bé best mitigated by having several producing
wells bseparated fiom ’each other by soﬁe diﬁﬁance. Therpipeline

itself should mot be injured by earthquakes, nor should eruptive
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activity disturb it so long as steam continues to flow within the
pipeline for it is then essentially self-cooling. ’taja flows, on
the other hand, could ' disrupt the pipelime if they become very
viscous or blocky, whi1e~1it£1é disruption is likely to occur if
the - pipeline is ion‘theisu:facé:ana”is-oVerrﬁﬁ’by theavery-fluid
flow. Hazard to the pipeline can 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 to accommodate thermal 'expénsion and
contraction, ground subsidence or extemsion should have little
effect on its operation.

In summary, the geologic hazard inherent in the east Puna
region can be greatly minimized by careful selection of industrial
park site and by awareness of the natural hazard of the region
during design and construétion of all surface facilities.
Although it is difficult to estimate the extent of economic loss
that might result from the natural hazards of the area, the risk
of significant ecomomic 1loss should be considérably less than 5
percent during the useful life of the installation (éstimated,-as
30 years) if care is used in the choice of site and éﬁopet

engineering design and construction techniques are used.
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The major resources within the region are likely to be found
in association with the 2-mile-wide rift zome that extends in a
N65E direction from the vent 4 1/2 miles south of Kilauea toﬂ Cspe
Rumukai. Exactly where the resources will be aiooé'this trend is,
at present, anyome’s gue;e, ‘for we have too;little geophysicald
data to pinpoint detailed targets. however. _ the surfsce>
_ geologicai expressions suggest thst ‘resources are 11ke1y to be
found more or less contxnuously throughout thxs zone, rather thsn
in only a few isolated spots. Thus, for plannrng purposes, a>
model site seem sppropriste. As development occurs it may be
posszble to xdentzfy a resource wtthzn a mile and a half of the
site where the 1840 vent 11ne appesres to provzde ev1dence 'of a
potent;sl resource near~the northwestern boundary'of the Lezlanrv
'Estates.' s N - :

It is expected that future development in the southwest rift
of Kilauea will result,xn a serzes of sztes separated by one to_h
three miles, thus planning for industrial parks should be
psufficiently flexible that they can located near ome of these
- development areas rather them /requiring a development area of
_their own.  The existence offthe‘current.HGP-A well would suggest
that one such site might he due north of the EGE-A.well. However,
the site‘under gtudy is ideally suited for the drilling that is
currently. going on at ’the Craddick-Bernwell location which is

| approximately 3 miles SSE of the proposed site adjacent to the
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easternmost vent of the western zone of the 1955*<eruptive

activity.
CONCLUSI

The geology and historic volcanic activity of the lower east

rift system of Kilauea volcano suggest  that geothermal.resources.

vill be found at mumerous sites between Cape Kumukahi and the
National Park bouﬁdary. | The zoné of geothermal potential is on
the arder of 2 miles wide,rand thg resources are likely to be
found. 2 to3 fhousand feet ﬁelow sea level throughout this zome.
However, the western, higher elevation portions of the rift system
have considerable higher risk of lava inundation, thus the ideal
areas to be considered fbt initial developmen; probably lie to the
e#st of Heiheighulu which 1lies about 2 miles west of the
Pahoa=-Kaimu road. The rescurces available even in this limited

area probably sufficient to supply the need of at least ten

industrial parks the size of the one envisioned.
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Figure 1. Topographic map of the island of Hawaii showing historic

flows along the east rift zonme of the Kilauea volecano.

Figure 2. Vertical cross-séction~through the island of Hawaii
 showing the aoufée-of‘mﬁgﬁa for Kilﬁue# and'Ma;ﬁa Loa
volcanoes and the shallow magma reservéirﬁ'fhat are
;yewzqgrcg)ofﬁgpe‘;ava opgervgﬁein‘the eruptions along
the rift systens..
Figure 33*‘Tectoﬁicjﬁap of the east Puna region (lower éaét;rift zone
| © o of Kitéueé?volcano) (from4iAbf6cki, 1975): Eruptive
fiseures are shown cross-hatched and faults are shown
~as sdlid lines vithi:%g down-thrown side indicated by dots.
_ Inferred faults are shown by_dashgdlliqes. -Prominent cinder

cones and,pit‘graters,argdglso shown..
Figure 4. Map of part of the east rift zome of Kilauea west of Figure 3
~ showing faults, cracks“aﬁd;lavA:fioﬁénfbrmed in 1961 (from
' Macdonald and.Abbott after Richter amnd other, 1964).
~kFigureiSi°‘ﬁap‘of'the'easferﬁ portion of the fﬁﬂétdiétrict'ahowihg the lava
" flows of 1955 and' their relationship with older historic flows
 (from Macdonald and Abbott,1970). |
Figure 6. Map of the easternmost portion of the island of Hawaii éﬁoﬁiﬁg )

U 2T - ‘distribution of the iévéﬁflows'érdyted in 1960. Note
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location of the area of the wam spring covered by the

1960 lava (from Macdomald and Abbott, 1970).

Figure Z.M,Iemperature versus depth at theVHGP-A.well under three separate

conditions (from Helsley, 1977).

Figure 8. Alteration mine:alogy,obéerved"in.samples;from HGP-A. (from Stome.

1977).

Figure 9. Map showing the distribution of earthquakes associated with
the east rift system of Kilauea. Note the marked decrease
in number of earthquakes per unit time in the easternmost

‘portipn of the rift. This bo;;ndary lies just to the

west of the Pahoa-Kaimu road.

Figure 10. Contour map of the electrical sélf-poientiél‘observed
in the lower east rift zome (dashed where inferred).
Crossed circle shows the location of HGP-A. Areas of
maximum positive asnomaly are noted A, B~C and D.

(from Zablocki, 1977).

Figure 11. Detailed contour map of the electrical helfipotégtial
. in the vicinity of HGP-A. Rapid changes in potential -
are indicative of a near surface origin for the anomaly.

(from Zablocki,1977)

Figure 12. Map of the Puna district showing the location and temperature

of all groundwater scurces (from Kroopmick et al., 1977). \;;
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" Figure 13. Temperature obs

Figure 12 (from Epp and Halunen, 1979).
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~ APPENDIX B
RE: LEGAL ASPECTS OF DIRECT APPLICATIONS OF GEOTHERMAL
.« "ENERGY IN AN AGRICULTURAL PARK IN PAHOA, HAWAII
by: Sanford K. Okura - Carlsmith, Carlsmith, Wichman and Case

oI INTRODUCTION.V

. The development of an agr1cultural park in Pahoa,
Havall, w111 1nvolve drllllng for geothermal resources, trans-
~:~port1ng the geothermal resources from the well sites to the
agrlcultural park, the obtalnlng of governmental approval of
the constructlon of the agricultural park, and ‘the conducting
'of buszness 1n the agr1cu1tura1 park. Some areas of concern

whlch requlre legal analysls have been identlfled as follows:
| (1) 0wnersh1p of geothermal resources.
) (2) Easements for plpellnes for transm;ss1on
of the resource._r
S (3) COunty and State perm;ttlng requlrements

for development of the agr1cultural park.;

II. OWNERSHIP OF GEOTHERMAL RESOURCES IN HAWAII.,_

'”(A) Overv1ew of the ownershlp problem.ﬂ“4

A developer of geothermal resources in Hawa11 should

be aware that there ex1sts a serlous questlon as to who owns
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the goethenmal‘tesonrceeuiocated in ﬁawaii in parcels where

the 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, or sui generis. The: tendency has been '

to classify geothermal resources as a mineral. However, the
problem is more complicated in the State of Hawaii.

" Even if it is’ determined that geothermal resources
are a mineral, in Hawaii there w1ll remain a second difficult
questionf Who owns the mineral rights’ Since Hawaii has
‘never experienced any substantlal amount of commerc1al mining,
landowners in Hawaii have generally not been concerned about
the ownership of mineral rights. Now that geothermal‘energy
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 or not the State of
Hawaii reserved mineral rights in a large number of land
grants given without explicit minetaloreservations.

(B) Hawaiiis statutory definition of geothermal
resources as a mineral. R o |

In 1963, the Hawaii State LeQiSlatnre enacted
“Act 11 (now ERSVChapte; 152) with the expectation that
bauxite (or gibbsite) which had been discovered in certain
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of the Hawallan Islands would be commerc1ally m1ned.1

HRS Chapter 182 prov1des for the reservatlon of mlneral
rlghts to the state, as well as for the dlspOSItlon of
f'government m1neral rlghts, 1nclud1ng detalls concernlng
"mlnlng leases, exploratlon, etc. - o ,

‘ "As origlnally enacted, HRS Chapter 182 1ncluded}

a def1n1tlon of the word "minerals."' In 1974 the Hawaii
State Leglslature enacted Act 241, which amended HRS Sectlon
182-1(1) by 1nc1ud1ng “all geothermal resources" in the}‘
definition of "mlnerals" 2 ,At the same tlme, HRS Sectlon
182-1 was amended by addlng a new subsectlon deflnlng the
term "geothermal resources."3 ‘The leglslature thus attempted
to resolve the problem of ownershlp of geothermal resources
by clearly definlng geothermal resources to be a mlneral.

As will be shown below, the problem has not been resolved.

(C) Reservation of mineral rights by the State

“of Hawall.

(1) Frequency of Grants w1thout Reservatlon of

"Mineral nghts.

| It appears that the State 1eglslature enacted
a'Act 241 1n 1974 on the assumptlon that 1t was thus prov1d1ng'
“'for OWnershlp of geothermal resources by the State of Hawa11
‘”except for unusual cases where the government had granted

4

land without reserving mineral rights. However, contrary




" to the assumptlon of the 1eg1slature, a 1977 study of grants
and land patents for parcels adjacent to the 1n1t1a1
geothermal s1tes 1n Puna showed that 57% of the area 1s }
either owned by the state or held under an. expllclt m1neral
reservatlon to the State, 12% of the area- 1s w1thout mineral
reservation to the'State, and approxlmately 30% is held by
private owners nnder'documents lacking an explicit mineral
reservation, but deriving‘frcm land grands originally)
‘kpatented subiect to an explicit resertationts It is |
expected that geograpnical areas other than the Puna
District wiil similarly have a substantial percentage.
of grants in which the State did not.explicitly reserve

mineral rights. .

(2) Statutory Requirement of Reservation of
Mineral Rights.

The statutcry requirement that the Hawaiian Govern-
ment reserve mineral rights to itself was flrst found 1n "An
Act to Organlze The Executive Departments of the Hawallan
Islands," which was enacted on April 27 1846 by the Nobles:
and Representatives of the Hawaiian Islands. One section of

that Act prov1ded the form whlch was to be used for all royal
| fee s1mple patents dlsp051ng of government lands.,rthat form

1ncluded the phrase “exceptlng and reserving to the,Hawaiian
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‘Government, all mlneral or metalllc mlnes, of every
description.v® SR ' | \

' In 1859, the King, Nobles, and Representatlves
‘of the Hawaiian’ Islands enacted The C1v1l COde of The o
‘Bawallan Islands, effectlve August 1, 1859. slnce the
'C1V1l Code was a comprehen51ve statutory scheme, it

nece551tated the repeal of various statutes whlch had

- been enacted from 1845 to 1856, 1nclud1ng most of "An

- Act to Organize The Executave Departments of the Hawallan
Islands." The £orm for royal fee 81mple patents whlch
requrred a mlneral reservatlon was one of the numerous :7
prov1slons repealed. Thus, after August 1, 1859, for |
more’ than a century there was no statute requlrlng '
that government grants of land reserve mlneral rlghts. |

" In 1962, the legislature enacted Act 32, vhich
_provzded that rights to minerals and water were to be
reserved to the state 1n the lease or sale of publlc
‘lands. HRS Chapter 182 descrlbed above, whlch was enacted
in 1963, also prov1ded for the reservatlon of mlneral r:n.ghts.9
’ Thus, “from . 1846 to 1859, and from 1962 to the present, the
reservation of mlneral rlghts in grants by the State has‘,

f‘been statutorlly requlred. No such statutory requlrement

‘ex1sted from August 1, 1859, to 1962. sl
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With the exceptionrcf‘a‘fev royal grants made.
before 1848, "Kamehameha' deeds issued/upvﬁo,isss‘and
Quitclaim Deeds issued by the Minister of the Interior
around 1882, all of the land g;antsjcr-patents issued from
1846 until}the Annexation of'Hawéiilincludedha'reservation
of mineral rights to the.Kihg; the Provisional Government

or the R.epublic.10

quever,'in 1900, the mineral reserva-
tion was removgd'f:oﬁ the:pétent form. 1In 1955‘the Tertitory
again began to inc;pdg mineral :esgr#ations in patents, but
nbt cdnSistently. Since 1963 the minerél reservation has
been étanda:d; Thus, betwgén 19007and 1963,L1and was fre=-
quenﬁly, if not typically, conveyed by the Territory and
later by the sState of‘Hawaii without reserving mineral

rights to the gover:iment,11 |

(3) vLand Commission Awards and Roval Patents.

