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MESSAGE FROM GOVERNOR 3OHN WAIHEE

Aquaculture is one of Hawaii's fastest growing new industries. In I985, the value
of commercial production and research and technology transfer activities reached $l2
million, and I986 promises substantial progress for the State's farmers, researchers,
scientists and consultants. Seaweeds, the subject of this report by Dr. 3ames M. Moss
and Dr. Maxwell S. Doty, have demonstrated the potential to become a leading
aquacultural crop.

The worldwide value of seaweeds now exceeds $2 billion annually. Most seaweeds
are used for human consumption, but a significant amount provides a source of extracted
chemicals which are found in such products as cosmetics and pharmaceuticals. In recent
years, the percentage of total seaweed production from aquaculture has rapidly
increased.

Hawaii currently has six seaweed farms, but no extraction plant. According to the
authors, there are excellent possibilities for expanding seaweed farming in the Islands
and processing that production locally, especially if low-cost geothermal energy can be
u ti I ized.

We welcome those persons wishing to establish a seaweed venture in Hawaii and
trust that Establishin a Seaweed Industr in Hawaii: An Initial Assessment will offer
important and highly useful guidance.
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The first version of this report was prepared by Mr.
Dames R. Moss, a highly su~ ful developer of seaweed
irx3ustr ies in the United States, and the ~ of the
California campers, AGRO-MAR, Inc. He completed a draft of
the report in 1983, concentrating on the relevant
marketing, processing, and f inancial matters, but he died
without completirg a final version. 'Ihe general nature of
the seaweeds and their production was to be completed as a
joint venture be~ Mr. Moss and Dr. Maxwell S. Doty,
University of Hawaii botanist. Dr. Doty is an internation-
ally recognized authority on seaweed culture. In spring,
1985, Doty, though unable to update most of Moss' s
materials, was able to edit the m~cript, add needed

formation, and so produce this volurre.
We call the reader's attention to the fact that Mr.

Moss ' s tables were compiled in 1983; although the
information in the tables is correct for that date, anyone
intendirg to make a more detailed investigation of the
possibilities of a seaweed industry in Hawaii should be
a~ that quoted prices, etc., have charged.

This publication is a result of funding by the
University of Hawaii Sea Grant College Program under
Institutional Grant No. NQAA NA85AA-D-SGO82 from NQAA
Office of Sea Grant, Departs of Commerce, and by the
State of Hawaii Aquaculture Development Program. Claire
Ball assisted with the editing. 'Ihe U.S. Goverrurerrt is
authorized to produce and distribute reprints for
governnmental p~~~ notwiths~disxy any ~ight
notations that may app~ hereon.



ESTABLISHING A SEC'%ED INI3USTRY IN HAWAII:

AN INITIAL ASSESSMENT

INTRODUCTION

Throughout recorded history, man has used seaweeds for focd and other
purposes. Starting in about 1900, substantial industries began to develop,
based on the use of seaweeds as sources of extracted chemicals. The worldwide

wholesale value of the foods and extractives now substantially exceeds
$2,000,000,000 annually. The current value of the seaweeds used in foods in
Japan, alone, falls just short of $3.,000,000,000, and the value is increasing
there and in other countries.
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Figure 1. Estimated World Production of Seaweed Extractives through 1990.
Source: James R. Moss in R. W. Krauss  Ed.!, '"Ihe Marine Biomass of the
Pacific Northwest Coast." Oregon State College Press. Corvallis, Oregon,
1978.



No significant seaweed extraction or farming industry has yet been
developed in Hawaii, thaugh the use of seaweed as a table vegetable in this
area dates fram the ancient Hawaiians. Hawaii appears to have the resources
for seaweed farming, and locating an extraction industry in Hawaii may be
economically feasible.

Unfortunately, budgetary constraints have limited this study to an
asses~t, rather than an in-depth feasibility evaluation. Nevertheless, an
ef fort was made to include suf f icient information to pravide an overall
understanding of the state's potential for this industry. 'Ihis report should
enable prospective investors to deternLne whether an inMepth feasibility study
would be justified. In this context, the authors at~ed to identify those
areas where the data are insufficient, and where further res~wrch may be needed
to round out a complete feasibility study.

Anyone considering the establi~t of a new seaweed venture in Hawaii
must know something about the industry ' s recent history. Such information
includes the size, grawth, and stability of markets, campetition, availability
of raw materials, costs, processing techniques, Food and Drug &ministration
requirements, etc. A prospective investor will also need to identi fy and
evaluate the advantages and disadvantages that may be encountered by a seaweed
industry located in Hawaii.

At the present time, Hawaii has six farms growing seaweed. A need
exists to assess whether seaweed farming in the sea around Hawaii or the nearby
island groups may be technically possible, economically feasible, and
politically acceptable. Ihe possibility of expandirg land-based seaweed
aquaculture must also be examined. And f inally, the economic advantage that
would accrue to the Hawaiian economy through seaweed faring and processing
should be considered.

Each of these areas is addressed broadly in the sections that follow.
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In June, 1985, the Department of Larxl a<xi Natural Reammms published
Al al Natural Pmducts ' Rel t'on to Hawaii's Seaweed ations by Drs.
Gertrudes Santos and Rmwell S. Doty. This historic state � funded study listed
1047 natural algal prcducts found in Hawaii and identified the Hawaiian
seav~da fram which they are obtained. ish ' weed Indus in
Hawaii: An Initial Asses t by Dr. Doty and Mr. James R. Moss follows up on
this study by assessing the economic feasibility of raising and posing the
mast commercially valuable sea~ species found in the State.

Hawaii possesses aLamdant rescue~ for the aquaculture of seaweeds.
Both warm � and coldwater species can be grown here, and technical excise is
available at the University of Hawaii and in the private sector. Seaweed
biotechnology is opening the door for organic production of a host af valuable
industrial chemicals and pharmaceuticals. Moreover, there is a tradition a f
usia the fresh product in ~ke and other Island dishes. Without doubt, Hawaii
leads the nation in per capita seaweed consumption.

There is, then, a solid foundation upon which to build an industry. How
that industry is to be developed will very much d~ an this study.

The authors set out to determine "whether seaweed fargoing in the sea
around Hawaii or the near' island @nips may be technically possible,
econamically feasible, and politically acceptable. "  page x! . What they
discovered leaves much roam for optimism. Naze.ly,

1! There are at least 2,500 hect.~ �,175 acres! of reef flat that cauld
be used for seaweed farrnirg.

2! There are indications that thousands of hectares of lava rock surfaces on
the western side of the Big Island could be utilized for growing seaweed.
The newly-established 547-acre Hawaii Ocean Science and ~alogy  HOST!
Park is a possible site for co~ial production.

3! The Micronesian Islands. and Line Islands could produce thousands of tons of
product that cauld be processed in Hawaii.

4! The availability of 1cw-cost geothermal enemy and aburxhnt fresh water at
Pahoa on the Big Island make this site ideal for a seaweed pm~sing plant.

5! Large-volume sales of seaweed extractives can be e:gecbR to continue for
many years. "Nowhere in the world is there an opportunity such as is found
in Hawaii for developing the econcmLic production of commercial sea~~ls for
drugs or other new uses."  page 71! .

'There are, however, ~dainties which must be resolved before an
industry can be developed. Suk~tial quantities of seaweed could be praduced
fram farming in Hawaii's ocean waters, yet despite react legislation that has
opermi up the possiility of leasing subtidal lands, the acquisition process for
a lease remains to be tested. Also, the feasibility of importing raw material



must be demonstrated.

Also needed is the continued devel' of Hawaii ' s geothermal
resource--the key to a successful seaweed m~action industry. Applied
research will be necessary to determine the most cost-ef fective ways to apply
geothermal energy to the proceming of algin, agar, and carrageenan.

lastly, Dr. Doty and Mr. Moss recommend attracting the attention of
ternational corporate processors to the cost advantages of siting seaweed

production and extraction in Hawaii. Establish a Seaweed Indust in
Hawaii: An Initial Assessment represents an important first step in stimulating
interest in this excitirg economic devel' opportunity.

SUSUMU GN'0, Chairperson
Board of land and

Natural Rea~am



S~E6 � A GENERAL VJEFVIEW

Recent te>Mooks an seaweed classxfxcatron and offence indicate that
several hundred species grow along the Pacif ic Ocr~'s shores. Camperatively
few are now ec~mically exploited. Table A lists the genera of major
international value that grow in the Pacific region.

Table A. Principal Seaweed Hydrocolloid Sources in the Pacific.

IAlCQ4&ZA

LEB82WK

MANTIS

GELIDIUM

GIGi&ZINik

GRACILARIA

IRIDAEA

ASCOHiYLTIJN

CHONDHUS

DURVILLEA

EUCHEUKK

Table B. Economic Sea~ in Hawaii

Percent of Total Seaweeds

of Econ 'c ValueSeaweeds Number
Species growing in Hawaii 43
Genera, but not the species,

growing in Hawaii 251
Families, but not the genera

or species, growing in Hawaii 90

64

23

Among the abave eleven genera, at least two dozen species are
involved. In the case of gelidium, some species are often treated as
Pterocladia species. Two nonscientif ic ~, "spinosum" and "cottonii, " are
used respectively for the iota and the ka~ carmgeenan-producing Eucheuma
species. In this report, the species are not otherwise distinguished.

Marine scientists, however, are f inding additional species which are
excellent candidates for sea farnu.ng. Many natural products of seaweeds have
potential applications of economic value. Rumples are those seaweeds that are
effective against virus'~~.