The question of ownership of mineral rights in
Hawaii is further complicated by the method by which fee
simple lands were'originally granted in Hawaii. The enact-
ment of the statute of Décember.lo, 1845, ¢reate§ the Board.
 of‘commiséioners to>Quiet Land:Titlgs, commoplyAknoyn as
the»Land commission. on Aﬁril 27; 1946,_thisvstatute was
re-énacfed as Article IV of An Act to Organize the Executive
Departmehts of the Hﬁwaiian Islanés.lzvnIg 1848, there

occurred the Great Mahele, or division, wherein there was
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a clear separation:of the rights‘to land belongdng to the
Klng on the one hand, and to ‘the chlefs and konohlkls on
'the other. " The hlgh chief and the lesser konohlkls who
part1c1pated in the Great Mahele were requlred to there-
after present their claims before the Land COmm1551on to
receive awards cover1ng the 1and'qu1tcla1med to them by
Kamehameha, III.14 The land comm1551on handled over 12,000
- such claims from 1848 untll 1ts dlssolutlon 1n 1855. 15
A Land’ Comm1581on Award gave complete t1t1e to
the land confirmed, except fbr the government's rlght of
commutataon, which was generally one-thlrd of the value of

16

the unlmproved land as of the date of the award., VUpon pay-

ment of the commutation, the Mlnlster of Interlor 1ssued to
" the chief or konohlkl the royal patent upon the award.17 |
The - royal patent was "";f; merely a qultclalm of the in-
terest ‘of the government in lands wl8 ‘It was of a
mlnlsterlal character and nelther conveyed nor confirmed |

,(4) In ‘Re Land Tltle Roblnson.

The system of issulng a royal patent upon a land

Commission’ Award gave rise to a problem considered. by the ”

20

>Supreme Court of Hawaii in In Re Land Tltle Roblnson._ In

that case, two Land Comm1s51on Awards had been made Wlth-"

out reference to any mineral reservation, but the patents
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w”iésnéd“npnn'aaid;aﬁarda.cdnﬁainadfninenai nesanvaﬁions:
in;a procéeding before the Land cOurt to register title

1n the lands the Land Court held that the statutory form
of patent requlrlng a m1nera1 reservat;on applied only to
sales of government land, and not to patents 1ssued on
Land chmlss1on Awards, and. that 51nce the awards in
»nquestlcn contalned no. mlneral reservatlon, the reservatlon
'1n the patents was 1mprcper. ‘The,Supreme Court reversed,.
hold;ng that the statutory;fo:m of patent, which included
a mineral reservation, apniied,to both sales ofvgovernment
land and to patents issued on Land Commission Awards, and.
- that an award issued without the required minera;"teserva-

- tion implicitly included such reservation. In short,

In_Re~Land Title Robinson holds that where a Land Commission
Award was issued without a mineral reservation, and was
folloﬁad by a royal patent with a mineral reservation,
mineral rights are reserved to the State. It should be
nOted that two of the five Supreme Court Justices
dissented.

The court in In Re Land Tltle Robinson specifi-

5

cally left open the questlon as to who owns the mineral
rights where neither the Land Commission Award nor the royal
patent iSsued4upqn,the award reserves such rights to the

Stafa.Zl That question, if and when raised in the courts,
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will probably be phrased 1n terms of "walver,ﬂ i. e., d1d
the State of Hawa11 by 1ssu1ng both a Land cOmm1551on
Award and a royal patent on the award without mlneral |
reservatlon rlghts waive 1ts rlghts to such reservatlon
‘whlch was authorlzed by the statute? A court which approves
of the holdlng 1n Roblnson would 11ke1y hold that the mineral
reservatlon 1s 1mp11c1t even if not mentloned in either the-
Land cOmm1551on Award or the royal patent. Such an outcome
" would seem to loglcally follow the Roblnson holdlng v1ewed
in the llght of the doctrlne that a royal patent was
nothlng more than a qultclalm of the government's right
to commutatlon.f Slnce the royal patent nelther conveyed
nor confirmed t1t1e, 1t would appear that any om1551on 1n
the royal patent would not be adequate to wa1ve the govern-
ment's rlght to mlnerals 1mp11c1tly reserved by the Land
Commlss1on Award.' e IR

o A separate problem ex1sts where a royal patent
1ssued upon a Land Commlssion Award does contaln a maneral
reservatlon, but the land 1s later d1v1ded 1nto smaller
p1eces (_p__gg) for wh1ch new land patents are 1ssued by
the Hawaii government w1thout mlneral reservatlons.' Thls“
'“s1tuation allegedly exlsts w1th several 1arge tracts of
'land 1n the Puna area, and probably in other ares in the |

State as well.
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' (5)  original Land Grants Other Than Land P

Commission Awards and Royal Patents, Attorney General

Memorandum.

In addition}toiconveyances by Land Commissionrw
Awards and Royal Patents,'original‘land tities'in Hawaiis
were conveyed by the Klng or: government by means of V |
‘Ramehameha Deeds, Grants, Royal Patent Grants, and other"
'government grants. One of the most s1gn1f1cant guest;ons{
remaining unanswered concerns the ownershlp of mlneral
rlghts in lands orlglnally conveyed by such documents
between 1859 and 1963 without a mineral reservatlon to
the Hawaiian government. In a memorandum 1ssued by the
Department of the Attorney General of’ the State of Hawa11
on August 25 1976, the. Attorney General's offlce stated
its opinion that unless a reservatlon of,mlneral rights 7

explicitly appears in a grant®> made between 1859 and

1963, the mineral rights are not reserved to the state.24
The Attorney General memorandum is a short state-
‘ment based on rather llmlted=research. It apparently dld
not take into consideration poiitical factors whlch may
ultimately determine‘the resolution of thetquestion of
ownership of goethermal resources. As the State 1eglslature
apparently assumed that 1t was puttlng geothermal resources

in the hands of the State by enactlng the amendment to HRS

B- 10.



L R

Section 182-1, it is possible that”theﬁState méy now attempt

to look for some other means ofAclaiming“to itse1f'the

valuable resource.

(D) The Hawaii Shpreﬁé Court‘S‘prOCIivity to state

ownership of valuable resources.

(1) ‘Beaches.

In the case of In Re Application of Ashford®S the
Hawaii Supreme Court was"faced‘with the'queStidn’of the loca-
tion ‘of the-makai'(ééaWard)'boundary'df'tko ﬁarceléfbf land
which were described in the royal patents as running "ma ke
kai® (aldng the sea). ’Theftourt rejécted;the7contentioni
that the boundary shou1d be“at méan high.waéeriﬁafk[ as
determinedfby'awsu:veyfbaSed on publications of the U.S.
‘Coast and Geodetic ‘Survey. 'Stating that'“Héwaiifs'iénd
“laws are unique in that they are based on ancient tradition,
custom, practice and‘ﬁsage,"tthe court apﬁro?ed:teStimony
that according to ancient traditioﬁ;‘éuStdm‘aﬁd'usagé;vthé
'boundary’diViding’private land and bﬁblic beaches héézafbﬁg
the:upper1réaches df’thé“ﬁaves‘as représented‘bf the e&§é4

of vegetation or the line of debris. Justice Marumoto

dissented, pointing out, inter alia, that for nearly 50
yéars'the legislative, executive and judicial branches of

government in Hawaii had' recognized the mean high water
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line as the'location of)the high water mark in situations
1nvolv1ng prlvate r:.ghts.26 ,
- In County of Hawaii v. SOtomura,27 the court

reaffirmed the Ashford doctrlne and further held that where

'the wash of the waves is marked by both a debris line and a
vegetation line lying further maukav(lnland), the boundary
vllne lies along the vegetatlon line. The court concluded
that all of the land below that line belongs to the State
rof,Hawalr, Justice Marumoto dissented to that part of the
’uajority opinion which held that the boundary line lies
aleng;the vegetation line, on the ground that the majority
was‘engaéingvin judicial law-making.

Sotomura was followed by In Re Application of

Sanborn,28

wherein the court held that even where a private
‘landowner held a land court decree containing a description
‘iu azimuths and distances of the high water line, such
description was in error and the true makai boundary was
the vegetation line. It thus appears that the Hawaii
Supreme Court has firmly claimed to the State all beach
prouerty below the vegetation line.

(2) Wwater in natural watercourses.

In the case of McBryde Sugar Co. V. Robinson,zgr

the Supreme Court of Hawaii held that the right to water

could not be, and was not transferred by Land Commission
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Awards and Royal Patents. All water in natural watercourses
belongs to the state, subject to certa1n appurtenant r1ghts
of landowners to the water Justlce Muramoto dlssented to
McBryde I, and both Justlces Lev1nson and Marumoto dlssented
to McBryde II, 1n whlch Justice Lev1nson entered into an
extens1ve analys1s of Hawallan water 1aw, argulng for
prlvate ownership of water. One of the prlvate land

owners subsequently f11ed a complalnt 1n u. S Dlstrlct Court,
"allegrng that the Hawa11 Supreme Court dec1s1on was unconsti-

tutlonal. Roblnson V. Arlyoshl, 441 F. Supp. 559 (1977) The

U. S Dlstrlct COurt held that the State Supreme COurt's decision
in M gxde would deprlve the prlvate landowners of due process
under the Fourteenth Amendment, and that 1nJunct1ve re11ef
should be granted. The case has been apppealed to the Court

of Appeals for the Nlnth Clrcult and 1s awaitlng oral arguments.

S (3) New land created by lava flows.’

The Hawall Supreme cOurt's most recent act of »

clazmlng to the State a valuable resource is found 1n N

State of Hawa11 v. Zlmrlng.39

In that case the Court was ;
faced wrth the questlon whether new land formed by a lava -
flow whlch extended the shorellne belong to the owner of
the adJacent property beyond whlch the lava flow extended,
or to the State of Hawazl.. The court held for the State,ﬂ“

denylng that customary Hawallan usage had been establlshed
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" by 'a governmental act in 1877 which recognized private

" ownership of land formed in}the lava-fiow of'1868; Judge
'Vitousek, a circuit court Judge szttlng in for Justlce
Kobayashl, dissented v1gorously.

The line of cases from Ashford to 21mr1ng demoni

strates the strength and con51stency of the Hawa11 Supreme:
Court's blas toward state ownershlp of valuable resources.'
If elther the state leglslature or Supreme COurt dec1des
that all geothermal resources should be owned by the State,-
there are a number of theorles which may be used 1n an
attempt to support such a clalm

(E) Poss1b1e theories for State ownershlp of

geothermal resources.

1. No repeal of Mlneral Reservatlon Requlrement.

. A close reading of In Re Land Title Robinson reveals
that, contrary to‘avstatementrmade in the Attornej General
memorandum, the court in that case did nct expressly "hold"
that the change in the law ﬁas a repeal, but rather charac-
terized the change as a "repeal" without d1scu551ng the
issue as to whether or not the repeal was 1ntended. The
argument mlght be made by the state that the recent enact-
ments of HRS Section 171-58 and HRS Sectlon 182-2 merely
continue the requirement that government grants qt_land{

reserve mineral rights, which requirement was inadvertently
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omltted from the statutes after 1859.” The continued prac-
t1ce of reserv1ng mlneral rlghts to the government after ‘
the statutory requlrement wvas dropped 1n 1859 and until
1900 mlght be c1ted as ev1dence ‘that the Hawa11an govern-
ment never 1ntended to permlt grants w1thout mineral ,
reservataons.

(2) McBryde Sugar Co. v. Roblnson' Important

usufruct of land.

In the case of McBryde Sugar Co. V.. Roblnson, supra,

. the Supreme Court of Hawa11 held that "the ownershlp of water
in natural water courses, streams and r1vers remalned in the
people of Hawa11 for thelr common good."31 'The court arrlved
at thls conclu51on by the followzng line of reasonlng. The
“Land Commlssion was authorlzed to convey only those of the

' Klng s rlghts 1n land wh1ch had been bestowed on 1nd1v1duals
vby him. The Klng could not surrender certaln prerogataves,
'1nc1ud1ng the prerogatlve "To encourage and even to enforce
the usufruct of lands for the common good*** v The right

to water 1s one of the most 1mportant usufruct of lands.‘
'Therefore, the rlght to water was speciflcally reserved for
the people of Hawa11 for thelr common good, and could not ‘
be conveyed by Land Commlsslon Awards and subsequent royal

,patents.az ‘Although thls theory mlght have been used to
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claim for the State the rights to all water, the language
in the oplnlon spec1f1cally referred to water in “natural
water courses, streams and r1vers." ,
i In the dlssent of Judge. Lev1nson in McBryde II,33'
it is aptly p01nted out that "to say that the Kzng retalned
the power to 'encourage' and 'enforce'’ the~'usufruct'_of

land is not to say that, ipso facto, he retained title to
w34

alllsurfaée water in his kingdom. Nevertheless,rthe |
majority Ln the McBryde cases held that as .one of the |

-+ most 1mportant usufruct of land, the rlght to waterrls
reserved ‘to the State. ‘ |

| The questlon arises as to whether geothermal

' resources’ might be deemed to be an lmportant usufruct: of
lands, which Land COmm;s51on,Awards and Royal Patents could
not grant, and which were therefore reserved to the State
even in the absence of any language in the grants regarding
mineral reservation. The term "usufruct" is defined as
"The right of enjoying a thing, the prdperty of whichuis
vested in another,‘and to draw from'the same ali the ﬁrefit,
utility, and advantage which 1t may produce, prov1ded 1t be
without alterlng the;substance of thevthlng w35 it~;s_
arguable that.if the right to water is to be considered a
usufruct of land, then the right to geothermal resourees_

shonidiaisolbe deemed a usufruct of land, for water is a
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chief component of geothermal resources.~qIf the court were

to;focus;on heat as being the most important part of the

'geothermal system,‘arguably_drawingMheatjfrom,the earth

does not alter the substance of the land. Although such
an appllcatlon of the tern “usufruct" mlght be unique,

1t 1s not 1mposs1ble that the Bawa11 Supreme Court would
resort to such a dev1ce were 1t to declde that geothermal
resources should belong to the State.

(3) Publlc trust doctrlne.

The Hawa11 Supreme Court has also used the "public
trust doctrlne" to clalm valuable resources for the state.
it appears that the court flrst adopted th1s doctrlne in
K1ng v. Oahu Rallway and Land CO.3§f,In_that case, the

court held that the people of Hawaii hold the absolute
rights to all its navigable‘waters and,the}sollsrunder them
for thelr own common use. The lands under the navigable

waters in and around the terrltory of ana11 are. held in

trust for the publlc uses of nav1gatlon.?7, In County of
Hawaii v. Sotomura, 38 the court extended the publlc trust

doctrine to the beaches, and held that “land below the high
water mark, like flowlng water, is a natural resource owned
by the State 'subject to, but in some sense in trust for,

1u39

the enjoyment of certain public rights. In State of
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Hawaii v. Zimring, supra, the court further extended the
public trust doctrine to lava eXteosions.40
'~ The public trust doctrlne appears to contemplate

the actual enjoyment of the resource by the people. In

Illinois Central R R. V. 1111n01s,41

relied upon by the court in Klng v. Oahu Rallwax and Land
Co., the U. S. Supreme Court held that title to land below

a case that was heav1ly

the high water mark was different from that which the
State holds in other lands: | |
"It is a title held in trust 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 or interference of privatehparties
. . The control of the state for the pur-
poses of the trust can never be lost, except
as to such parcels as are used in promoting
the interests of the public therein, or can
be disposed of without any subetantial impair-
ment of the public interest in the lands and

waters remalnlng.'42
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'In State of Hawaii v. 21mr1ng, the court descrlbed the State s

duty as trustee of property held in publlc trust for the bene-
fit, use and enJoyment of all the people. ’

,"Presumptlvely, this duty is to be 1mp1emented

- by devoting the land to actual public uses,
e.g., recreation. Sale of the property would
‘- be permissible only W gge the sale promotes a
valld publlc purpose " . v ,
The public trust doctrine thus appeara to contem-

" plate boating, fishing, the carrying on of commerce, recre-
ation, and other -such physical enjoyﬁent'WHich the:people
of the State derive from the resource held by the State as
trustee. Nevertheless, glven the 1ngenu1ty of the Hawaii
Supreme: Court, it would appear that the extensron‘of the
public trust-doctrine‘to include geothermai reSources is
feasible. Although geothermal resources could not
ordinarily be enjoyed physically hy thefpeople;kit'is
‘arguable that under the public trust doctrine, the State
could develop the resource and use the proflts therefrom
for the general: welfare of the public, and thus for the
enJoyment of the people of the State.‘ This approach would”
“appear permissible under the language in Zimr 1ng provrdlng
for sale-of the publlc trust property ‘yhere the sale
promotes a valid public purpose." S
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(4) Ancient Hawaiian Tradition, Custom, Practice

2nd Usage. |
In Ashford, supra, the Hawaii Supreme Court claimed

for the State beach property below the edge of vegetation or
the line of debrls, on the ground that the ‘makai. boundary to
private property was thus established by ancient Hawaiian
custom. The dissent in that case suggests that'the uajority's
position is not supported by established Hawaiian law. |
o In McB gzde, the court Claimed the water in natural
water courses to the State, despite the dissent's argument
that the majority's position was not supported by ancient

Hawaiian usage. In Zimring, supra, the majority acquired.

lava_extensions for the State by discounting contrary
evidence of one instance of relevant earlier Hawaiian usage.
It thus appears that evidence of ancient Hawaiian
tradition, custom, practice and usage can be either used or
ignored by the court to arrive at a decision based on its
sentiments favoring public ownership of property. At first
blush, it may appear that since the discovery of the useful-
ness of geothermal resources is recent, there could have
been no ancient usage of the resource. However, the ancient
Haweiiansimay'have bathed in geothermally heated pools, or

used the steam escaping from vents in the earth. It is not
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impossible}that the Hawaii Supreme Court could cite such
.. evidence in support of a decision to establish ownership of
al;1ggothermal<resources'in the "people of Eawaii," i.e.,
the state. 7
| (5) Rights of Native Tenants. .

<Ancieht custom ambng‘the~Hawaiian people recog-
nized certain rights which the common people had in the
land. On November'7, 1946, the nature and éxtent‘of those
rights were spelled out in Section No. 1 :of the' Joint Reso-
lution on The Subject of-Rights in‘Lands,'etc.‘.L4 The current
provision in HRS Section 7~1 abrogated and superceded the

rights of tenants under both ancient custom and prior

45

statutory law. HRS Section 7-1 provides as follows:

"Building materials, water, etc.; land-
lords' titles subject to tenants' use.  Where
the landlords have obtained, or may hereafter

..obtain, allodial titles to their lands, the

" péeople on each of their lands, shall not be
deprived of the right to take firewood, house-
timber, aho cord, thatch, or ki leaf, from the
land on which they live, for their own private
use, but they shall not have a right to take
such articles to sell for profit. The people
shall also have a right to drinking water,
and running water, and the right of way. The
springs of water, running water, and roads
shall be free to all, on all lands granted in
fee simple; provided, that this shall not be
.applicable to wells and water=-courses, which
individuals have made for their own use."
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- The right to geothermal resources would not appear

‘to fall within the rights-of native tenants, as the right to

_springs of water is not applicable to "wells . . . which

individuals have made for their own use." Furthermore, the
items to which the people have a right are enumerated

in HRS Section 7-1. The language in this section would
have to be strained considerably to construe it to in-
clude geothermal resources.

.- (6) section 5(f) of the Admission Act. -

In the appeal to the Court of Appeals for the
Ninth Circuit from the District Court decision in Robinson

v. Arivoshi, supra, an amicus-curiae brief has been filed

by Ho'ala Kanawai, Inc. (awakening the law), a nonprofit
organization interested in’the rights of native Hawaiians.
The arguments made by Bo'ala Kanawai, Inc. for the reversal
of the District Court decision, and for the affirmation
of the anaii Supreme Court's decision that the water
belongs to the state would apply just as well to the
issue of ownership of geothermal resources., -

The argument rests on the premise that the
Civil Code of 1859 did not effectively :epeallthe
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, ahd that to
take the position that the King, Prime'Miﬁister, and
Minister of Interior éontinhed to sign Royal Patents
which included the mineral reservation clause without
realizing that the Civil Code of 1859 had iepealed thev
clause would be an embhtréssment to’ﬁié Majesty's
Government. Section 1492 of the Civii”ébde’of 1859
provided that ". . . there may be no . . . embarrassmentr
to his Majesty's Govermment, from any change, . . .M as
 a result of repeal of the 1849 Legislatibn;' The argu-
ment then continues that under the Organic Act, the
requirément‘that'ROyal’PatentS”includé?a“minef51 reser-
vation clause, which requirement was not effectively
repealed'in‘1859 ‘became the law in théiTérritofy, and
- was ‘subject to repeal only by the Leglslature of Hawa11 o
or by Congress. - - S |
The f1na1 steps to the argument are as follows.'
‘Upon -annexation, the Republlc of Hawaii deeded its title
to all public lands and property, 1nclud1ng ‘mineral
rights, to the United States, and the’ ‘Territory obtained
onlj'the'pOSSessibn, use and cOhtrbl”of“ﬁhe pﬁblic iands'h’

:-and properties within the limitations provided for by
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the Organic Act. The Territery's subsequent conveyance
of§lands without reservation of minerals could not
convey mineral rights, which belonged to the federal
governménth Upon ;he_admiésioq;of the State of Hawaii
into the Union, the United States granted to the State
title to all the public lands and other public property,
including minéral rights, within.the boundaries of the
State of Hawaii, aside from certain exceptions. . These.
lands granted to the State of Hawaii are to be held by
‘the siaté of Hawaii as a public trust for public educa-
tion, for the betterment of the native Hawaiians, for
the deﬁélopment of farm and home ownership, for the
making of publicvimprqvements, and for the provision.
of lands for public use.46
The entire argument by Ho'ala Kanawai, Inc.
depends on the assumption that the Civil Code of 185% did
not effectively repeal the requirement that Royal Patents
contain a m;neral reservation clause. This argument does
not seem to be reasonable. Although the arguments advanced
in the amicus-cuxiae brief do not Seem to be particularly |
convincing, theré is a possibility th;t-the state Supreme .
Court would hold that the repeal of the mineral reservation

requirement was not intended, and therefore is not effective.
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(Fi Federal ownershlp of m1neral rlghts.

| In Hawazl, there 1s generally no federal owner-

shlp of m1neral rlghts, except 1n lands owned by the federal

government outrlght. Under the j01nt resolutlon of annexa-
.tlon, approved July 7 1898, numbered 55 47 the Republlc of
Hawaii ceded and transferred all of 1ts publlc property to
‘the United States. such ‘public property remained in the
'possess1on, use, and control of the government of the
Terrltory of Hawalz..48 When Hawa11 was admltted 1nto the
Unlon as the flftleth state, the Uhlted States granted back
t “to the State of Hawa11 all of the lands and propertles that

‘;Lhad been ceded to the Unlted states by the Republlc of

Hawa11 under the 301nt resolutlon of annexatlon approved
“\July 7, 1898, or that had been acqulred and exchanged for
lands or property s0 ceded.49 -Thus, even assumlng that
;‘grants made after 1900 by the Terrltory of Hawa11 reserving
mlneral rlghts reserved such rlghts to the Unlted States
of Amerlca, all tltle to such m1nera1 r1ghts would have
"been conveyed to the State of Hawa11 in 1959._ “

r'f’(G)f Constitutlonal con51deratlons.

A contest over the ownershlp of geothermal
*resources, partlcularly 1f the State of Hawaii attempts to
claim all of the resources to 1tse1f, will llkely g1ve rise

- to constltutlonal issues. Tradlt;onal 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 Hawa11 Supreme Court's bias towards State owner-
ishlp of property such arguments w111 prohably be 1gnored
by the court The constltutlonal arguments would probably
’standla much better chance~of prevalllng in the_Federal
Courts. = | | o

(H) Summary on ownership'ofpgeothermal resources.

If the issue of the identity of therresource,isi
raised}‘it wiil probably he ultinately decided by the Supreme
Court of Hawaii that geothermal resources are a mineral. This
is the definition established by the HawaiiVState Legislature
and favored by courts in other jurisdictions. J' ,

 There exists a possibility that the State of Hawaii
will attempt to claim all geothermal resources to itself.
Should it decide to do so, there are available certain legal
theories whiCh would be invoked to attempt to accompiish
the task. In the absence of a claim to all geothermal
resources by the State, mlneral rights owners should prevall
over other claimants in the contest over ownership of the
resource. | | |

(I) Effect of ownership uncertainty on geothermal

developer.

Because of the uncertainty concerning thevownership
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of geothermal rights in Hawaii, the prudent developer should
be careful to negotiate with the prlvate landowner a geothermal

lease which will anticipate the poSsibility of a claim by the

State of Hawaii to the geothermal resources. ~If the well

‘51te 1nvolves land with no explicit m1neral reservatlon to

the-State of ‘Hawaii, the lease between the developer and

- private landowner'should specifiééllyideal with the ques-
‘tion of payment .of royalty in the event that the State of

Hawaii claims the geothermal resources. One possible

alternative is to provide that royalty payments will be

' withheld by the developer until such time that a court

of«competent;jurisdictiongfinally:determinesvwho owns

the geothermaliresource,'et which time the developer will

- make royalty payments - to ‘the rlghtful owner. Such'aﬁpro-
-~ .. vision, .which is very favorable to the developer, has been

'negotiated“and,agreed~upon“in”certaih geothermal'lease options

now in effect on the Island of Hawaii. ' Another possibility is
to provide that royalty payments will be made to the land-
owner, presuming that the landowner:is the owner of the
geothermal resource, until a’court of competent jursidiction

decides otherwise.. A lease containing such a provision has

been negotiated and is now in effect on the Island of Hawaii.