Santos and Doty �985. Hawaii Botanical Science Paper No. 42! provide a
list of 1047 natural seaweed products, giving referen~ to the literature and
naming the species of seaweed from which they are derived. Forty-three of
these species already grow in Hawaii. Another 251 are represented in Hawaii by
closely related species and genera  Table B! . A great many of the natural
products derived from seaweed are physiologically active in humans or have
other known values, often ~armaceutical. Even a cursory p~~sal of this list
will reveal many industrial seaweed products that are in demand and have the
potential to be farm-produced and pro~d within the state.



Lays find it convenient to classify seaweeds according to their
color � the "brawn," the "red," and the "green." Ihvmghout this report we will
frequently refer to these classifications. As the reader proc~uses, he will
notice that seaweeds of a given color possess ~in broad characteristics and
properties in common. For example, the various red and brawn seaweeds covered
in this assessment are the raw materials of the algal hydrocolloid industry and
are botanically classified and listed in Figurm 2, 3, and 4.
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Until ~mratively reagent times, the seaweed supply came frcen harvested
wild grcxrth. Ihe ecxxmnic feasibility of hav~irxy wild sea~~, in turn,
depenchd on the density of the grcxrth in the acean, the weather, ocean
curo~ts, waves, the availability of harve N:ers, etc. As we will show later,
there are obvious problem, in deperx/ing on wild sources. Co~aquently, within
the past 40 years, sea farming of useful species has developed, with
signif icant potential for Hawaii. 'Ihis potential will be considered in
subsa~ent sections of this report.

'The world's principal swam for wild seaweed ~ Largely along the
shores of the Pacific Clean. Large aoncentrations occ~ in Chile, Mexico, the
United States, the Philippines, Japan, China, Malaysia, and Indonesia. Other
prmlucing areas include Argentina, eastern Canada, western Europe, and several
Localities in Africa. Table C shcam the distribution of significant wild
seaweed harvesting areas by type of seaweed and use.

If a processirxy plant were ~lished in Hawaii, the surrounding ocean
areas wmQd be capable of ~lyirg a far greater volume of seaweed than the
minimum amount needed to make the operation prof itable. 'Ihe role of farming
and the opportunity for access to the raw materials for a seaweed extraction
industry sited in Hawaii are discussed in a later section.

Preliminary pilot farmirg has ~am~fully grown two seaweeds which are
in good demand for their hydrceelloid content. One of them, ~pneuma of the
cottonii variety, has been grease readily in Hawaii and in two nearby areas,
Christmas and PonaLm Islands. Bath Christmas and Ponape have direct shipping
contact with Hawaii. 'Ihis particular seaweed, cottonii, is the target of a
current industry~ide ef fort to m~arxi and ' stabilize the raw material
supplies. The ef fort includes erxw~agirxy farming in areas economically and
politically independent of the present scmces. Christmas Island, Ponape, and
Hawaii would meet those specifications.

Seaweed is priced and sold either dry or wet. For example, kelps may be
used wet or dry for extraction purposes. Qi~4~  ~no ' ! is generaLLy
processed wet immediately after harvesting. ~G~~y is processed from dried
material. The others are handled in various ways. Prevailing prices for wild
and f~ sour>~ of the sea~ traded in international canmmrce are shown
in Tables D and E.

Many seaway~ are amclxg the fastest~ing macrcmaopic organisms in the
world. 'Ihey obtain their mineral nutrienta fran ocean water and their energy
fram sunlight;. Ccmercial seaweed grows along the shores and on reefs from the
high-tide line to depths of a hundred feet or so. Seaweeds do not pc+sess an
absorptive root structure such as would play a role in mineral nutrition, but
they anchor themselves to the ocean floor by means of a holdfast attached to
any solid surface or, rarely, to objects on sand or mud bottoms. Very few
sea~ species will prcgegate and grow while free-floating. However,
saaassum, of the sarc@sao sea, and ~~~@~, the sour<~ of the best
sugar-reactive agar, have this capability.

Seaw~ds may be broadly classif ied according to uae. In the f irst
category, we include those that are har e~d and used directly for human or
animal consumption. %hase constitute the largest world market for sea~, a
market which a@pears to be developirxg rapidly, especially in the southwest
Fhcif ic and southe~ and east+~ Asia. This report provides only a brief
discussion of these; in Hawaii, hmmver, this market is significant.

In the second category, we place those seat ~ which are used as
sources of extracted natural products, anthem aagment of the seaweed industry
that has myerienced rapid grv~~ in recent years. %he extracts are largely



hydrocolloids.
The third category, other pm9ucts, " has signif icant potential,

particularly in the ammCic and pharmaceutical worlds.
'Ihe wholesale value of the hydrocolloids is estimated to be many

hundreds of millions of dollars per year. 'Ihe prospects for their processing
Hawaii are the primary target for this report.

Table C. Countries that Harvest Seaweeds

Red Seaweeds
For For For

a

Bxmm Seaweed

For For For

A~1 in Food Other

X

SOI JIB %'KPZCA:

Peru

Chile

Argentina
Brazil

X X X X X
X

X X
X

X

X X X X

X

X X

X X X
X X

AUS TRUE%.

NEW ZEiKP&3

NORTH 29'KFiICA:

Canadian Maritimes
New England
Cali fornia

Mexico

AFRICA:

South Africa

Tanzania

Angola
Morocco

EUROPE:

Spain
Franoe

England
Denmark

Norway
Iceland

ASIA

Philippines
Korea

Malaysia
China
Japan
Indonesia

Ta3.WBIl

X X
X X

X X

X X

X X X X X X XX X X X
X X X



Table D. Estimated Interrmtional Shipments of Dried Seaweed, 1981.

$ VAIUE
TO EXR!RT

COUNTRY

PRICE/TON
FOR EXPORT

CUUI~GRY

K.XGHZING

CGUGRY
DRY TONS

Norway
Iceland

3,000
3,000

200

200
600,000
600,000

C&PAGEEl4QT

Chondrus nisi~ Ireland

Canada
500

5, 500
600

750
300,000

4,125,000

Oth&t ~Gi BTt1IlR

Philippines 14,000
Malaysia 3,300
Indonesia 3,000
Misc. 300

E. spinosum Philippines
Malaysia
Indonesia

2, 200
1,000
3,000

450

450

450

990,000
450,000

1,350,000

AGAR

Gelidium 400
400

1,000
1,000

600,000
600,000

Gracilaria

K'.TRACTIVE

AIGIN

Kelps Mexico
Australia
Chile
Argentine
So. Africa
Ireland

Misc.

Mexico

Morocco

Portugal
Korea

Chile

Argentina
Brazil

Chile

Taiwan

Misc.

4, 000
2I 000
6,500

500

2,500
7,000
3, 000

400
200

300

300

800

3,600

1, 200
500

4,000
8,000
1,000

200

225

225

240

225

225

225

600
500

750

600

600

550

325
325

325

325

750

750

750

600

700

800,000
450�00

1,462,500
120,000
562,500

1,575,000
675,000

240, 000
100,000
225,000
180,000
540,000

1,980,000

4,550,000
1,072,500

975,000
97,500

900,000
375,000

3,000,000
4I800,000

700,000



Table D.  continued. !

DRY TONS IMFGRTED
MISC

HUMAN R

EXPORT& A1G1%8
O:GNTRY ENGLAND FRANCE DENKKK JAPAN SPAIN U. S. FOOD

AIGIN

Kelps 4, 000
1I 000
2,0002,000

1,000

1,000
1,500
1I500

Ci~@GEENM

Chondr
~CX'l. IUS Ireland

Canada

200 300
1,5004,000

200

600

E. cottonii Philippines
Malaysia
Indonesia

Misc.

Philippines
Malaysia
Indonesia

E. spinosum 500 1,000
500 300

500 400 500

200 500

200

600 1,000

Other

AGAR

Gelidiurn

400

200

400
200

Gracilaria

Mexico
Australia
Chile
Argentina
So. Africa

Ireland

Misc.

Norway
Iceland

Peru

Morocco

Portugal
Korea

Chile

Argentina
~azil

Chile

Taiwan

Misc.

1,000
2,500

500

1,500
7,000
2,000
1, 500
1,500

200

100

200 100

700 100

500 2,500

2i 500 4~000 2 500 li000 4~000
1,000 1,000 800 500
1 i 000 1 ~ 000 1 000

300

800 400

500

3,200 800
8I000

500 500



Table E. Japanese Seaweed Harvest and Consumption in Foods and Industxy.

1971 1981
'IONS VAIIJE

Metric U.S. 000

TONS VAIIJE

Metric U.S. 000

LMMCEZA JAPONICA

13,993
91 272

45,574
76 360

121,934 27,945 104,265 55,000

POPZVPQ% SPECIES:

GELIDIUM AMANSII

31, 356 24,40055,406 15,760

532,616 485,906 642 I 297 739 ~ 528

*Estimated

~ � wild

� cultured

TOTAL

UI'KSBIih

Wakama � wild
� cultured

TOTAL

CCRER S~EB

Misc. � wild

GRi>Ã3 TOTAL-

ALL PRODUCTION

110,780
718

111,498

231, 464

12, 314

45,589
293»

45,589*

324, 030

9,851

112,178
45 000*

157,178*

340,510

8,988

106,000
42 500*

148,500*

541, 000

6,528
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PROIKCTION AND SALES OF EDIBLE SEE'KEDS OF IHE PACIFIC

Princi 1 Narkets

'Ihe principal markets for seaweeds used directly in foods are found in a
zone along the western Pacif ic that includes Japan, Korea, Wina, the
Philippines, Nalaysia, and Indonesia. Obviously, the establi~t of the
first markets was based on wild sc~am. When market demand grew beyond the
capabilities of the wild sources, major e f forts were made to irKxease
production by sea farmirg. Today, seavee9s sold for foods are still derived
from bath wild and farmed source.