Still another alternative would be to providelfor"the*pay-
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~ment of royalty into escrow in an-interest bearing account
uﬁtil ownership of the ;esqurcé is determined. e

M A lessee under a geothermal lease, or any person
aqqgir;ng the rights«of a lessee in a geothe:mal;lease,
by carefully structuring tpevprovision*recognizing:the
uncertainty of‘ownership of the geothermal resources, can
avoid the devastating possibility of double payment of royalty,
minimigevthewexppsure to expénsive litigation, and even enhance

cash flow.

III. ACQUISITION OF EASEMENTS

At the present time there is no statutory authority ‘
giving a producer or developer of geothermal résources a power
of eminent domain to acquire pipeline easements leading from
the geothermal well to the industrial park. Public utilities
are given by statute the right of eminent domain. HRS
Section 101-4. However, Section 269-27.1(b) of the Hawaii
Revised Statutes, which was enacted in 1978, specifically
excludes "the producer. of geothermal steam or electricity
generated from geothermal steam" from coverage of the term
"public. utility”. As regulation by the Public Utilities»'
'Commission was one of the chief barriers preventing the .
development of geothérmal,resources, it would seem that

the exclusion, although literally referring only to the
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"producer of geothermal steam or electr1c1ty generated

from geothermal steam“ would be construed to 1nclude geo-

';thermal hot water producers as well Thus, 1t is expected

that geothermal steam, hot water, or electr1c1ty producers
w1ll not be deemed publlc ut111t1es, and consequently will
not have the power of emlnent domaln prov1ded for in HRS
Sectlon 101-4.; -

There is some questlon as to how the emlnent

domain power of the State or County may be used to acqulre

energy corrrdors for the purposes of transmrttlng the geo-
thermal resource from the wells to the agrrcultural park

site. Sectlon 101-2 of the Hawa11 Rev1sed Statutes prov1des

"that “prlvate property may be taken for publlc use.ﬂ HRS

Section 101-13 provides that the County may commence an

"emlnent domain proceedlng whenever 1t “deems 1t advisable

or necessary to exerclse the rlght of emrnent domaln 1n the

furtherance of any governmental power .f. .“ HRS Sectlon |

;1'46-61 prov1des that the COunty shall have the power t° ,

"take prlvate property for ﬁvJ\Q rlghts-of-way for dralns,

sewers, plpellnes,'aquaducts, and other condults for dlstrlb-

ut1ng water to the publlc . . . ." The creatlon of energy

corridors for a geothermal proJect cannot be sald to fall |

_ clearly w1th1n the 1anguage of ‘the above quoted statutes.
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It is llkely that approprlate leglslatlon will have to be
enacted in order to spec1f1cally allow the acqulsltlon of
easements by emlnent domain for the purpose of transportlng
geothermal steam ‘and water. |

' In the event an attempt is made to transport
geothermal resources prlor to the enactment of such legls-
lation, it w1ll be necessary to negotlate w1th the owners

of parcels of land between the well site and the agr1cultura1
park for easements for plpellnes. The dlff;culty of such a
task will‘depend upon the number of‘parcelsvinvolved, and

the particular predisposition of the 1andowners.

'IV. COUNTY AND STATE PERMITTING REQUIREMENTS FOR DEVELOPMENT

OF THE AGRICULTURAL PARK:

(A) Introduction.

Before the agricultural park can be developed,
it must be shown that the proposed use fallskwithin the
permissible uses under the State Land Use COmmission District
Regulatlons, as well as under the County Zonlng Code. An
Environment Impact Statement may also be requlred and, an
. 2amendment to the General Plan of the COunty of Hawa11 may
also be necessary

(B) state Land Use Deslgnatlon.

It is assumed that the proposed site of the agri-
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- cultural park falls w1th1n an agr1cultura1 dlstrlct for state

Land Use purposes. The state Land Use Comm1551on Dlstrlct

:Regulatlons, Part III 3-3(11) prov1des that "agrlcultural

parks“ fall within the permlss1ble uses w1th1n the agrlcul-

'*tural dlstrlct. However, the term “agr1cultural parks" as

used in the Regulatlons is generally understood to refer
merely to a subd1v151on located in agrlculturally zoned land,
or to a situatlon where the crops to be processed are grown
on the land where the process1ng plant is located. The
"agricultural park"'contemplated by th1s study would probably
be considered an 1ndustr1a1 park, and would probably not be
found to fall w1th1n the meanlng of 3-3(11). -3(10) pro-
vides that permissible uses include "buildings and uses,
including but not 11m1ted to mllls, storage and proces=-

sing fac111t1es, malntenance facllltles that are normally
considered dlrect (sic) accessory to the above permltted
uses." The "above permltted uses" ‘include cultl- o
vation of crops (1nclud1ng flowers, vegetables, follage,

fruits, forage and tlmber) Thus, the proposed anchor

‘ 1ndustr1es for the agr1cultura1 park would be perm1s51ble

uses within the agr1cu1tural dlstrlct 1f they are "normally
con51dered dlrect accessory" to the cultlvatlon of crops.

There may "be’ some questlon as to whether an ethanol plant
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is "normally con51dered dlrect accessory" to the cultlvatlon
of tlmber or other crops. , ‘

N If it is determlned by the State Land Use Commission
that any of the proposed uses contemplated by the agricultural
park does not fall w1th1n the meanlng of 3-3(10), then there
would be. two p0551ble courses of actlon. ‘
| » The flrst poss1ble course of actlon would be to
Vpetition for a spec1a1{use permit. In order to quallfy for
a special use permit, one woﬁid have’to show "unusual and
reasonable use." The State hand Use Commission,District
Regulatlons, Part V, 5-2 prov1des the followrng guidelines
to be applled in determlnlng an "unnsual and reasonable
use."

u(1) such use shall not be contrary to
the objectives sought to be accomplished by
the Land Use Law and Regulatiomns.

(2) That the desired use would not ad-
versely affect surrounding property.

(3) Such use would not unreasonably
‘burden public agencies to provide roads and
streets, sewers, water, drainage and school,
improvements, and police and fire protectlon.

_ (4) Unusual conditions, trends and needs -
have arisen since the district boundaries and
requlations were established.

(5) That the land upon which the proposed

use is sought is unsuited for the uses permltted
within the District."
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The procedure for applylng for a spec1al use permlt

1s as follows-

. M"a. File Application for: Spec1al Permit
w1th the County Plannlng Department.

‘ b.' A publlc hearlng is conducted w1th1n
‘a period not less than 30 nor more than 120 -
days from the £111ng of the appllcataon.

c. The Plannlng Comm1ss1on renders a
decision no earlier than 15 days after the
public hearing.

4. 1f the County Plannln Comm1551on
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 decisjon together with the findings per-
talnlng thereto to the State Land Use COmmls-
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 less 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, changes
the permitted time to 60 days.)

S - The State Land Use Commission will
act on the petition within 45 days after ,
receipt of the County Planning Commission's -
,favorable dec151on.

f. The appllcable regulatlons are Rule
6 of the Planning Commission's Rules Relating
to Administrative Procedure, and Part IX of o
- the Rules of Practice and Procedure and District
Regulations of the State Land Use Commission.
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The advantage of a speczal use permlt is that it
" can be obtalned slmply and quickly. ‘The disadvantage would
be that the permit would be applicable only for the specific
use petitioned for, i.e;,faniethanol“plant, a cattletfeed‘
mill, or a papaya precessing“plant. 1f atyanﬁ time in the
future a new 1ndustry were to replace one of the’ orlglnal
'1ndustr1es, or if a new 1ndustry were to be added to the
original lndustrles, the new 1ndustry would have to qualify
independently for a special use permitf

The other_possible course bf action would"be to
petition for a State Land Use District Boundary Amendment
from agr1cultural to urban. The procedure for petltaonlng
for a district boundary amendment is set forth in the State
Land Use Commission's Rules of Practlce and Procedure, Part
VI. The next;step_would be to amend the County of Hawaii
General Plan so as t6=provide for industrial uses at the
prdposed site for the agricultural park. A general plan
amendment would not be necessary 1f the proposed site is
located in a zone deslgnated in the general plan as ;;
"alternate urban expansion." The next step would be to
petition the County for rezoning of‘the parcelfinvolved.
Finally,,ifrthe land is}to be sﬁbdividedﬁinto separate
parcels for the various industries, it would be necessary

to petition for subdivision approval.
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(C) - County Zoning Code.

It is assumed that the site for theiproposed
agricultural park falls within'anragriCultural district
‘for County zoning purposes. The Hawall County Zonlng Code,
Article 7, Section 3, Paragraph B prov1des that among the
*permltted uses 1n an’ agr1cu1tura1 dlstrlct are°" ‘

"All forms of agrlculture, -the. growing
and gatherlng of crops, fruits, vegetables,
flowers, trees, and other plants; the raising
and keeplng of animals and fowls except as
listed in Item 9; the physical processing,
storage and sale of the products produced
on the premises." 5
Paragraph N prOV1des that among the permltted uses
in the agricultural district are: ' B
"Processing, storage, packlng, and sale.
of products produced on the premises prov1ded
the site or building used for such.activity
"shall be at least one hundred (100) feet from
,any property llne.", N T 3 RS
It appears that under both of the relevant para;‘
graphs quoted above, processing is limited to products pro-
duced on the premises. Since the products to be processed
in the agr1cu1tura1 park presumably will not be produced on
the premlses, it appears that the agricultural park will not
be permitted under the agricultural zoning. Rezoning to

industrial designation will thus be necessary.
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(D) Environmental Impact Statement.

Section 343 of the Hawaii Revieed Statutes provides
in pertlnent part that an "env1ronmental assessment“ shall
be requlred for anx/actlon whlch ‘proposes any amendments to
exzst;ng county - general plans where such amendment would.
result in designations other than agriculture, conservatiom,
or preservation. Thus, if:it is necessary to‘amend the
General Plan, an env1ronmental assessment would be filed.

The approprlate agency would then determine whether or not
an Environmental Impact Statement is required.

(E) Building Permit.

Before commenc1ng any construction, the developer
would have to cbtain an ordlnary building permit. If the
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. The applicable
requlations would be the Building code of the County of

Hawaii.
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1Act 11 passed in 1963 was an updated ver51on of

Act 255 passed . by the Legislature of the Territory
of Hawaii in 1957. As Act 255 was enacted prior.

to statehood and contained some prov1s1ons -which
were related to the Organic Act, it could not become :
effective until ratified by the Congress of the United -
States of America.' As Congress never ratlfled Act 255, .
the .Hawaii State Legislature passed Act 11 in 1963 :
after Hawa11 had become a state. SR
2"'M:Lnerals' means any or .all of the oil, gas, coal,
phosphate,’ sodium, - sulphur, iron, titanium, gold,
silver, bauxite, bauxitic clay, diaspore, boehmite, .
laterite, gibbsite, alumina, all ores of aluminum
and, without limitation thereon, all other mineral -
substances and ore.deposits whether solid, gaseous, -
or liquid, including all ‘geothermal resources, in, -
on, or under any land, fast or submerged; but does
not include sand, rock, gravel “and other materials
suitable for use and used in general constructlon."
HRS sectlon 182-1(1) : T .

3HRS Section’ 182-1(9) prov1des as follows.,

4

"Geothermal resources" means the natural heat of the
earth, the energy, in whatever form, below the surface
of the earth present in, resulting from, or created by,

-.or which may be extracted from, such natural heat, and

all minerals in solution or -other products obtained
from naturally heated fluids, brines, associated gases
and steam, in whatever form, found below the surface of
the earth, but excluding oil, hydrocarbon gas or other
hydrocarbon substance."

This definition of geothermal resources is patterned

after the deflnltlon adopted by the Callfornla Leglslature.

Kanmins, Ownershlp of Geothermal Resources in. Hawa11,~
1 Unlv. of Haw. L. R. 69, 70 (1979) - . -

*Ibid., at 70, 71, footnote 12.

6Laws of Hawa11 1849, Part I Chapter VII Artzcle II,
Sectaon VI, Pages 100 101. prov1des. A : _
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"Section VI. The form of all royal fee simple patents
shall be as follows: ‘

"KAMEHAMEHA=--,by the grace of God, King of the .
Hawaiian Islands, by this his royal patent, makes known
unto all men, that he has for himself and his successors
in office, this day granted and given, absolutely, in
fee simpleunto _____~ -~ - , his faithful and loyally
disposed subject, for the consideration of R
dollars, paid into the royal exchequer, all that certain.
piece of land, situated at _ __, in the Island
of __+ and described (by actual survey or by .
natural boundaries as the case may be) as follows:

containing ’ acres, more;or‘less; excepting and
reserving to the Hawaiian government, all mineral or ~
‘metallic mines, of every description. ' ‘

To have and to hold the above granted land in fee.
simple, unto the said 5 , his heirs, and assigns
forever, subject to the taxes to be from time to time
imposed by the legislative council equally, upon all
landed property held in fee simple.