Although seaweed is used as food in Europe, the total for that area is
insignificant when cambered with the volumes used in Japan and Qiana. However,
there is a growing avereness in Europe and America of the nutritional values of
seaweeds. When used as nutritional supplements, they can provide a broad
profile of essential vitamins, proteins, and expecially trace elements. Tables
F, G, and H shaw FDA definition, nutritional values, and camposition for this
type of product.

Table F. FDA Definition and Appraval of Kelp Pawder for Use
in Foods. Source: Food Chemicals Codex

KELP ' DESCRIPI'ION

The dehydrated seaweed obtained fram the class Phaeophyceae {brawn

epeciee! and Laainatia  including L. diciitata, L. clouetoni, and L.
saccharina! . The seaweed may be chopped to provide coarse particles
and/or it may be growl to provide a fine powder. It is dark ~ to
olive brawn in color and has a ~cteristic salty taste.

KELP: SPECIFICATIONS

Ash {total!: Not more than 35 percent.
Iodine content: Be~ 0.1 percent and 0.5 percent.
Loss on drying: Not more than 13 I:percent.
Limits of Impurities:

Ar~ic  as As, inorganic! . Not more than 3 parts per million
{0. 0003 percent! .

Heavy metals {as Pb! . Not more than 40 parts per million
{0. 004 percent! .

Iead. Not more than 10 parts per million.
{0.001 percent! .



Table G. Basic Nutrients in Seaveeds.

Selenium
Chromium

Nickel
Tin

Vanadium

Silicon

Calcium

Iron

Iodine

Phosphorus
Potassium
Sodium

Chlorine

Magnesium
NBTKJanese
Copper
Zinc

Cobalt

Molybclenum
Fluorine

summarized from Los Angeles Times, March 16, 1978.

Preliminary data of June 15, 1982

TYPICAL NUTRITIONAL ANALYSIS

Protein

Fat

Carbohydrates
Fiber
Ash

Moisture

8.0

0.5

32.0
6.0

36.0

12.0

10. 0

1.0
� 35.0

8.0
- 38.0

14.0

TYPICAL MII~AL CONTENT

Pzs&A j.c less than 3 PFK

Lead less than 10 PER

Total Heavy Metals less than 40 PER

0.40

1.60

0.34
0.04

0.002

0.90
0.003

3.50

15.00

1. 60

0. 50

Iodine

Calcium
Phosphorus
Iron

Manganese
Magnesium
Z inc

Sodium

potassium
Sulfur

Silicon

Present In Trace

Alurninium

Barium
Boron

Chrorrulum

Lithium

Nickel

Silver

Strorrtium
Titanium

Vanadium

0.20

l. 00
0.28

0.03

0.001

0.70
0.002

3.00

11.00

1.00

0.30
Pznounts
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H
Preliminary data of June 15, 1982.

TYPICAL H~n3 ACID CONTBG'

This powdered kelp is prepared frcnn the large brown kelps that grow in
the Pacific Ceean. It is light brown to yellow brown and has a slight salty
and seaweed flavor.

As will be indicated later, there is good reason to believe that the
markets in North America and Europe will continue to develop. However, it is
too early to estimate future volume.

Table E shaws that the wholesale value of seaweeds eaten by the Japanese
will normally fall be~ $700,000,000 and $900,000,000 annually. The
additional consumption in China and other countries in that area easily pushes
the total value over $1,200,000,000 per year. Table E shawm that the major
seawe~ contributing to this volume in Japan are ~nin~ia -~arnica and the
M~h~~ species. In China the major seaweed corm.ad is also ~maria
~a>nica while in the Philippines and Indonesia it is Eucheurna.

Poz~h'~~, Larninaria ~arnica, ard the other seaweeds listed in Table E
must be processed for wholesale distribution and use by other processors or
consumers. Pre+essed seaweed is made available in thin sheets, flakes,
powders, or tablets. 'Ihis processing is usually dane by the "processor/broker"
to wham the farnner sells his product. Table E indicates the price and value
which the farmer receives for his bulk product. However, once the seaweed
passes this point, specific prices bee@re blurred.

The use of seaweed for food increased steadily to its peak just before
the remsion of 1981-83. As this recession period naw appears to be phasing
out, it is anticipated gra~ will resurre.

It is obvious that the western Pacif ic countries constitute a
substantial market for process' edible seaweechs. Areas or countries having
good oc an environments and other natural ger~ advantages may be able to
establish a substantial farmed edible seaweed industry exportirg to these

Leucine

Isoleucine

Methionine

Cystine
Lysine
Phenylalanine
Histidine
~1Ile
Valine
~gxtop?lan
Tt1DBQnine

P~~ic Acid
Serine
Glutamic Acid
Proline

Arginine
Glycine
Alanine

6.0

3.5

1.0

0.4

4.4

4.0

1.5

1.0

5.0
0.2

4.0

10.5

3.5

17.0
3.5

3.6

6.0
12.0

7.0

4.0

1.2

0.5

5.0

4.5

2.0

1.5

6.0
0.3

4.2

12.0
4.0

20.0

3.8

3.9
6.2

13.5
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markets. This possibility is evaluated with reference to Hawaii in various
sections that follaw.

Wild Seaweeds

Originally, seaweed utilization in foods was tied to the availability of
wild seaweeds and the capability of shore papQations to harvest and transport
them. Cammercial harvesting of wild seaweeds has becarre a major source of
income f or some f ishermen and other people who Live near the ocean. Such
sources are variable, influenced by political and econamic conditions and by
wirds, currents, temperatures, water quality, etc. 'There f ore, ef f orts are
being made to develop stability for the farmer and the processors. For the
processors, this me ns future developments in politically and economically
stable areas, where there would be same control aver continuity of supplies,
quality, and quantity. A discussion of farmir@ in these respects appears in
the next section of this report.

Substantial quantities of wild sea~ are still used for food in
western Pacific countries such as Japan, Korea, China, etc. As seen in Table
E, the Japanese Department of Marine Statistics tries to separate the sources
of seaweeds in their annual reports on marine harvests. Hawever, the
reliability of ~ figures is questionable.

Costs for harvesting wild seaweeds vary accordirxy to density of grawth,
rate of gr~W, nature of the species, post-harvest treatment, labor costs, and
other factors. Payment to the individual harvester is generally not abave 75%
of the price FOB port. The remainirg 25% goes to the middlemen who assemble
the crops, warehcuse them, give them one treatment or another, and export
them. Farmed sovv~ are developing where labor and markets are available, and
these appe-e' to be displacirg wild seaweed sour'~ in all cases where both
smm~m are available.

'There is little or no difference in the qualities of wild and farmed
sea~~Is, provided equal care is given to their harvesting, processing, and
delivery ta the market. Seaweeds of equal quality will oommand an equal
price. Generally in this report the statistics quoted pertaining to prices and
properties cover bath wild and farmed seaweed. Although wild seaweed may be
equal to farmed seaweed, customs are increasingly attracted to the
farm-raised products due to their availability, quality  due to greater care!,
and stable prices.

About ten species of seaweeds are found in the fish and fresh vegetable

G. bursa storis, are the principal seaweeds sold. Until recently, the market
of ferirxys were all fram wild crops; but seavwds produced by Hawaii ' s two
Gracilaria farms are naw appearing in the markets. 'Ihere are ragged statistics
on the "landings" of Gracilaria, but not of the other species. Interestingly,
Eucheuma, which has occurred in minor amounts, premrmably as a result of people
innocently spreadirxy it f ram experimental plantings, is appearing in the
markets. Its market ~ have changed fram "tan8mlang," the Philippine name
for the particular strain, to "giant ogo"  derived fram a Jap~~ name for a
~Grac'laria! to "big ogo."

Farmed Seaweeds

The technology and methods required for cost-effective seaweed farming



evolved gradually over the past 50 years, and accelerated pre@ress has been
achieved within the past. 20 years. Ocean farming of important species of
seaweeds is now a substantial and growing business. It is reasonable to ~pect
that within the next decade, cost-effective farming methods will ~e for
other seaweeds not now used in foods.

Japan made the f irst completely controlled ccxvmrcial farming
breakthrough about 25 to 30 years ago with the highly desirable red seaweed
Borphyra. Po~h~ farItung has increased almost steadily until the present and
is now being attempted in other parts of the world. The Japanese kelp,
Laminaria ja~inica, has been farmed in Japan since 1949, when details of its
life cycle were clarified. It is now also extensively farmed in Wina. The
technology for farming several Eucheuma species was developed about 1971,
initiating its current large � scale use in foods. The uses of these farmed
seaweeds are s~ized as follows:

~rp~hwa

The largest producer and consumer of ~rrihi~a is Japan, where the
seaweed is called nori. Table E shows the extent of the W~hwa industry in
Japan.

Data ap~ing in the Japanese statistical yearbooks  Fisheries and
Aquaculture Production! published by the Japanese Agriculture, Forestry, and
Fisheries ~istry, clearly shaw that annual sales of Pos~h'q~ have p~Mxd at
about 325,000 + 25,000 tons over the past 5 to 6 years. During this time, sea
farmers have consistently overproduced, forcing the surplus into lower-priced
livestock feed or fertilizer uses. Intense competition and reduced prices have
caused financial problems for many sea farmers.

Reports dif fer on current prices paid to the sea farmer for ~rphyra
processed into sheets of nori. Some reports fix this at $1,200 � $1,400 per wet
metric ton. Others state that most farmers obtained $1,600-$1,800 for the same
weight. Calculations based on Table E indicate that the $1,200-$1,400 price is
correct, but it is believed this must include the surplus sold at lower prices.

Under normal conditions the sea f armer makes about 20% prof it on
~rph~~a production. This margin is maintained if the sea farmer processes his
nori into sheets for sale to the retailer. Costs for Por~h~~m and nori are
invariably calculated on a per � sheet basis. Under normal economic conditions,
sea farmers sell their nori to wholesale food distributors for about 12 to 13
yen per sheet. From 1981 to 1983, the combination of over-production and
economic depression caused prices to decline. Durity this period some sea
farmers were forced to sell their nori at about 10 yen per sheet, which is
below production cost.

Other considerations aside, the continuing Japanese over-production of
Porph~a and the intensely ~titive market situation eliminate Japan as a
market f or Porch'~a grown in Hawaii. Additionally, in 1977 the Japanese
goverrment established import embargos on B~!oh~~a and other edible seaweeds.
Although Japan is a GATI' Treaty nation, we do not believe that the Japanese
government can be persuaded to revoke this embargo.

However, several modest but developing markets are available to Pariah'ga
producers. The most. interesting possibility is in the United States. In 1980
the Japanese exported about 1,400,000 lbs. of ~rph~m to the United States, of
which 190, 000 lbs. was consumed in Hawaii. U.S. import dealers believe that
most of the imported volume for 1980 and prior years was consumed by people of



Japanese ancestry. Since 1980, other ethnic grips in the United States have
begun to consume seaweed in various forms, especially ~i~h~a. An example is
the expanding popularity of sushi, in which ~>~h~a is used as a wrapper
are~3. the basic rice ~nent.

The 1,400,000 lbs. of ~nor' imported frcan Japan into the U.S. in 1980 was
priced at about $4. 00 per pamxl FOB Japan, with a total value of about
$5,600,000.

It is estimated that since 1980, imports have increased by 35 to 40%,
giving a current market value of $7,500,000 to $8,000,000. A check with
importers revealed that prices have remained steady since 1980.

~Po ~~ is also sea farmed in Korea. Apparently neither the Korean
goverrmnt nor any private organization maintains production or consumption
figures. It was verified that although prcduction was subetantial, it was far
less than Japan's. Although nest of its production is used internally, Korea
supplies about 30% of the U.S. consumption. The Korean price is about 50 cents
per pound lower than Japanese imports, but the quality is lower. Like the
Japanese, the Korean sea farmers have been overproducing during the past three
or four years.

Aptly the state of Washington has strongly supported the development
of ~Po R~m production in Puget Sound.

Summarizing the ~rrh~va market picture, it is concluded that if the
seaweed were grown in Hawaii, the United States would offer the best and only
reliable potential market. However, it is dif ficult to formulate an estimate
of future ~Po h~wa cce~mption in North America, particularly in the United
States. There is no question that the incv~~K usage of ~pm is tied to
the growing acceptance of Ja~~ese foods by American families. Current
consumption in the U.S. supports a substantial farming operation; at this point
there is no basis for estimating how much ~er the trend will progress. It
is not anticipated that the situation will change frcan year to year, so anyone
inter~9 in sea farming ~rrih~a in Hawaii should evaluate the U.S. market
before ~tting funds.

Laminaria j a~vnica

China has replaced Japan as the largest producer and calmer of this
seaweed. Dr. C. K. Therm[, head of the Institute of Oceanology, Qingdao, China,
stated at the Eleventh International Sea+cad Symposium that production for 1983
would be beWeen 300,000 arxl 325,000 metric tons, dry weight. Of this ~t,
about 40, 000 tons are used for algin production; approximately 250,000 to
260,000 tons are COnSmneU aS fOOd.

No specific data ~ the prices received by any of the Chinese sea
farms is available. Dr. T~g stated that costs to the proce:~mrs are usually
be~ $450 and $500 per metric ton. Further documentary proof was obtained
that China was willing to export industrial~de kelp in 1982 for $520 per ton
FOB Chinese port. Also two reports, which were juhyed to be reliable, indicate
that the Japanese are buying food~+& Chinese Qg~=,~ for $1,200 per ton.
Reliable information could not be obtained pertainirg to the retail price of
kelp to the Chinese consumer.

Table E indicates that approximately 150,000 tons of ~mina~ri ~arnica
are consumed annually in Japan. Of this weight, about 100,000 to llo,ooo tons
are reported as originating from wild seve~. As mentioned earlier, the
f igures shawm in Table E are questionable. Individuals familiar with the
Japanese kelp industry report that about 50% or more of the curomt



16

L. ~arnica supply originates from farmed scum~. These sta4~~mts were nat
verified. In any case, Table E clearly indicates that in~sing quantities of
L. ~arnica are beirxy pmduca9 on sea farms and that sea farzning is now well
established.

Oral reports have been received that the sea farmer normally receives
about $1,000 per ton for his ~migyria ~aci~ca. 'Ibis is supported by Table E,
from which one can calculate a per-ton price of $944.

Lan~aria ~acinica may be prepared in strips, flakes, or granules.
Costs could nat be obtained for retail product preparation, nor cauld retail
prices. Based on verbal communications with knowledgeable individuals, we
estimate that the product processors receive their costs plus abaut 154. The
ccehined percentage of the wholesale and retail distributors ~ts to be~
30% and 40% of the retail price.

Undaria

Table E shows that rmQDy 110, 000 tons of Undaria are consuznec1, of
which about 90,000 tons are farmed; the remainder is fram wild scum~. Table
E also indicates that the volume of ~~rig is declining while that of
Laminar ia ~arnica is holding stea9y, even durirx3 the russian years.
Japanese attending the Eleventh International Seaweed Symposium reported that
farmed L. ~arnica is replacing Undaria in volume. %his is partly because sea
farmers are unhappy with Qf~hria's law price of be~ $500 and $600 per ton.
Furthermore, conmmners seem to have a growing preface for Q. ~arnica. U.S.
irnporters who handle these products stated that they are not currently
importizxy any Undaria into the United States.

In view of its law price, declining market in Japan, and lack of an
established market in other countries, Und ~i-t is nat considered a candidate
for farming in Hawaii.

The aammrcial Eucheuma species occur naturally in the western Pacif ic
from the Milippines southward through Indonesia and eas~ into the adjacent
Pacific Islands area. Other backgrour% information is included under the sea
farming sections which follow.

Eucheuma sea far<ning began increasing about 15 years ago, especially
f~g of the carom~~=ial forms knmm as cattonii and spinosum. Tatal annual
production of cottonii naw ex<~~ 25, 000 tons  dry weight!, while spinosum
production from farming and wild crops is abaut 7,000 tons annually.

of Eucheuma were imported into Japan. Apparently Japan does nat prevent the
importation of this seaweed because it is rxrt fr~& or Qrcam in that country.
It was estimated that about 2,000 tons of the 5,000 were used by the Japanese
to produce ~geenan, and the remainder was used in foods. Food use in Japan
is m~~d to grow rapidly, requirirxy m~easing farrnirxy. 'Ihis seaweed will
came from the ~lippines and adjacent areas. Because aattonii can be produced
more readily, more economically, and in greater abumdzmm than sp~~, it is
preferred for human cormumption. As far as we cauld eh&ermine, very little
spinosum is consum&. Therefore, refeo~~m to edible g,'ucheurga pertains only to
cattonii.

According to reports, the native populations of the Philippines and
other Eucheuma-producing areas also eat this goop of seaweech. However, they
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are usually harvested and consumed locally. No volume data are available. No
evidence was found that Eucheuma is used for food in North America, Europe, or
other countries.

Curo~tly high~de, f ood � quality cottonii sells for prices ranging
between $400 and $450, FOB Philippines port. The prices obtained f or the
exported food-grade Eucheuma depend on quality, which depends on whether the
weed is ~ed and dried several times. It must also be dried in a manner to
exclude sand and other cont aminants. The Japanese frequently import
industrial quality cottonii for about $300 to $350 per ton; they wash and redry
it in Japan and then sell it for food.

Several factors have led to an anticipation of increasing food usage for
Eucheuma. First, production costs and prices are significantly lower than for
other types of seaweeds used as foods. Secondly, sea farming is now well
established, and this provides assured quantity and quality. Thirdly, Eucheuma
lends itself well to any numLer of salad, pickle, baking, pudding, and other
direct uses in domestic food preparations.

Sarc~assum

Sargassum is being more popular as a feedstock additive in the
Pacific feedstock trade. It is merely dried, gm.md, and bagged for its bulk
and carotin content. Various ef forts to utilize S~Lassum as a source of
alginate have failed, largely due to low yield.

Edible Seaweeds

The use of seaweeds in foods is mentioned in ancient Chinese and
Japanese literature, and since they were foods for centuries, there has never
been any question about their suitability for direct consumption. Ancient and
modern populations have recognized that the inclusion of small amounts of
seaweed in their daily diet may contribute to overall health and well-being.
Tables F, G, and H deal with the food value of seaweed. Important edible
seaweeds are listed in Tables D and E. None of the leading gove~t bodies,

eluding the Food and Drug Administrations  FDA! of Japan, the United States,
Canada, Germany, or France, or the World Health Organization has ever expressed
any concern about the use of seaweed as food.

However, several FDAs have established starxlards that relate to
moisture, impurities, content of arsenic, lead, total heavy metals, etc.
Experience shows that these stanchrds are sufficiently broad to impose few or
no constraints on the use of seaweeds in foods. Table F shows the U.S. FDA
standards for kelp. Generally, the brokers who import the seaweed into their
countries will know the health regulations, and they are in a position to
advise and guide the sea farmer/supplier.