In witness whereof I have hereunto'sét'my hand,
and caused the great seal of the Hawaiian Islands to

be affixed, at Honolulu, this ' day of ’
18 .
(L.S.)
Attest,
Premier.‘
7

"An Act to Organize The Executive Departments of The
Hawaiian Islands" consisted of approximately 225 pages
of statutes, include the form of the royal fee simple
patent quoted in. footnote 10 above, which required the
resexrvation to the Hawaiian government of all mineral
or metallic mines. Thus, it appears that although .
there was no specific intention to repeal the require-
ment that government grants of land reserve mineral
rights, such requirement was repealed along with the
repeal of numerous other statutes for which the Civil
Code was substituted in 1859.
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8The pertlnent part of Act 32 1s HRS Sectlon 171-58

'which prov1des 1n part:

"Minerals and water rights. Except as pro-
vided herein, the right to any mineral or surface
or ground water shall not be:included in any lease,
agreement, or sale, such right being reserved to
the State; provided, that the board of land and
natural resources may make provisions in such
lease, agreement, or sale, for the payment of just

~ compensation to the surface owner for improvement -

- taken as a condition precedent to the exercise by
the State of any reserved rights to enter, sever,
and remove minerals or to capture, divert, or im=-
pound water.

"Disposition of mineral rights shall be in
accordance with the laws relating thereto enacted
or hereafter enacted by the leglslature." ' ‘
, 9HHS Section 182-2 provides in full as follows:

"Mlneral rights reserved to the State. (a) All
minerals in, on or under state lands or lands which here-
after become state‘lands are reserved to the state; provided,
that the board of land and natural resources may release,
cancel, or waive the reservatlon whenever it deems the land
use,.other than minlng, is of greater benefit to the State
as provided for in Section 182-4. Such minerals are reserved
from sale or lease except as provided in this chapter. A
purchaser or lessee of any such lands ‘shall acqulre no
right, title, or interest in or to the minerals. ' The right
of the purchaser or lessee shall be subject to the reserva-
tion of all the minerals and to the conditions and limita-
tions prescrlbed by law providing for the state and persons
authorized by it to prospect for, mine, and remove the
minerals,; and to occupy and use so much of the surface of
the land as may be requlred for all purposes reasonably
- extending to the mining and removal of the mlnerals there-
from by any means whatsoever.v . : e

”"(b) Subject to subsection (a), all land patents,
leases, - -grants, or other conveyance of state lands shall
be subject to and contain a reservation to the State of
all the minerals, and shall also contain a reservation to
the State, and persons authorized by it, of the right to
prospect for, mine, and remove the minerals by deep mining,

"'B<39.




strip mining, drilling, and any other means whatsoever, and
to occupy and -use so much of the surface as may be required
therefor. [L 1963, ¢ 11, pt of §1; Supp, §99A-2]"

10Kam.'ms, sugra, at 71, footnote 17.

11Kam1ns, supra, at 71-72.

12J. Chlnen, The" Great Mahele, Unlvers1ty of Hawa11 Press,

1958 Page 8.

135 xonohiki was the'head’of_a'unit of ;and knowh as an

ahuguaa.-
14Ib1d page 20.

Ibld page 12.

Ibld. page 15.

17Ib1d, page 21.

18yist v. Kawelo, 11 Haw. 587 (1898).

lgBrunz v. Minister of Interior. 3 Haw. 783 (1877),

Hawaii v. Lllluokalanl, 14 Haw. 88 (1902).

20

In Re Land Title Roblnson, 49 Haw. 429, 421 P.24
570 (1966). :

2114. at 443, footnote 14, 421 P.2d 578, footnote 14.

22Kamins, supra, at 71=72.

The Attorney General memorandum uses the. terns "award"
and “grant" 1nterchangeably, and does not distinguish
between a Land Commission Award followed by a Royal
Patent on the one hand, and a direct grant of. govern-
ment land to an individual on the other.
24Memorandum from Eric Y. Marn, Deputy Attorney General,
to Christopher Cobb, Chairman of the Board of Land.and
Natural Resources, dated August 25, 1976. The memorandum
provides in pertinent part as follows:
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"Research was conducted on the questlon of whether
the State of Hawaii 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 King could not grant

away mineral rlghts when lands were given to private personms.

This restriction ‘was exp11c1tly stated in the law of 1856,
entitled, "An Act to Organlze 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 overszght. However, in the case
of In Re Land Title of Roblnson, 49 Haw. 429 (1966), our
court held that the change in the law was a repeal of the
mineral rights clause.

"Thus, it would appear that unless a reservatlon was
made in an award granted between 1859 and 1963, the mineral
rights would not be explicitly: reserved to the State.

"In conclusion, then, it would appear that any grant
conveyed between 1859 'and 1963, which did not contain a
mineral reservation to the State, transferred the mlneral
rlghts to the Grantee v B R B N P T

25

In Re Appllcation of Ashford, 50 Haw. 314, 440 P. Zd 76
(1968) f, , : :

251d at 345, 440 P. 2d at 94.v,

COuntz of Hawaii v. Sotomura, 55 Haw. 176 (1973), Lo
517-P.2d 57 (1973), cert. denled 419 U.s. 872 (1974)

281n Re Sanborn, §7 Haw. 585, 562 P. 2d 771 (1977).

29Mcsgzde Sugar Co. v. Robinson, 54 Haw. 174, 504 P.2d 1330

- (1973), hereinafter referred to as “McBryde I;" and McBryde

- sugar Co. Ltd. v. Roblnson, 55 Haw. 260, 517 P 24 26 (1973),
on rehearlng, hereinafter . referred to as “McBryde II R cert.

denled 417 U.S. 976 (1974) _ : ,

state of Hawa11 v. Zlmrlng, 58 Haw. 106 566 P 2d 725
(1977) , ‘ A e

3154 Haw. 174 at 187, 504 P. 2d at 1339.
32.

Id. at 186, 504 P.2d at 1338.
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Only Judge Marumoto dlssented in McBryde I. After
rehearing, both Judge Marumoto and Judge Levinson
dlssented in McBryde II. '

3455 Haw. at 270, 517 P.2d at 32.

Black's Law chtlonary 3rd Ed4. (1933), page 1790. '

A3611 Haw 717 (1899).

3714. at 725.

3855 maw. 176, 517 P.2d 57 (1973).
3914. at 183-184, 517 P.2d at 63.

40state of Hawaii v. Zimring, 58 Haw. 106 (1977).

41nlmols Central R. R. v. Illinois, 146 U.S. 387
11892).

421&., quoted in King v. Oahu Railway & Land CO.,
1T Baw. 717 at 723=724. .

43State of Hawaii v. Zimring, 58 Haw. 106, 1211(1977).

44Cannelora,‘ Lewis, "The Origin of Hawaii Land Titles

and of the Rights of Native Tenants" (1974), page 38.

45powsett v. Maukeala, 10 Haw. 166 (189S).

46

Section 5(f) of the Admission Act provides as follows:

"(£f) The lands granted to the State of Hawaii by sub-
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 or 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, for the betterment
of the conditions of native Hawaiians, as defined in the
Bawaiian Homes Commission Act, 1920, as amended, for the
development of farm and home ownership on as widespread a
basis as p0551b1e for the making of public improvements,
and for the provision of lands for public use. Such lands,

e
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proceeds, and 1ncome shall be managed and dlsposed of for
one or more.of -the foregoing purposes in such manner. as

the constltutlon and laws of said State may provide, and
their use for any other object shall constitute a breach

- of trust for which suit may be brought by the United sStates.
.The schools and other educational institutions supported,

in whole or in part, out of such public trust shall forever
remain under the exclu51ve control of said State; and no
part of the proceeds or income from the lands granted under
this Act shall be used for the support of any sectarlan or
denominational school, college, or universit:

47
48

USCA Section 511 (30 Stat. 750).
USCA Section 511.
49Public Law 86=3, Section 5(b) provides as follows:

_"Except as provided in subsection (c) and (d) of this
section, the United States grants to the State of Hawaii,
effective upon its admission into the Union, the United
States' title to all the publlc lands and other public
property w1th1n the boundaries of the State of Hawall, title
to which is held by the United States immediately prior to
its admission into the Union. The grant hereby made shall
be in lieu of any and all grants provided for new States by
provisions of law other than this Act, and such grants shall
not extend to the State of Hawaii" U. S. Code Congre551onal
and Administrative News, 86th Congress, lst Session 1959,
page 6.

Publlc law 86=~3 Section S(g) provides as follows:

"As used in this Act, the term "lands and other prop-

. erties" includes public lands and other public property, and
the term "public lands and other publlc property" means, and
is limited to, the land and properties that were ceded to
the United States by the .Republic of Hawaii under the joint
resolution of annexation approved July 7, 1898 (30 Stat.
750), or that have been acquired in exchange for lands or
propertaes so ceded." Id. at 7.

50See for example the argument in Levinson's dissent in
McBryde II that the majority's decision constituted an
unconstitutional deprivation of property without just
compensation. 55 Haw. 260, 298-303. See also the same
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gument in the dissent to Zimring in regard to the
State'’s acqu:.s:.t:.on of lava extensions. Zimring,
supra, at 56-57. See. also Robinson v. Ariyoshi,

- supra. -
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APPENDIX C -

GEOTHERMAL ENERGY IN PAHOA, HAWAII

SOCIAL IMPACT A§SESSMENT
. Penelope Canan, Ph.D. -

Background and Rationale .

The State of Hawaii stands to make a relatzvely sw1ft tran51t10n from

near-total dependence on 1mported petroleum for 1ts electrzcxty needs

to local, renewable sources of power geueratxon; One of the options is
geothermal energy whzch has been found to exzst in the Pune Dietrict of
the Big Island. The nature of the reservoir is;uncertaln ae is the
proper mode to deuelop:End:utilize it. | o |

Uncertaxnty is an uncomfortable state ‘of affaxrs.‘ Attempts to

'ratzonally plan reflect the des1re to reduce the uncertazn nature of

the future.

The ener§§‘crisietpresenté'h‘vetitetleicrossro;de.thetfmeans'tremendous
sociel_change} ‘chAnge“itséif”éan oe:treumetic.yydsgpeople alter what
has become a "natural® technological mode;(petterns:of soclal‘lifewuill
definitely be dramatically cﬂenged; A | T |
Lifestyle changes‘¢a§‘o£“ﬁi§ notXbefeeeociatedﬁuitnyennencing :ﬂé )
qualzty of 11v1ng cond1t10ns. | i 7 o -

Hawazz s current populat;on and economic cond1tlons are such that'con-
centrations are not located close to known geothermal reservoxrslr |
Sipply and demand are physically distamt. R

Uszng existxng corporate/government costlng perspect1vea, acceptable

profit margins for geothermal development exist at the 50 MW p01nt.
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8.

9.

10.

This amount of power cannot be used at the location of the reservoir

under present conditions, nor can the Big Island use this amount given

present conditions. ' - \-{

Given current corporate/governmee: cesting perspectives as well as

geographic conditions, population distributions and patterns of econo=-

mic activity, there are presently four geothermal development scenarios

under consxderatzon.

a. Pcwet export to ether 1slands, especially Oahu,’deszgned to enhance
the State s abllzty to maxntazn present energy uses.

b. Importatlon of energy 1ntenszve 1ndus:r1es to a predomznantly
rural commun;ty.

c. Ethanol production coupled with power expor;etion and several
cascading direct applicatioms. |

d. Power‘eepcrtation to other placeg_on the Island of Hawaii where
energy intensive industries could locate.

Geothermal development with or withoet an industrial park means the

iﬁtroduction of~major technological change into the District, specifi-

cally in the Pghoa community.

Just as technological and economic factors have been studied very care=-

fully to determine the feasibility of developing known geothermal

reservoirs, environmental ramifications must be considered. To do

otherwise is to "externalize" true costs thus rendering rational planning

impossible.
Human concerns are vital elements of the environment and must not be
minimized or externalized in the comparison of costs and benefits of

geothermal development.
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13.
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Geothermal deyelgpmep;ts negative -impacts. on the physical environment
(noise, odor, irreversible conversion of agricultural land.to

industrial usage, pipes, transmission lines, traffic increases) and on

'thewgpciél:énéirqpment (irreversible change of a relatively quiet -

turai/agricultural and retirement/tourist community) are experienced ‘
only loca}ly.

Changes on local lifestyles may be predicted. These are predicted
social consequences of development. Whether they are evaluated as

welcome or undesirable depends on the subjective perceptions of the -

people of the local community. These subjective evaluations are what

are known as social impacts.

The local community is not a single entity for all purposes. Rather,
it is an amalgamation of diverse interests, some of which would be

enhanced by prospects of geothermalldevelopment. Other interests,

- however, are threatened. In other words, local benefits and costs

vary. Nevertheless, the local lifestyle will be‘cﬁanged;’

For people to be able to render their‘SquebtiVe opinidhs of a proposed

- development, they must be given the opportunity to understand what it

* -will mean to them. Broadly targeted community education is absolutely

essential. At this time only the aboriginal Hawaiian community has
been involved in “self-education about ‘geothermal energy due to a grant

from the U.S. Depattﬁént“of”Enetéj/HdWa{i”Staté’Départménf”of Planning

and Economic Development. Others in the community are relatively unfa-

miliar with the options available. Some negativity stems from lack of

information.
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16.