Although no changes are anticipated in existing FDA regulations and
practices, the possibility of new regulations that might ~e the food status
of seaweeds cannot be ruled out. This uncertainty is created by the new
understanding of the ef fects contributed by various food ~nents and
compounds, more sensitive test methods, etc. Therefore, before anyone ~ts
a substantial inves~ to either sea~ farming or extractive production, it
is re~nded that he obtain a current status report pertaining to this
subject.
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The Potential

It is estimated that within the next decade, cost-ef f ective faring
methods will emeope for other seaweeds not naw used in foods. In the absence
of harvestable concentrations of wild seaweed in Hawaii, the only logical way
to establish local sour' is thrash sea farming.

Preliminary study shawm that same species may have a better chance for
success than others and thus have a higher priority for evaluation. Based on
experience, it is suggested that the species of ~rph~m, ~uma, Gracilaria,
and those of other g~ can be farmed amund Hawaii without adverse
environmental impact.

Cammn Considerations for All Sea~ Farms

Only the broad aspects of sea farming are covered in this asses.mwt; it
is outside the ~ of the study to include the specific, detailed techniques
of the sea far<ning of each species. This information is readily available in
the areas where sea~~R are being farmed. 'Ihe marine science departments of
universities in each country and the departrnmts of f isheries of the local
gave~ts generally know where information is available concerning such
farming activities in their areas. General information of import-mm to those
who are oonsiderirg introducing or developing seaweed farms is listed in the
following discussion.

Det~irxg the yield of harvested seaweed per unit of area is a
planning necessity; e.g., often 15 to 30 tons/ha or 8 to 10 tons per farmer per
year are produced. Exclusive rights to culture and harvest the planted farm
are a prerequisite. PrmuDment of the exclusive rights in the U.S. usually
retires the submission of applications for lia~as to the appropriate
governmental departments. Approval from the pertinent state, county, or city
governments must also be obtained for the anticipated environmental impact,
road use, zoning, etc. Various federal of f ices may also require permits. In
Hawaii this can be a tedious porn~, for all subtidal lands have been
classified for ccmmration use.

The exclusive farm plot should be located in a semi-protected area with
high fertility. Transportation, labor, supplies, and a market should be
available.

'Ihe following general observations about seaweed and seaweed farming are
offered for guidance.

*On suitable substrata, some species of seaweeds could be
harvested medically, though this is not often done. labor-intensive hand
harvestirg is the rule. Generally, after harvestirxy, the seaweed is

iately dried on ne~eby beaches or special platforms.
+A pilot farm should be developed first. The size should be

large enough and the duration of operation long enough to allow calculations of
production costs, growing rates, quality of the seaweed, and evaluation of
environmental impact. The seaweed, farm structures, and substrata should be
tested for all-weather stability. Labor costs and availability should be
ascertained and all equipment evaluated for efficiency and durability.
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+Nhen used for algin extraction, kelps may be processed either
wet or dry. If wet, they must be delivered and extracted prcxnptly after
harvesting. If dried, they should have a moisture content of 15 to 18% of
tatal weight. Extractors of red seaweeds generally prefer them dried with a
moisture content of 16 to 21%.

~After drying, seaweeds are usually prepared for sale by
pressirxy them into bales weighing about l50 to 300 pounds each. They are
usually strapped and banded, and then shipped in containers.

*Dried seaweeds contain a substantial atmnt of salt. This,
together with same of the ather natural qualities of the seaweeds, renders them
very stable in storage. Nell-dried seaweeds will retain their extractives at
full strength for several years. Rodents, in:~M, and similar life forms do
nat bather stored seaweed. As a result of this stability o f the dried
sea~~ds, extractors often carry an inventory substantially in excess of annual
requirements as protection against poor harvests, shipping or labor strikes,
governmental interferenm, etc. A reliable farm source could reduce the need
for such large inventories, with considerable saving to the extractor on
capital costs.

*Depending on the species, properly harvested and dried seaweeds
used by commercial extractors normally contain 20 to 40% extractive material.
This high extractive concentration, the high prices obtained for the
extractives, and seaweed's stability in storage enable the extractors to import
seaweeds fram almost any location in the world. Table D shaws the
international nature of the sour~ of dried seaweeds.

*Extractors have a standard method for calculating and comparing
the costs of their raw materials. 'The standard used is determined by dividing
the price paid for a ton of seaweed by the pounds of extractive in that
seaweed. For ~le, if a metric ton of delivered Eucheuma contains 30%
extractive, the ton contains 660 pounds of extractive. If the ton costs $550
delivered to the extraction plant, the cost of the extractive in the seaweed,
before extraction, is $0.83 per pound.

~Secial Considerations Related to Hawaii

Protection of Beaches

Hawaii's tourist trade is a major contributor to the Hawaiian economy,
and the principal attraction f or tourists are its people, sunshine, and
beaches. A major concern immediately emerges when seaweed farming is discussed
with responsible peaple in Hawaii: fear that sea~ grawn in that area, under
either wild or cultivated conditions, will bema detached during the grawing
prm~s and drift onto the beaches, reducing their attractiveness. This might
well oo~ if sea~eeds are farmed in the vicinity of tourist beaches. However,
there are areas where no beaches exist and the ree f flats are gener ally
unattractive to tourists. It would be possible to culture seaweed extensively

these areas. Also, remote islands or areas with little or no tourist trade
and no conflict~ other use may be suitable for sea farms.

Exclusive Harvesting Rights

'The state government has the right to grant the underwater harvesting
rights that are required for any sea farming venture. It seems impossible to
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determine what the state authorities might require or accept as proof that
seaweed farad would not create intolerable problems. These requirements must
be determine before any substantial pilot evaluation is undert&an; then data
meeting the state's requirements can be obtained and incorporated as a part of
the evaluation.

In the course of this evaluation it was concluded that three major
questions must be considered with respe>W to sea farming in Hawaii:

~Are physical corditions suitable for maximum productivity?
*Is sea farming politically acceptable?
+Will sea farming in Hawaii be economically ~titive?

Note that the cost of producing seaweed varies strikingly, depending on
whether farms operate in an owner/manager situation, with the laborers who do
the farming being paid on a time-spent basis, or whether the owner does the
farming and is r~ed on the basis of his production, perhaps with unpaid
members of his family assisting  a concept some>Mat foreign to most American
businessmen! . Below, note that Porphyra and Lami~ia farms are of the former
 owner-manager! type and Eucheuma farms of the latter   family � operated! type.
Gracilaria farming is too recent a development to be analysed at present.
Pr>obably, like the others, it will initially be of the family � type operation
and in time change to the sophistication of the more capital-intensive state or
communal farming operation.

As far as information is available, each of the above questions is
discussed below along with the costs, etc., for the seaweeds covered in this
assessment.

Porphhwa

Experience shows that ~rr>~h~ will grew in a variety of climatic and
oceanic conditions in nature or in tanks. While the waters around Hawaii are
judged desirable in places, other factors make Hawaii less than ideally suited
for producing this genus economically.

~orp~hva is used only in foods. It is not utilized as a source of
extractives.

Laminaria and Other Kelps

Iaminaria and other kelp plantings are initiated by causing the
reproductive bodies to grow on string or small ropes. These and the juvenile
thalli on them are then inserted in larger ropes. The larger ropes may be
associated in a network or hung from a network of buoyed ropes anchored in
appropriate places. The Chinese place such kelp ropes in long rows.

When the kelp is mature, the ropes are raised and quickly harvested.
After obtaining a boatload of kelp, the fishermen bring it ashore and spread
it on the beach for drying. Food~ade kelps are frequently dried on stakes,
walls, or hard pads to prevent contamination with sand or other debris.

Hawaiian-farm>R kelp might provide the raw material requirements for a
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locally situated algin extraction plant. Hawever, the temperatures at
atherwise-suitable sites are always above 22 degr~ Centigrade, and this
negates the possibility of grawing such sea~ as Laminaria in Hawaii, at
least as far as the essential micrceoapic gametophytic stage in their 1 i f e
cycle is concerned. If a strain of any of the ccemercial kelps is found which
has the macroscopic stage tolerant of the 22-to-26 degree surface waters of
Hawaii, the microscopic stages could be produced elsewhere and the very young
sporophytic macrosccpic stages autplanted; in this way, kelp could be farms in
the state. ~er background is needed to assess this possibility.

Four major algin producers and several smaller operations naw exist.
The largest companies are Kelco Ccenpax~ of San Diego and its large subsidiary,
Algin Industries, Ltd., of England. Other sizable operations are Protan in
Norway and CECA in France. ~nnel of any sea-farming underta!zng in Hawaii
that is designed to supply an algin plant must have scane understanding af the
supply picture of these ~titive plants.

Kelco Greeny ~~mtly cbtains abaut 60 to 704 of its requirements by
machine-harvesting nearby kelp beds. Depending on the distance ta the bed,
their costs for algin, in the weed before extraction, range between $0.25 and
$0.42 per pound. Between 50% and 754 of the raw materials used by the other
three maj or extractors also ~ fram fresh sources. Hawever, their costs
range between $0.45 and $0.60 per pound of algin, delivered as wet kelp, before
extraction.

The remainder of their requirements cames f ram imported dried kelps,

price for sun-dried wild kelp imported f ram Chile or similar areas ranges
between $225 and $275 per metric ton, H!B country of origin. Ocean freight and.
port charges total about $155 to $165 per ton, major@ a total per-ton cost af
about $380 to $440. 'The algin in this kelp ranges bet ween 18 and 22%.
Therefore, the cost of the extractive in the kelp, before extraction, is
be~ $1. 73 per kilogram �80/ �, 000 x . 22! ! and $2. 44 per kilogram
�40/�000 x .18! !, or $0.79 to $1.11 per pcxvxl.

China's impressive progress in the praduction and extraction of farmed
Laminaria ~ann:Lca is another development that must be considered in co~ion
with any farming verb~ in Hawaii. ~ on ateervations and two reliable
verbal reverts, it is quite apperent that the Chinese farms are delivering wet
kelp to Chinese extraction plants at a cost of 45 to 50 cents per pound of
algin in the weed before extraction. This is equivalent to about $300 ta $325
per dry ton. 'This calculation does nat include the costs of drying. In this
instance, 28% was used as the algin content of the dried seaweed; note that 18
ta 22% was the estimate used in the diacumion in the paragraph abave.

Information pertaining to the casts of producing the Chinese kelp is
confusing. No empirical data could be obtained from the Chinese about their
costs, although their costs for producing irxiustrial~de kelp were said to be
between $450 and $500 per dry metric tan, and a lot of it was seen stored, at
least in one extraction plant. Again, it was not determined if the price
included any profit for the sea farm. We obtained invoices showing that the
Chinese are exporting industrial~de kelp at $520 per metric ton. They are
selling food~de dried kelp ta the Japanese for $1,200 per dry ton. Although
there is no supporting evidence, we estimate that their foad~ade kelp
probably costs $100 to $150 per ton more than the industrial grades, due to the
added care required in drying and packaging.

One must also remember that within the past five or six years, the
Chinese have incr~ their algin production to approximately 7,000 tons
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annually, all of which is extracted fram seawe4+3a harvested from their sea
farms  Figure 1! . Due to the ~nal ament of labor required for the
exaction of algin and the fact that reagents and energy costs are roughly the
same on a worldwide basis, it is estimated that there would be no significant
dif ference be~ the Chinese extractirg costs and those of the non-Chinese
major extractors. It may be that the major western manufacturers ~sd above
have developed more ~sticated methods which give them a slight quality-cost
advantage.

The major diffeomm be~ the Chinese and other extractors is the
allocation that must be made for income taxes and prof its. No information
could be found as to how the Chirmse acccamt for these two items. However, an
acquaintance from Hong Kore has estimated that China impc~s a tax of
approximately fiVe p4~ent On buSineSS profits.

'There is no firm basis for estimating the costs for sea-farmirg kelps
such as Laminaria ~arnica arcmxl Hawaii. Based on observations and
extrapolations t-do~~ fram our Chinese trip and other experiences, an attempt to
make a tentative operating statement appears in Table I. From this exercise,
we estimate that L. ~axeiCa can be grm4tn  if it can be gnat in Hawaii at
all!, harvested, and delivered wet to a 1,000-ton~pacity Hawaiian extraction
plant for be~ $70 and $90 per puma of alginate at a raw material cost of
68 to 70 cents per pcam9, in the weed, before extraction. This cost should
average close the the costs of the combined wet and dry kelps now obtained by
the major extractors.

Table I. Assumptions and Estimates re Pr&uc&ion Costs of Seafarmed
Lxninaria ~arnica � Hawaii Vicinity � per 1,000 Netric Tons,

Delivered

Production Costs
2 men - $5 hr + 20% fringe x 330 days
Naintenanw

Depreciation
Miscellaneous
Hauling wet kelp to extraction plant
laading & unloading

Total production costs

S 31,680
6, 000

10IOOO
2,500
4,000
4 000

8 58,180

dmin'strative Costs  Based on 100 Ha Farm!:
Office & secretary, etc.
General manag~
Taxes and licenses
Nis cell~mum

Total administrative costs

1,000
3,500
1,000

$ 7,500

9 65,680
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Table I.  continued!. Assumptions and Estimates re Production Costs of
Seafarm!& Mninaria 'a nica.

Cost of algin in the weed before extraction

At 750 ton level � 5 ha plat
Cost per ton = $87.60
Cost of algin = $ 1.08/lb.

At 1,000 ton level
Cost per ton = $65.68
Cost of algin = $0.76/lb.

At 1,125 ton level
Cost per ton = $ 58.40
Cost of algin = $ 0.68/lb.

The estimates shaw that energy to produce algin costs heW~n 16 cents
and 18 cents per pound. A kelp farm located along the coasts of Hawaii Island
plus an extraction plant located at the nearby geothermal area  Figure 5! could

an economically feasible combination. Before further consideration can be
given to this possibility, firm data must be developed through pilot
evaluations, which we recammerd accordingly.

Xi!:gZ! 5. Iacation of Hawaii ~ermal Power Well "A" in relation
to Hilo and Honolulu, respectively, same 20 and 150 miles to the north.
Note private wells sited nearby.
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'There are two Euchre ma species, referred to as cottonii and spinosum.
They are becamirxy ~measirxyly important to the extraction industries as
sour~ for carrageenin. Until about 1970, only Limited wild sources were
available, and these were f recently averharvested and undepezx9able. In 1973
and 1974, signif icant quantities of the farmed weed began to app~ on the
market. Depexxlability of the supply, better quality, and Lower costs have
induced extractors to buy increasing quantities fram the farmed sources in the
Philippines and Indonesia. Nalaysia could become a producer.

The 24,000 tons of cottonii Eucheuma producer@. in 1982 and the total for
both cottonii and spinosum, about 30,000 tons in 1983, were nearly all from
farms. Today, little cottonii is harvested from wild beds. About 50 to 60% of
the E. denticulatum, the spinosum type, is grown on farms, while the rest ~
from wild source.

Eucheuma farms are quite simple. Small pieces of Eucheuma are tied to
nylon monof ilament Lines, which are then suspetRed appropriately in protected
ocean water having good circulation. The seaweed produces rapid vegetative
graAa in all swans. The mature grvWx is harvested by hand, and the younger
branches are used for replanting. Several harvests are possible each year.
One h~e will produce up to 30 tons annually, but half as much is corramner.
The wet harvest is dried on nearby beaches or similar areas. After dryirq, the
seaweed is usually packed into pressed burlap-wrapped bales weighirg up to 300
pounds each.

It is hard to define precisely the costs for this type of operation.
Capital requirenmts are very low. The sea farmer does not normally assign a
cost to his labor, and farxxuxxy is only a part-time oo~mtion as a rule,
allowing him to pursue his normal fishing or other farming. Thus one cannot
deduct labor cost from profit.

In any case, the sea farmer currently sells the cottonii to the
collector/broker f or about $275 to $325 per ton, with prices dependent on
moisture content  extractive content!, quality, etc. 'Ihe collector assembles
the Eucheuma from several sures, moves it to port, and m.&sequently exports
it for prices ranging between $325 and $375 per ton FOB point of origin.
Freight charges to the United States and Europe are approximately equal at $115
to $135 per ton, giving total costs of about $440 to $510 per ton.

Because spinosum grows more slowly than cottonii and ~res more care,
it is sold by the sea farmer for about $425 to $475 per ton. The
collector/broker gets about $500 to $550 per ton FOB port, which ~ the
delivered price to the extractor  after addi' freight charges! between $615
 $500 + 115! and $685  $550 + 135! .

Based on current economic conditions, we f ind it improbable that in
future years the sea farmer will receive less than $300 to $325 per ton for
cottonii and $375 to $400 per ton for spinosum. Extractors have learned that
i f prices falL below these levels, volumes farmed decline rapidly. Once a
decline in production has oo~ed, several years are required to bring it back
to desired levels, and often premium prices must be paid to encourage
sufficient productian. At the current time, extractors are being very careful
to obtain the volumes they desire by adjusting their prices  or allowable water
content! as the market indicates.

The DepaxMwt of Botany, University of Hawaii, Manoa, has provided
positive evidence that Eucheuma seaweech will grow economically on reef flats
located in Hawaiian and nearby waters It is .visualized that ~cheuma farms
would be located an reef flats which wmQd be remote from those freg.xented by
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tourists and would be no problem to the tourist industry or the people who use
the beaches.

It is impossible to estimate the costs of farn~p any seaweed without
knowing the specific location. Hemmer, based on our experience with farming
Eucheuma in other Localities and f irst-order approximations f rom terrestrial
crops, it is estimated that cottonii may be farmed on Hawaiian reefs such as
those of lanai and Molokai Islands at costs rarging betT~~ $350 and $450 per
ton. Lijwzise, it is ventured that spina:>~ may be f~ at costs ranging
betwe~ $450 and $500 per ton. These estimates take into consideration the
higher Hawaiian labor ~ cspeed with Philippine costs.

Such locally farmed Eucheuma seaweeds, at costs fallirKI within the above
ranges, would give a local extractor an assume supply and a def inite cost
advantage. An operation of this type would also contribute a signif icant
nurrib~ of jobs to the Hawaiian eoancany.

We can anticipate that the use of Eucheuma in foods will be accelerating
and should continue to inmmw for same years. There is no limitation on the
importation of Eucheuma into Japan or the U.S., the major developing markets.
Between 3, 000 and 5, 000 tons are already being used as food, and it is
estimated this will double or triple within the next 5 to 10 years.

Although the carrageenan industry leveled of f during the recent
recession, it is estimated that its historic pattern of growth will soon
resume. There is also the possibility that the carrageenin industry may shift
away fram same of the ather wild-crop seaweed species and t~ the more
readily available and econamically attractive Eucheumas and those genera which
can be farmed in the same way as Eucheuma. In any case, Eucheuma demand is

to continue to increase rapidly, and this will require increased
farming.