17.

18.

19.

Many factions within the local community stand in the extremely uncom-—

. fortable position of feeling threatemed and lacking any méaningful

control over their own communmity. Their fears are hardly unwarranted:

~as far as they can tell externally sourced actioms (Federal, State, and

County policies as well as corporate decisioms) are aimed at develop-
ment regardless of their wishes.

Social considerations have been identified as "major barriers to
development."” The use ofAthe word "barriers" reveals that government
and private enterprise view local people's’coﬁéerns‘és sOméthing to

"get around.”

Concern for the social impacts of technoiogical'innovatioﬁé’aﬁ& develop~-
ment policies is fairly new. There is no tried-and?trué methodology.
The best available advice is to follow accepted techniqueé of social

science as closely as possible.

A major challenge to normal scientific rigor stems from the reflexive
nature of social impact assessment. That is to say that attempts to
discover in advance what social impacts will occur partly contaminates
the future impacts. This points to the opportunity for responding to
adverse conditions as thgy are detected. In other words, social impact
assessmenﬁ is an appropriate plamning tool that enhances smooth
dgvelopment. It is also a continuous enterprise entered into for

responsible development aimed at enhancing the quality of life.

Despite statements by government and industry representatives that

"social impacts are most troublesome, neither has assumed respomsibility



20.

2i.

for adequately assessiﬁg them. Indeed, failure to do so thus far has
already had negative impacts on some portions of the Pahoa community.
If traditionally ineffective public education avenues have once again
proven ineffective, innovative methods of community education and
involvement are called for. A true commitment to assessing social

impacts over time is absolutely essential.

The social impact assessment,Curfently funded by USDOE/HDPED appears
thoughtfully constructed. It is, however, designed for only one sector
of the Pshoa community. It represents an opportunity to determine the
ability of local people to become part of the planning process.
However, other people must become similarly involved. A working model
of fhe entire community in process must be developed to determine the
social impacts of developing geothermal emergy in the Puna District.

Social impact assessment is part of a comprehensive planning process.

It should be a»continuoﬁs enterprise throughout the deveiopment.




APPENDIX D
LABOR PROCUREMENT ISSUES AND GEOTHERMAL/ECONOMIC DEVELOPMENT
Mr. Eﬁerett Kinrey, Staff Researcher
Puna Hui Ohana -

Introduction

Providing an adequately skilled labor populatlon in Puoa to meet the
employment needs of potentzal commercxal/lndustrlal expanszons eppears to
be a ser1ous,‘on-gozng issue. A casual survey reveals most of the skzlled
labor ie‘employed out of the dxstrzct, in Hzlo, or have moved to Honolulu.
Remaining behiod;ere-onekilled‘workers at ;lightly‘over mimimom wage; on
anthuriom, sugar, orcﬁid,imecedemia'or’papaye”farms. Many such workers,
however; are ﬁnderemploYed either beceuse‘tﬁey refnse’to‘trarel or are
unable to find jooe”out'of'the district. The 1nab111ty or fallure of the
community to meet ant1c1pated labor needs p01nts to large-scale xmportatzon
of "outsiders" labor-relegatlng lower level (non-skllled) posxttons to |
locdl workers. o R L |

To avoid this social crisis, improrememtbplems eoould*be‘deslgmed wﬁicﬁ
alert the commnn1ty and provzde solutions for the problem. Of prxmary B
| 1mportance is an analys1s of avallable baseline skxlls and current
employment conditions of d1str1ct workers., Several queetxons addressed totll
the resolution process include; 1) is there a defxnable geothermal o
‘technology,‘Z) to what extent will the meeds of fdture*ioduetr§’bez
geothermally-oriented,'3):are cufreﬁe'mech451ca1; reeeeroﬁ 8£7¢1e£icai
- skills acquisition adeqdete‘ahd:‘A) if traimiﬁg.orogremoﬁare meeded, how
will these programs be implemented to fit special needs of the communitf;

Fortunately, the problem is essentlally medzumrterm (approxlmately

three to five years at a minimum) allowing for examlnatlon of pract1ca1




alternatives as, 1) designing broad-based skills training or retraining
programs based on the demographic analysie, 2) inviting prospective develo=-
pers to submit their employment needs which, hopefully, could be met
through the inventory or, 3) requiring all developers to allocate

apprentice~training slots to attract local workers.

Educatxon and Traln1qg

Subsequent dlscusazoas w1th Mr. Goto, Curr1cu1um Specialist, Hawaii
Cammunzty College, revealed a lack of currzculum planning leadxng to an

Assoczate Degree in geothermal techmology and furthermore, that curr1¢ulum

module development takes about two years or four full semesters to deﬁelop.i

Longer leng-tenge planning ls required at the University of Hawaii, 3ilo.
A high-in:ensitj education in any of the vocational sciences is needed to
meet a.reduced-time-framework. Concentration of a pre-engineering major
leading to petrolegm or geothermal geology, engineering or a geophysicist-
cheﬁist degfee needs to be implemepted at UHH. At ;his time, plumbing,
welding, cerpentry, metal-work, electric and equipment operator appear to
fill construction and blue collar operational needs.

Cénvereations with Mary Matayoshi of the College of Continuing
Education and Community Services indicated the CCECS system could adapt
readily to the community's educational needs, including specialized
training eoqrses. Planning and implementation could be completed within a
semester of actﬁal employment demand. Flexibility of CCEC's range of

~

instructional activity and staff mobility would also allow for instruction

at the communlty site, an 1mportan: consideration with regard to the rural . -

culture.r
Because of the CCECS reaction/adaption time, training courses may be

designed within the developer's time framework, that is, training could



begin during the developer s plannlng or constructlon stages, follow1ng an

- 1nventory of skllls announcement by the developer. Addltzonally, en

_prOSpectzve developer could also defzne specxflc requ1rements for indivi-

dual positions.

Planning Process

Discussions with the University are positive andfvery,encouraging,

possibly reaching the activation stage before the. end of the: year. I have

suggested that the process for planning 1nclude the followzng steps'

1.
2.

3.

4.

5.

6.

7.

8.

Establish time framework (3-5 years)

Complete baseline skllls 1nventory and;analysis;~4

. Design corrective/remedial,programming through:
~a. Developing basic skills ’

b. Expanding existing skills .

Basic skills program:

" a. Developing individual awvareness sk111s, career

counsellng S
1.” Personal awareness, att1tud1na1 development
2. Interactive ability, individual and group

Expanding current skills program:
a. ~Retraining - vocational improvement
b. Leadership, academic counseling

Learning new technical-skills
a. Career redevelopment
. 1. Psychological confirmation for change option
(i.e. permanency of geothermal energy and growth
= over‘time) - S '

Define over-all goals_“‘
a. Skills attainment | ,
b. Certification of skill. acquisition -

‘Process obJectxves

a. Determine and deslgn group learn1ng styles to meet an
- accelerated, effective and productive learning program.




Assumptions

Some simplistic theoretical assumptiomns, with reference to the local

conditions and local employﬁent needs as a foundation,Afor discussion and

goals implementation include:

1.

24

4.

Labor supply ability = geographic/hierarchical base.

(Local -~ District = County - State = Mainland)

This merely states that the ability to fill labor needs is
dependent on baseload inventories of avallable supply w1th1n

“the hzerarcz from local to state levels. -

Projective Labor market = nature'and‘scope of potential
industry needs.

. 8. Research = (abstract/scientific)

b. Exploratxon/drllllng - (geologzcal/mechanzcal)

c. Energy conversion - (mechanical)

d. Administrative, office - (clerical)

e. Industrial applications - (vocational)

This statement of projective labor market needs reflect labor
inventory needs of a potential industry with respect to type
of employment and area of skills knowledge.

Satisfaction of specific skills demands = base techmical

skills + increase level of education.

Tps Tps 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.

Estimated demand matrix:* (medium capacity industry)

Construction Operational  Maintenance
**Construction 500 | -—— . -7 _—
Operational — 50 -—
Maintenance — — 4



it

Note: 1. iabor demand in energy-conversion are minimal due to high
automative level.
2. A constrﬁétion bréjeét may require ayi;rge 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's
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-migratioms- whose social characteristics may be

largely contradictory to the contemporary social-cultural landscape. To

avoid community stress conflicts, this phenomena invites early in-depth

study and resolution.




R . APPENDIX E
ENVIRONMENTAL IMPACT 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, Univ 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 It is somewhat more then 50
square miles in extent, and consists largely of undissected
volcanic uplands, Kilauea to the north and Kalapana to the
.south Between these uplands,’extending eastward from the
T’Kilauea Caldera complex to Cape Kumukahi and the sea is the
Puna Cone and crater area marked by recent eruptions _mOSt .

notably that of 1955

With 8300 inhabitants, the Puna District contains somewhat‘
more than one-tenth ofbthe Island of Hawaii s population
Most (about 75%) of these residents live near their main

- source of 1ivelihood the Puna Sugar Company, in widely
spaced clusters of houses along the coast or in slowly
groW1ng subdiVis10ns. The remainder live in the only two
"towns'" in the district Kea auAand Pahoa each with little -

over 1000 p°Pulatlon' e
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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 sbundant vegetation, and more youthful upper
slopes-with open forests of Ohia, the Hawaiian endemic
Metrosideris. Rainfall is abundant - In eaStfPuna 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”e
basal lens of freshwater floating on denser salt water, but

the southern part of the district contains a narrow bend'of
dike-confined freshwater. . Salinities in excess of several
hundred ppm are found in some of district s wells at relatively
shallow depths. Except for moderate coliform counts in one

or two instances, ground waters show no chemical or microbio-

logical features of concerm.

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. Includedris en air mercurj level that
ranges around 1 g/m under virtually all conditions except
heavy rains and strong tradew1nds As in other volecanic
regions, soils tend to run high in mercury and occa51onally

yield unusual levels of arsenic and thallium. Vegetation

tends to reflect elevated envirommental levels of these elements.
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'”iﬁlgenefal’sbz andiﬁ;S fall below lowppb. Two geothermal electric
facilities are now under development One is the original
University of Hawaii experimental well HGP-A first flashed

in July, 1976. 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 hydrogeochemistry have been developed since 1975. _ Environ-
"mental geotoxicology, including air, water,,soils and K
vegetation and the impact of effluents have also been under

study since 1975 The site has been assessed for endangered

plants and birds and historic-archaeologic features

The second site, about 3 km SWLof'HGP-A‘ is\a:privatetunder-
taking on an area also subjected.to baseline environmental
assessment for air water, soil and vegetation chemistry,
endangered plants and birds and sites of cultural interest
The impact ‘of goethermal development at this site will be
,monitored if and when the drilling operation now underway is

successful.

Both current geothermal operations provide important back-"
'ground information that will- contribute significantly to the
-overall assessment at the Pahoa Industrial ‘Park. These will
replace site-specific and use-related assessments but will
simplify and expedite identification of potential - impacts“‘:

and general environmental needs .and issues.

A. Ethanol Plant Site and Environs for Air Monitoring

Hydrogen sulfide will be monitored 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 transmissionxcorridor and

at the ethanol plant within the industrial plant site General
Ambient levels will be checked by means of air spot samples
within the industrial park compound In addition, indicator
tags (Metronics type) will be deployed daily over 2-3 downwind
ares in a concentric array to a maximum distance of about 1
mile. Plant personnel will be monitored with S 1 indicator
tags issued and reclaimed daily Our objective is to meet

the following limits

MAC for 8 hours (Hawaii OSHS, Act 57, ,
1972 rev. 1977) - 10 ppm

Threshhold limit value (American
Conference of Govermment and Industrial
Hygeinists, 1972 10 ppm

Ambient Air (State of Calif. Ambient '0.03 ppm for
Air Quality Standard for 1 hour) 1 hour

Emission standards (EPA) 0.2-0.4 kg/MWH
- , (Geysers
Electrical)
A small mobile weather station providing temperature gra-
dients, barometric pressure for rain and wind data is being
considered as a means for more regular, although not‘
continuous monitoring of other potentially airbone major
toxicants including SO0y, S04 (HZSO4 aerosols), Hg, AsHj,
and boron. This will take the form of on-line sampling
(which will also serve as a water assessment procedure,)

and the analysis of effluents. It is assumed that the sulfur
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oxides and acids, if present, are products of HZS oxidation
after its release. Accordingly, the sulfur oxides will not

be included in in-line measurements, but rather in effluent
and ambient gas analyses. Within the ethanol facility
property lines, air samples will also be taken for the above

mentioned substances. This sampling program will initially

be effected twice weekly, and more or less frequently as
“findings thereafter warrant. No personnel or area exposure

. Precautions are projected unless the level of’802,~etc.”should
jsuggest 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 mayn
}experience even casual exposure Build-up of the other

relatively dense gaseous ‘emissions (eg. qu.or,HZS),would‘be
revealed by their own odors at pre-toxic levels, a distinec-

tion not shared by COZ‘

Speoial;provisions for plant damage.assessment,3oothvwith

"native‘and cultivated species will be discussed below.

‘.Ihe monitoring program will be based on'the'following‘limits{

S0, (Sulfur dioxide) .
"plert level” 24 hr. average | 0.3 ppm

T S B 5 ppm

for 8 hours




He (Mércu:Y)

Regulatory levels: »
National Industrial and Occupatlonal Safety
& Health Standards (NIOSH)

TLV (Hawaii OSHS):

MAC for 8 hrs.
Incinegator.facilities-emissions allowed

. Coal-fired plant emissions allowed

Recommended levels:

MAC for 8 hrs.

General ambient air

EPA ambient ‘air quality for
30 day average

€0, (Carbon dioxide)

MAC for 8 hrs..

SQQ (Sulfur dioxide and sulfuric acid aerosols)

TLV (Hawaii OSHS)

Maximum average (Hawaii OSHS)

Arsenic and Arsine

TLV (Hawaii OSHS)

Boron

50 ugm™3
for 8 hours

50 ugm -3
for 8 hours

1600 g24 hr-l
2300 g24 hr-l

5000 ppm

l,mgm'3,

for 8 hours
3vmgm‘3

for 5 minutes

0.05 ppm
for 8 hours

There are no standards for boron atmospheric toxicity as yet.
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B. Kilguea-East Rift Well Site

The~ambient=atmosphere-in‘the lower‘Puna district'is subject
to the influence of natural geothermal processes associated
with volcanic and fumerolic activities on the East Rift. This
natural influence accounts not only for the high baseline

air mercury levels of about 1 ugm -3 but also for the levels

of 5-10 ugm'3 observed during some periods of operation The
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
volcanicvgas~measurementsaat various fumerolic sites, calderas,
etc. on the Kilauea East Rift. Lacking this backup, information

based on local measurements alone, would have led to an

‘incorrect essentially negative assessment of the well and

of any other facilities 1ocated in the lower Puna district
Therefore, it is proposed to include a mobile or portable
aerometric facility capable of periodic air sample collections
(t minutes to 5 hours) and analysis of H,S, SOZ’ COZ’ and H .
These gases are chosen not only for toxicological reasons,

but also because these include sensitive indicators of changing

magmatic activity Such a unit could also respond to residents

freports of unusual conditions, i e. odors, etc

C. Ethanol Plant Site and Environs for Water Monitoring - -

It is proposed;thatwduring.theiinitial phases“offoperations,
samples_vof;_waters»should«b'e‘taken’for'th’e‘follovviﬁg:analirses:~

1. In-line megsurements for arsenic, mercury and boron.




2. At discharge point:

.a. Metals: Arsenic, antimony, beryllium cadmium, "/
' " copper lead mercury, nickel, thalllum zlnc

b, Non—metals meta1101ds | Selenium, fluorlde,l
boron.. .

Any elements consistently below analytical detectlon levels

can then be transferred to the "1nfrequent" llst, subJect to

:semi-annual or annual review

Holding pond: Analyses will be carried out for all above
lieted elements not transferred to the "infrequent" category.
'Pond sampling will. include top, middle and bottom depths

at the center and edge.

The Puna Aquifer: Springs, wells or other sources of ground
waters downstream from the Ethanol Facility will be located
and sampled monthlyrfcr all elements monitored in the holding

period.

D. Bioassazs

It is recognized that new factors or substances or combina-
tion of known factors or substances which are indiv1dually
harmless (e.g. synergists) can bring about subtle, long~term

environmental deteriorationm.

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 air and water sources of
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possible toxicants or toxicant combinations. It is proposed,
therefore, to establish two bioassay elements--ome for
- atmospheric pollution,‘and'the'Otherffor’vater contamination.

1. Air Pollution Indicators -‘Specific:plantsfhave

. been shown to:be of utility as air pollution indicators
Examples are pinto bean and head lettuce (Los Angeles County),
wrapper leaf tobacco varieties (Mid-Atlantic and New England
states) and tomatoes (New York City), all for photochemical
é surveys. Three lichens have been known for some time to

be sensitive. to 802 levelsrin the English industrial midlands.

Little is known about unique pollution symptomatoloéy among
native Hawaiian plants, however,‘it iS“quite‘clearfthat tip

and marginal discoloration and chlorosis are common signs of
physiological stress induced by air toxicants here as else-‘
where. Further, geothermal emissions such as mercury induce
defoliation and premature fruit drop i Therefore, woody .
perennials are proposed for use,‘either ornamental or fruit
bearing as indicators of general environmental quality

Any sign of pathology not ascribable to parasitic infection
will initiate in—depth analysis of the ambient and air effluents

2. Water Pollution Indicator - Specific cultivated

‘plants;willwbe maintainedvforrwater+qualityTgrowth‘tests
using~hydroponic/procedures;»’The‘water“sourcES‘nill be
compared among. ; ' RS
a. Standard complete nutrient CHoagland types)
,h. Geothermal,discharge waters. ' -
c. Geothermal dischargerwaters supplemented with

complete nutrient.. .
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Test plants are to be determined by growth experiments but
mayin?lude Chinese cabbage, tomato, cucumber and eggplant.
These will Be examined for pathology and growth recorded as
fresh aﬁdﬁd:y weights. If growth is consistently inferior
in weilwaﬁer.+ nutrients, one or more toxicants are indicated

and_qffbfts will be made to identify them.

3. Noise - Noise limitations to be used are speéified
in . U.S.G.S. Regulations. Routine ﬁoﬁitoring will be carried
out monthly at well site and ethanol plant.boundariesv
and at one-half mile distance from source. ‘Spééial éonéideration
will be given to traffic noise associated with potential
feedstogk.trucking operations. In addition, any change in
planﬁ operation or procedure will require an immediate noise

check.

4,  Bioenergy Tree Farms/Silviculture

Biofuel tree farms require site preparations}és
do processing and production facilities ;uch éé
sugar mills, fermentation plants etc. These;aré
subject to the same requirements for use-indepéndent
baseline and follow-up assessment tasks set férth
above.
Use-related features of such sites include applica-
tions of fertilizers, pesticides and phytohorﬁones
 not employed in that location previously. . Rates
of application of organic chemicals must be rélated
to biodegradability and dispersal into the ambient
soil enviromment via groundwater and, if -applied in

~

aerosol form, via the'atmosphere as well.

E-10



'Finallp, if exotic species, cultivars or varieties
of fuel plants are introduced their containment
% r must be assured until it is established that such
: forms cannot compete with or otherwise threaten
i R 1v;local species in the eco-system at large Such
confinement may require chemical and/or mechanical
cordoning of the cultivation area, if an inability
| | j‘ to propagate in the wild or naturalized state is

not or cannot be programmed genetically.

ETHANOL PLANT ASSESSMENT PRDGRAM

The organization of an assessment program for the Pahoa /
Industrial Park must include general tasks as well as those :
related to specifics of site and use ) o
| " Direct Environmental Baseline Requirements
\ “.Site-use Independent
- Site-use.Related. ;
: Birect Environmentalﬂlmpact‘FqlloWbup:,
Site;use‘lndependent; - o
Site-use Related.

véeneral'Site'Support_EnvironmentaliConcerns.

Independent of the projected‘specific~uses'intended'for the
; = },Eahoa,IndustrialpPark,‘or'of any renewable energy site,

there}are.Direct\EnvironmentaliBaselinesfto“be'established.

‘The fundamental use-independent baseline tasks include
| A general description of the vegetation and

physiographic ecology sufficient to provide for
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recognition of degredatlve changes This should
include transect and quadrat analyses as needed,
and photo documentation
‘i‘A tally of area (e.g. site plus 1 km ambienc)
endangered biota especlally plant, blrd and mamalian
species. '
" A survey of similar extent and scope for historic

or erchaeolbgicelly valuable structures and sites.

The geﬁeral purpose for the Pahoa site is development of
non-electric uses for a natural hydrogeothermal resource.
Specifically, it seeks to  apply geothermal direct heat in
the fe:mentation of glucose derived from celluloses and
lignocelluloses, and distillation.of.the ethanol produced.
Accordisgly, potential use-related impacts involve geothermal
working fluids and'fermeﬁtation effluents. For purposes
of the present envirommental assessment, W.A. Hirai &
Associates, Inc. will assess the appropriate health and
safety procedures relatingrto distillation wvapors.
Sampling and analysis of the site air, water, soil
and vegetation for geotoxicants related to
surfacing of hydrogeothermal working fiﬁids. Examples
of such toxicants are mercury, arsenic, sulfur
dioxide and hydrogen sulfide in air; mercury arsenic,
and possibly other hazardous metals or metalloids
in waters, surrdﬁnding soils and tissues of selected
indlcator plant specles ’Piaﬁts‘to be‘included in

the 1ndustr1al park area are represented by Metro-
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Vsideros (ohia), Pszdium (guava), the ferns Nephrol-
epis and Dicranopteris and a lichen Stereocaulon
Sampling locations will include salient upwind and
downwind directions relative to the locus or loci

" of emissions. 'EPA standards do not apply to soils

"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. - ‘ o
The alcohol production use-related tasks include: -
Mbnitoring the fermenter-distillery unit area for
alcohol ‘and alldeyde vapors and evaluation of the

"sensitivity of local nearby biota to such vola-
.tiles ‘This is deemed a low probability hazard,
but dense relatively consensible substances could
'exert a localized impact on that part of the eco-
system adjacent to the production unit _More

4:pressing is monitoring associated with disposition
of stillage Residues from the fermentation process

- have great:nutritibnal*and/br'soilrimprovement*'jfl

,potential 'Because these are biological in nature
(i e. yeast-based), they also tend to concentrate -
_heavy:metals and-other«toxicants: ‘Elements of

.,particular concernjare‘mercury, cadmium; arsenic,
lead and similarly. It will be necessary to estab-

~ lish for these and other ‘elements the levels pre-
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“sent in stillage from this,operatibn. If animal
feed standards are not met,.the composition can
be compared with local soils which are naturally
‘high in many of the'same eiements. Its final
disposition will depend upon these assessments of
impact on soil éhemiétfj. | |

The tgsks required for the Direct Environmental Impact
Follow-up are dictated by the baseline determinations dis-
cuséed above. The targets of assessment - plants, soils,
air etc. - need not be repeated here, however, the timing of

follow-up programs is important.

Site use independent follow-up tasks begin with
earliest phases 6f.site selection and préparation,
namely survey, clearing, and grading and related
activities. In the unligely event that an en-
dangered pléntrspééies is located at a proposed
site, the uniqueness of thﬁt site for'that species,
its distribution outside tﬁe site and its relo-

catability would all have to be evaluated.

Monitoring at 4 month intervals within Year One, at 6 month
intervﬁls through Year Three, and annually through Year
Five is recommended.

- S§ite-use related follow-up monitoring tasks for

~ geothermal will begin when drilling is completed.

~ The .schedule proposed for the use-independent

- tasks can be applied here. Exceptions are Hydrogen:
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sulfide and mercury in the air It is recommended
| that atmospheric sulfide be monitored continuously
from the completion of well drilling through all
| ztests and until an operating facility with needed |
~“abatement procedures is on-time and performance
falls within existing ambient (30ppb) and PSD

' emission (250 tons p/a at any facility) standards

B continuous monitoring is not feasible, it should

be scheduled immediately before, during and
’5fimmediate1y after flow tests and other operating |
iaprocedures and not less than 8 hrs/wk Air mercury
" should also be sampled in conjunction with any well
" tests on a "just prior";'"during"vand "just after"
”basis, and otherwise no less than monthly All
discharge waters should be analyzed for sulfide
and mercury duringutests as noted ab°vetfor-air;"
Sampling and,otherWise monthly;aatﬂleast for the

first year; duarterlypthereafterfthrough»year five‘

"General site support" are those operations located

- elsewhere contributing to the Pahoa Industrial Park

such as the facility for conversion of cellulosic

f_grmaterials to’glucose'and any. sites committed'to

'cultivation of- plants for biofuel—related uses.r P
These additional support sites ‘must also be. reviewed

for environmental impact.