Introduction

Sea~ extraction plants require a minimum of a few thousand tons of a
given seaweed per year in order to be econamic. Obtaining sufficient supplies
for an extraction plant in Hawaii would not be a problem. In fact, such a
plant could operate ~titively today, using only imported dried seaweed.
However, for two reasons, the plant would shaw a greater profit if it used
seaweed gram at nearby Pacific islands: the freight charges would be Lower,
and the drying step might be eliminated. Establishirg seaweed farms would also
help to brirg jobs and money to the Pacific islands involved.

In light of the abave benefits, we will next consider which areas of the
Pacif ic near Hawaii are suitable for seaweed farming, haw large an area is
needed, and the volume of sea~ that would be harvested.

Since the major products of extracting plants are hydrocolloids, the
minimal farm areas are estimated with hydromlloid extraction in mind. lesser
amounts of certain sea~ could be utilized in the production of specialty
chemical products, but the prof its real ized by such ventures would not be
significant camped with profits fram the stol hydrocolloid extraction
plant.

In general terms, one acre of a sea farm produces 2 to 20 dry tons of
seaweed for hydrwelloid extraction per year. Approximately five dry tons of
seaweed are needed to produce one tan of extract.
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Table J. Total Farm Areas Needed for Plant Support.

The hectarage needed to produce enough dried sea~ to support economic
operation of a minimal-sized extraction plant. Weights are given in
metric tons per year.  One he~~ equals 2.47 acres.!

Hydrocolloid Dry tons Hero- Yield: Tons Tons/Min. Min. ha
SOLING~ per ha colloid gel/ton plant required

ear ield 0 seaweed size r lant
Agar
Gracilaria 10 25 1252.5 50

40 7.2 1,000 139

Carrageenan
Eucheuma 3515 7505.25 143

Table J indicates farm sizes and yields per year that would produce the
seaweed required for an extraction plant of minimal size.

'The figures for different seaweeds and different products vary widely, but
it seems safe to say that sufficient areas for farnltmg them are available.
Table J may be misleading, for it does not take into acccmt the economies of
scale ~sary for the pre-extraction plant portions of the industry, nor does
it consider the range of products necessary to allow an extraction plant to
meet market deman

Suitable Areas in the Central Pacific

Hawaii, Micronesia, the Line Islands, and western Kiribati have many
thousands of hectares of reef flat suitable for producing Eucheuma and other
seaweeds. Hvwever, only a few thousand hectares scattered throughout these
areas have been examined for the present study  Table K!; there are probably
more than 10,000 hoes suitable in just the part of the tropical Pacific
that has shipping co~ions with Hawaii.

Eucheuma farrnir~ has been successfully introduced into the Line Islands,
which are a combination of atolls and low volcanic islands. Same of these
islands belong to the nation of Kiribati; others are U. S. unincorporated
territory. They have a few thous-mal he&ares of seaweed farm area.

Micronesia is also farming this sea~, and Ponape, Micronesia, has
Eucheuma farms and the promise of producing other seaw~ds which are agar
scvrces. A current joint project of the companies processirxy over 80% of one
hydrocolloid is to develop large-scale farming of one seaweed in Micronesia
soon.

According to Ryther, the maximum productivity of such areas should be on
the order of 200 tons of algal material per hectare per year; there is an
unpublished record of a 0.44 heMue Philippine farm area said to have produced
Eucheuma at a rate of over 100 T/ha/year. In Indonesia, two other farms are
said to produce around 75 T/ha/year of Eucheuma each. Many farmers prcduce 10
to 15 T/ha/year.
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Table K. Total Estimated Reef Areas Apparez<ly Suitable for Farming
Eucheuma in Hawaii, or Omnected with Hawaii by Surface Freight.
The area is given in hectares.  One hectz~ is 2.47 acres.!

Location of Area e estimatedH
State of Hawaii

Kauai Island
Lanai Island
Molokai Island
Oahu Island  sample only!

>22 � �22

252

2,043
>89

U.S. Unincorporated Territories
Wake Island  ?100
Pa~ Island ?300

Kiribati
Christmas Island

Western Kiribati
>500 � �,061

?1,000

Federated States of Nicotia
Kosrae

Ponape Island
Yap

?250

>500 � <940

>1,000

Belau >1,000

Various locations anticipated
from charts >10,000

Thus it seem safe to say that the potential production for Eucheuma,
alone, that wcaQd be available to a procesairxy plant in Hawaii would be between
100,000 and 1,000,000 tons per year �0 to 100 tons times 10,000 hecMres! .
This is vast.ly more seaweed than the world could consume as carrageenan in the
forseeable future. Ious the kncain areas are far more than enough to produce
the minimal mount of seaweed needed to support a processirg plant.

The raw field data from which these numbers were derived were obtained
for the project by a separate consultancy funded by the International Sea Grant
Prcigram and the Sea Grant College Pe~ram of the University of Hawaii.

The reef flat areas given in Table K for Hawaii and Christmas Island
were estimated from random walking over the reef flats and then identifying, on
aerial photographs, those areas suitable for ~coeuma or ~Gracilar'a farming
The special walkirxy was largely done by Mr. Vicente B. Alvarez, who is perhaps
the world's most experienced Eucheuma farmer. Estimates of potential sea farms
in other locations were obtained from a variety of sc~m. ~ from
Micronesia are fram aerial abservatians, with same on-site umpections. Those
marked with a question mark were derived from poor aerial photographs or fram
charts alone. 'Ihe last category, "Various...", app~ to be a conative
estimate, with 10,000 suitable hect~ available.

The inf ormation derived f rom random walking and ather procedures was
transferred to tracing paper laid aver aerial photographs or charts of known
scale. Ari~~ suitable for seaweed farmirxy were cut out of the paper and
weighed. The ratio of these weights to the weight of a piece of the tracing
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paper that reputed one ha~ gave us a figure for the area suitable for
f armis.

Detailed Analysis of Hawaiian Islands, Micronesia, and the Line Islands

Today there are six seaweed farms in Hawaii, and more could be
developed. Experimental farming has been done successfully, and in general the
types of suitable areas are knmm. In the state of Hawaii, there are at least
2, 500 hectares �, 175 acres! of reef flat that could be used for seaweed
farming.

In the case of Oahu, the population cerrbm of Hawaii, aur study had to
be confined to a small sample of the reef flats anly, due to site ~titian.
Thus for Oahu, which has the most reefs of any of the Hawaiian islands, only
the term "greater than 89 ha" is indicated in Table K. A vastly larger area
than this is present in the cambination of the reefs and shallaws of three Oahu
areas: between Kahi Point at the west end of the Zwa Plain and Diamond Head; at
Kaneohe Bay; and ~ the wirxh~ reefs both north and south of K~~he Bay.
We concentrated more on the auter-island reefs of Kauai, Lanai, and Molokai,
which are more practical areas for devel'. In addition, the Ie ward
Hawaiian Islands might very well be ideal for many species, but their
remoteness and their status as wildlife pDm rves obviates their consideration
naw. With the h~~rard Islands included, the area for seaweed farming within
the state of Hawaii is ~inly considerably in excess of the minimal 5,000
hoes required to support an extraction industry.

On the outer Hawaiian islands, people are interested in the idea of
farming seaweed. As an individual family enterprise, farmir~ could probably be
successful without hired labor. Such farming is being enoouraged for the genus
Gracilaria to the extent f easible in the sense of wild crop management.
Hawever, the site ~titian, the costs of labor, and the lack of legal
backing fram the state for producing anything fram subtidal lands make it
impractical at this time to recommend funcLh@ of subtidal seaweed farm
development in Hawaii.

Fortunately, the situation is very dif ferent outside but near Hawaii.
In this case, at least 2,000 ha � hectare = 2.47 acres! of reef flats in the
neighboring countries of Kiribati, and much more in the Federated States of
Micronesia, Belau, and the U.S. territories of Wake and Palmyra Islands are
suitable and available. While the potentials for Wake and Palmyra are unde,
special surveys in the state of Ponape, the Federated States of Micronesia, and
at Christznas Island in Kiribati have pravided very favorable information  Table
K! .

Micronesia naw has a series of Euche~ production areas under
development; the ~ prominent are the shebeen states of Belau and three of
the four states of the Federated States of Micronesia  Yap, Ponape, and
Kosrae! . Production of the genus Gracilaria has been considered, and Sargassum
is abundant in places. ~ is certainly en@.gh reef and mud flat area for
the econamic production and export of these three genera, which would pravide
Hawaii with the raw materials for a carrageetm extraction plant  using
Eucheuma!, an agar plant  using Gracilaria!, or an alginate plant  using
Sargassum! .

The area estimates of Table K, abave, are based not only on inspections
but actual test plantings. The granth rate of aver 34 per day in several of
these areas indicates success is possible if management. is good. The testing
was done at a variety of sites, with a good many tons of Eucheuma of the
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regular ccaomercially farmed strain, tamibalang, being pm'~ at some of them.
Successful Eucheuma farms pv~e 15 to 30 T/ha/yr, dry weight, and are capable
of producing vastly more. Ponape and Christmas Island each have >500 he~~
of available reef flat suitable for the farm production of Eucheuma. Thus the
potential for these two islands alone is a minimum of 15,000 tons per year �5
T x 500 ha x 2 islands! . This is about half of the current annual world
production.

Frequent clean f reight ccenections Letveen Hawaii and Mic~ia have
made that area especially attractive as a scarce of seaweed to be processed in
Hawaii. Container service is readily available. A sailing schedule for one
line is enclosed as an ~le  Table I! .