The hydrolysis of vegetable matter to glucose will involve
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by-product methane, carbon dioxide and wastewater The

facility carrying out ‘the conver51ons 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. The
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
a baseline reference. If the discharge toxic metal content -
proves’negligible using feedstock.plants grown in mercuriferous
voleanic soils, mno fOLIGWbup program is needed.
STANDARDS AND AGENCY-RECOMMENDED VALUES
HoS Threshold Limit Value:
(American Conference of Government
and Industrial Hygeinists, 1972) 10 ppm for 8 hrs.
(Hawaii Occupational Safety and Health
Standards Act 57, 1972 Revised August :
1977) 10 ppm for 8 hrs.
Short-Term Limit Value:
(Pennsylvania Dept. of Health, 1965) 20 ppm for 20 min.
(Hawaii Occupational Safety and Health
Standards Act 57, 1972, Rev1sed
“August 1977) ’ : 20 ppm for 5 min.
S0, Threshold Limit Value:
(American Conference of Govermnmental - « - ;
and Industrial Hygeinists, 1972) 5 ppm for 8 hrs. .’
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‘(Federal Occupational Safety and Health

N Chemical Substances, 1976)

~ August 1977) -

(Hawaii Occupational Safety and Health
Standards Act 57, 1972, Revised
August 1977)

Short-Term Limit Value:

(Pennsylvania Dept. ef Health, 1965)

(Hawaii Occupational Safety and Health
Standards Act 57, 1973, Revised

. August 1977) -

Maximum allowable concentration for 8 hrs:

(Federal Occupational Safety and Health
Standards)

-5 ppm for 8 hrs.

20 ppm for 20 min.

20 ppm for 5 min.

10 ppm

Maximum allowable concentration for 5 minutes:

Standards)

:Alert level

_HQSOQIThreshoid Limit Value:

(Registry of the Toxic Effects of

(Hawaii Occupational Safety and Health

Standards Act 57 1972, Revised

Maximum average:

(Hawaii Occupational Safety and- Health
Standards Act 57 1972, Revised

- August 1977)

NO Threshold Limit Value

: (Hawaii Occupational Safety and Health /

Standards Act 57, 1972, Revised
August 1977)
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0.3 ppm
24 hr. average

e 3 mgm’3 for 8 hrs.

3 nzgt:i"3 for 5 min.

3 mg:ﬁ"3 for 5 min.

5 ppm for 8_hrs;’




Short-Term Limit Value:

‘(Hawaii Occupational Safety and Health
Standards Act 57, 1972, Revised
August 1977)

Short-Term Limit Value:

}(Hawaii Occuéational Safety and Health

Standards Act 57, 1972, Revised
August 1977)

Alert level

\

CO Threshold Limit 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)

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)

N

Hg (all forms except alkyl)
Threshold Limit Value:
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5A_:ppm'f6: 8 hrs.

25 ppa for 5 min.

0;15 ppm‘lr
24 hr. average

50 ppm for'8rhrs.
400 ppm for 15 min.

0.05 ppm for 8 hrs.

10 ugm‘3'forL8 hrs.

10 ugm‘3 for 8 hrs.




(Hawaii Occupational Safety and Health

Standards Act 57, 1972, Rev1sed
August 1977)

(National Industrial, Occupational,
Safety and Health Standard)

Ambient Air Quality:

(Environmental Protection Agency's
recommended 30 day average, Federal
Regulations, 1975)

Occupational: (Gertner and Huff,
J. Toxicology and Envirommental Health
2:491, 1977)

Ambient Air Quality: (Gertner and

Huff, J. Toxicology and Environmental

.Health 2: 491, 1977)

Emission:

(Environmental Protection Agency Regulations

50 ugm™3 for 8 hrs.

50 ugm“3 furv8 hrs.

1 ugm

10 ugm -3 maximum
allowable concen-
tration for 8 hrs.

1 ugm'3 maximum
allowable concen-

-+ tration for 8 hrs.

National Emission Standards 121:0461, 1976)

Incineratiphs;lwastewater; sludge

' Jgoalifueled_powe: plants

1600 gm. per day

'27Q0¥gm.,per day

Water - No data pertinent to re-injection have been found

Use is made of State of Hawaii Department of Health Class 2

Water Quality which includes agricultural uses.

pH: - »
(Hawail Environmental Laws and

~ Regulations Chapter 37A, 1972
revxsed 1974) v
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Total Phosporus:

(Hawaii Environmmental Laws and -
Regulations Chapter 37A 1972

revised 1974) not over 0.20 mg/l
Salinity: ' '
(Hawaii Environmental Laws and no stipulation for
Regulations Chapter 374, 1972, other than class
reviged 1974) AA water
Arsenic:

(Community Water Systems, EPA
Primary Drinking Water Regulations, )
‘ 40 CFR 141 June 1977) ' - 50 ppb

Meréﬁry:

(Community Water Systems, EPA
Primary Drinking Water Regulatioms,
40 CFR 141, June, 1977) 2 ppb

Discharge:

* (Federal Regulation 38,247, Dec. 1973)
Into fresh water 20 ppb*
Into saline water 100 ppb*

*Only if low tlow in water body is 10 times flow of waste stream.

Noiséi- It is anticipated that the noise level will begin to
approach the level of a '"quiet éuburban~residence“ of 48-52
dBAL or of a business office of 50-60 dBA after completion of the
well-head installation. 1In general, noise levels decrease

3 to 6 dBA with every doubling ofvdistance. 'The maximum sound

recorded at Geysers, Californmia Geothermal Site was a free
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venting well w1thout any mufflers at 8 meters andrvas
approximately 120 dBA, which equals the sound of a Jet air-;
plane at 100 feet. For these extreme conditions. occupational
safety would be urged and the wearing of protective deVLces
required. OSHA ‘currently allows 90 dBA for an eight hour

day and 115 dBA for 15 minutes without protection.:

1dBA means "A-weighted" sound level measured in decibels:

above a reference sound pressure of different frequencies

so that the response of the human 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. notfto}eaceeo‘65'dBAiat the
lease boundary or one-half mile from the source,
whichever is greater. =~ v - |

Item 6,3}is_discussedﬂunqer items 6.1.4/6.1.5.

E. Regulatioms

State of Hawaii: - T e
'Department of Planning and Economic Development Rev1sed
Environmental Impact- Statement® for the Hawaii Geothermal
-Research Station, Utilizing the HGP-A Well at Puna, - Island',~f
of Hawaii, 1978. |

Hawaii Occupational Safety and Health Standards, Act 57,
1972 revised 1977.
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Department of Health, Public Health Regulations, Chapter 42
Ambient Air Quallty Standards, 1971

Hawaii Env1ronmental Laws and Regulations, Chapter 37A, 1972
revised 1974, ' ,

State of Pennsylvania:
Pubiié Héalth Régﬁlacions.,‘Air Quality Standards, 1965.

National Industrial, Occupational Safety and Health Stand-
ards, 1972.

United States Environmental Protéction‘Ageﬁcy (EPA):
The Cleén‘Air‘Act (as amended August 1977).

The 1977 Clean Air Act: Prevention of Significant Air
Quality Deterioration. Part V. Federal Register 43 (118),
PP. 26380 26410, 1978.

Community Water Systems, EPA Primary Drinking Water Regula-
-tions, 40 CFR 141, 1971.

Discharge. Federal Regulations, 38, 247, 1973.

Background Information on National Emission Standards for
Hazardous:

Air Pollutants-Proposed Amendments to Standards for Asbestos:
and Mercury. 450/2-74-009A, October 1974.

National Emission Standards 121:0461, 1976.

Nagional Primary and Secondary Ambient Air Quallty Stand-
ards

Federal Register 36(84) Part II, 1971, pp. 8186-820l.

Pollution Control Guidance for Geothermal Enéfgj Developmeﬁt.
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EPA-600/7-78-101. June 1978.
United States Departﬁént of Energy: S

Geothermal Ehergy Research and'Devélopment, and Demonstra-
tion.

'Program. 2nd Annual Report (1978). DOEYET-0039/1, IGCC-3.

United Stateé Government Registry of the Toxic Effects of |
Clinical Substances, 1976.

American Conference of Governmental and Industrial Hygien-
ists (1972). - U S

The only means for identification of additional health .
hazard potentials are chemical and clinical. Compliance
with all mandated standards and regulations and continued
surveillance as set forth above eliminates from this
consideration materials hazards already identified. Any .
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 are installed or effectively with approval
contingent on control and safety measures as appropriate.

Any innovations,involving know or&éﬁspectedvteratogens,'
carcinogens etc., would be strictly prohibited without
full contaimment provisions. T '

The "unknoWn=aﬁdﬁunrespected" hazard .can only»beydealt?: v
with by a medical program for workers and close cooperation
with community medical and health specialists and agencies.

Occupational‘aﬂd‘commnnity standardsjregulations and moni-
toring activities relevant to safety have been set forth.

Note:

(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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¥2-3

ENVIRONMENTAL TOXICANT OUTPUT IN RELATION
TO SCALE-UP OF GEOTHERMAL ENERGY PRODUCTION

Energy Output Possible Hg. Emissi?n*
Megawatts Scale Factor Sources g. 24 hr~
3 . 1 (Kapoho) 1 1.09
- 25 8.33 (Kapoho) 1 9.13
200 66.6 (Kapoho) 1 72.6
- 500 166.6 (Kapoho) 1 181.6
- 1000 333.3 (Hawaii) 4 363
3000 - 1000 (State) - '10 1089

¥ 0,001 ppm wellhead maslmum at 100 kilo-1b. h{'l, steam Qual. 0.6.

*% 700 ppm wellhead maximum at 100 kilo-1b. hr~!, steam Qual. 0.6.
+ Current, using caustic soda and ruckpile sparger system.
+ PrOJected for completed generator facility at 16G9-A.

*%% Applies to the one deep well considered necessary to support the

ethanol development project.
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" AP?ENbe F

Financing Plans for Geothermal
. ' ‘ Development .

by Kenneth W. MbNerney
John H. Woods

.. Bank of Montreal (Califormia)
The First. Canadian Bank of California

‘The:folloging,general,termsiand;conditions are those which
anrinvestor‘and/or;developerimayiexpect’from a lending insti-
tution.

Borrower: = . To.be. announced

Loan Amount: Equal to the amount guaranteed by the
N " ‘United States Department of Energy ("DOE")
- under Title II of the Geothermal Energy
. Research, Development and Demonstration
. - . Act of 1974 as amended, (the "Act").
At your option we will offer a 50%
participation in any corresponding loan
~ to an .institutional investor that will be
S arragggo by Merrill Lynch Pierce, Fenner
. & Smit :

ose: To develop a geothermal energy resource
‘ - and to construct, own and operate an
integrated, direct use ethanol agri-

, cultural complex.ﬁ,f L

. Borrower's =

Equity: f'fy,,Project equity is to be obtained equal
o ‘" to a minimum of 25% of the estimated
project costs. Borrower's equity may
. be injected on a 3:1 basis as the DOE
7 ~ guaranteed loan 1is funded.
'Tern;;fffgf,flehe earlier of 1 year after completion

- of construction, or commencement of full
. operating revenues, with an additional
2 'year option term to allow the borrower
,rto arrange permanent financing.
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ReEazgent:

Long Term
Financing:

Prepayment:
Interest Rate:

Fees:

Seeuritzf

Interest only (capitalized) payable quarter-
ly in arrears until the earlier of (a) omne
year after completion of comstruction, or
(b) commencement of full operating revenues.
Then, during the option term, up to 23

equal monthly payments of prlnclpal
(calculated on a 25-year amortization basxs)
with accrued interests, with all reraining
principal and accrued interest due in the
24th month. .

Our Bank will use our best efforts to
assist in arranging long-term financing
with institutional investors (in connection
with Merrill Lynch). The Long Term
Financing can be arranged for a maximum

-of 30 years including the construction and

option period. We will agree. to service
the long-term financing for the institutioms.

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 estimated that
the rate will be fixed at approximately

50 Basis Points over comparable long

term Government Bonds.

Administrative fee of 1/4 of 17 of the
Loan Amount of which 1/3 will be payable
at the time we issue our firm loan
commitments.

All administrative fees will be refunded
except for $15,000 if the loan does not
close because DOE declines to issue its
guaranty. The balance of the administrative
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 feé will be re-negotiated
after construction is completed and on

each third anniversary date thereafter,

based on the amount of service work requzred

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 ¢dntracts and accounts
- receivable, feed stock contracts, inventory,

operating licenses, construction, and

.. management contracts. UCC Financing

Bank Account:

Conditions: -

Statements. - .

2) Security interest in maintenance reserve
account. (1% of full operating revenues,
buildup to 5% of original capital equipment
costs, to be used for maintenance and
repair of capital equipment and to be
replenished at the same 17 rate).

3) Security interest in debt service
reserve account (10% of principal and
interest payments, buildup to one year's
maximm annual debt service, to be used

to cover debt service during force majeure
and plant shut down events and to be
replenished at same 107 rate).

A special project loan‘account will be

opened with the Bank, however, there is
no minimum compensating balance required.

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 commitment may be cancelled at the
option of the Borrower or the Bank.

The Commitment will be subject to 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, building
permits, regulatory approvals, surveys,

ALTA title insurance, insurance certificates,
and consultant reports and contracts.
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- management plan, including consulting,
resource, management, operations, main- o
tenance and sales contracts. X

- partnership and individual partners
closing documents, 'including partnership
agreement, articles of incorporationm,
bylaws, good standing certificates,
certificates of incumbency, certified
resolutions, financial statements, and
‘opinions of counsel to Borrower, DOE

and Lende:. ‘
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