Table L. Typical Route for Major Ships Connecting Pacific Ports with
Honolulu and California.

Three ships follow the schedule above, repeating the schedule each time the
cycle is completed. The schedules of the three ships are staggered so that
each port is visited by a ship approximately every 24 days.  S~: EK &
0 Lines, No. 5, issued 3/25/85!

The Line Islands  Figure 6! p~t a special situation. 'Ikey are about
1,000 miles due south of Hawaii. The atolls and higher islands might be called
a law-island complex. Two of them, belonging to the country Kiribati  formerly
the Gilbert Islands!, have had Eucheuma introduced and are very good potential
sites for farming this genus. Christmas Island alone has about 700 ha of
file sites and could begin export the first year of development. Same
athers to the south are U.S. unincorporated territory � a considerable tax
advantage. Palmyra, one of these, is a privately ~, tropical, low-island
complex. It has a ~r of ~aces in its favor, includirg m~, which

Day 1
Day 9
Day 11
Day 24
Day 25
Day 27
Day 28
Day 29
Day 32
Day 34
Day 37
Day 39
Day 41
Day 42
Day 44
Day 46
Day 60
Day 61
Day 62
Day 71

Honolulu

Al~

Los Angeles
Majuro
Ebeye
Kosrae

Ponape
Truk

Saipan
Yap and Koror
Davao

Lae

Rabaul, Kata Kinabalu, and Ãuara  Brunei!
Kieta
Cebu

Manila

Lae

Rabaul

Kieta

Honolulu
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offset its mzmta location. Its deepwater port, saba hurdrechs of hectares of
farmable reef flat, an aburx3ance of fresh water, and other features make it an
unusually attractive location for seaweed farad', pre-export treatment, and
consolidation.

Ficiure 6 The .Line Islands, About 1,000 Miles South of Hawaii
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About two tons of Eucheuma have been exported to date fram Christmas
Island, and an ef fort is beirxy made to mpand fazing to the more-western
reaches of Kiribati. While no export beyond sample lats has been made fram
Ponape, more Eucheuma has been grawn tham than in Kiribati to date. There is
curv~ntly a well-supported ef fort to develop a production and export industry
on both islands. As the narrative and other records shaw, either of the two is
ready for ~pension; far more than 1,000 tons per year of the cottonii forms of
Eucheuma could be obtained. Both the people and the farm seedstock are
available to init.iate the ~try.

Pa~  Line Islands! and Wake  leeward Hawaiian Islands! also appear
to have enaugh area to produce considerably aver 1, 000 tons per year.
Unfortunately, no on-site survey has been made of either place. All
information on them has been interpreted fram verbal reports of visitors to
these places  none of wham was phycologically competent!, or fram charts, or
fram a very few aerial. photographs. Such U.S. territories have tax, legal, and
other advantages. Palmyra is privately awned.

New Possibilities in Hawaii

Recently a reliable supply of cold, fertile water has Lecame available
with the development of ocean thermal energy. Iarge areas of barren lava
surfaces in South Kona on the island of Hawaii  the largest island of the state
of Hawaii! naw have a potential for aquaculture. The state of Hawaii has
established a 547-acre Hawaii Ceean Science and Technology  HOST! Park to
promote develop@mt and commercial production utilizing this and surrounding
Land  Figures 7, 8, 9, and 10! . There are thousands of he~res of barren rock
surfaces in the area, mostly privately ~, that are available for lease.
They were previously considered useless rocky land.

Fi~e 7. The State's Natural
Energy Laboratory of Hawaii
 NEZH! is fast beeo~p one
of the world's premier aqua-
culture sites. Iocated at
Keahole Point on the Big
Island, NETH offers both
cammercial farmers and re-
searchers the opportunity to
try new aquaculture tectmo-
logies using deep ocean water
pumped to the facility
through long pipes. The
water is clean and nutrient�
rich.
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Figure 8. Closer view of the
State Natural Energy Laboratory
of Hawaii facility. The two
largest circular tanks are used
by Hawaiian Abalone Farms for
growing kelp, which is fed to
the millions of abalone in the

largest re~gular construc-

tion. raising ~sirulina  foreground!
and dunal iella  back raceways!
at the Hawaii Natural Energy
Lalorarory. ~Sirulina produc-
tion is currently 2000 lbs. per
month. Beta carotene is derived

from dunaliella and is used in

the production of food dyes and
natural vitamins. The f irm

plans to produce a biofertilizer
soon.

Fic~ 10. Unisyn of Hawaii's
spirulina production raceways
at Waimanalo, Oahu. The paddle-
wheels keep the algae in sus-
pension. Af ter harvest � approxi-
mately every three days � the
~irulina is freezedried -and
sold for $8 to $10 a pour%.



33

Figure 11. Hawaiian Marine
Enterprises in Kahuku, Oahu,
is raising Gracilaria  ogo!
in raceways. 'Ihe product
is sold fresh to food stores.

Seafare~ of seaweed could use the state's Keahole facility to adapt
knawn methods and develop new ones. Reseav& could be concerned with seaweeds
that are in canm~ial demand, and additionally the rmst prarnising wild species
that do not yet support an industry. Tank and pond cul.ture are the
conventional modes of cultivation. P~~ih~a has been shawm to grmr nearly

16-faotMeep tanks  Figures 7 and 8! of the Hawaiian abalane farms. Though nat
explored at all, Chm9rus crispus, which is naw growirg in the wild in Hilo
Bay, might be developed as a crop in trenches the same way Cyanatech is now
growing another alga, ~irulina. Alternately, the Chondrue might well be
farmed subtidally along this same shore, as it is suspend that cold water
would be necessary. Chondrus was at one time the world's prirx:ipal source of
both lambda and kappa carrageenan, and could be again, with appropriate
farmir~.

producing Eucheuma and other sea~ of commercial value on relatively
flat lava f ields outside of tanks or ponds is a real, i f unorthodox,
possibility. This is about as navel ta man's thinking as would be the idea of
growing farmed crops on a reef flat under seawater. It is so novel that it
takes more explanation than can be pravided in detail here. The method
involves growing the seaweed in the air on barroom supratidal lava flats, and
keeping it cool arri moist under ordinary agricultural sprinklers. In 0. 5 x 1
meter experiments, the gra'rth rates of several Hawaiian sea~, including
cottonii, have been normal or abave-normal using this method.

In brief, it is envisaged that the crops would be gvaIm, at least
itially, in South Kona on ben~ supratidal lava rock. This appears

biologically feasible and technically passible. To date, the methcd has never
been tested in the field. Such pilot work could be dane to develop the precise
techniques, e.g. at the state's facility at Keahole.

Seaweed craps cauld be readily trucked, wet or dried, fram anywhere in



34

South Kana directly to processing plants in the geothermal area 90-odd miles
away. Ports handling ocean freight are only a few miles away and could easily
receive imported sea~. The Kailua-Kana airport can harxG,e the largest
airfreighters; this airport is about a half mile away fram the facility and is
visible in Figure 7. The Kona area has exceptionally favorable weather and
rather consistent gentle breezes across its barren rock sites; these would be
appropriate for sun drying.

'The state of Hawaii maintains and operates the 547-acre Hawaii Ocean
Science and 'Za~ology Park arxt the Natural Ermrgy Laboratory of Hawaii at
Keahole to provide support to aquaculture and marine agronomic research. Two
compenies are now producing algae commercially at the site  Figures 8-10! .

'Ihe Keahole facility provides both surface seawater at 24 to 27 C, at
2,000 gpm, and cold seawater at 10 C, at 1,500 gpm, with backup by three
diesel generators and a backup pumpirg system  Table N! . The quality and
temperature of this water are desirable and adjustable. Cold deep water and
warm surface water are available, and the flow of these is maintained at all
times  Table N! . The facility includes several kinds of shops, a seawater
~stry laboratory, 12,700 sq. ft. of industrial building providing
warehousing, aver 8,000 square feet of concrete experimental pad, and office
and other spaces. Paved roads lead from the site to the surrcazxling retail
and residential areas  about f ive nu.les away!, to the airport, to the ports,
and to the geothermal enemy area.

Table M. Solar Radiation Received at ~le Point. The values are
"global", i.e., in terms of mean daily kilogram calories per +quare
centimeter of light energy received by a circular flat plate collector
under a hemi~iherical clear glass cover.  Scarce: University of Hawaii,
Honolulu, Hawaii 96822 � Water P~~s P~~~W Center Natural ~~~
Laboratory of Hawaii, 10/84. !

Mo. Yr:1976 1977 1978 1979 1980 1981 1982 1983 1984

458
393

397

AVERAGE 463 502 496 468 485 474 5

Each value represents a monthly average of daily solar radiation in
cal/cm /day.

p = partial data base
e = estimated by extrapolation from other station sites.

JAN

FEB

MAR

APR

HAY

JUL

AUG

SEP
QCI'

NOV

DEC

406 410

436 512

451 525

527 552
500e 615

495 563

515 566

543 544

498 520

406p 475
409 383
364 360

390

371

556p
540e

546e

543e
516e

623e

530e
440e

476e

419e

348e 403e
426e 413e
512e 498e

558e 553e
527 561e

516e 550e

522e 565e

487e 537e

469e 504e

470e 485

423e 365p
358e 387

350 403e 423

541 493e 510
398 554 522

548 547 471p
516p 605
539e 574e

552e 581

512e 545

518e 528

530e 475

379e 437
308e 404



Table N. Quality of Available Seawater. 'Ihe Natural Energy Laboratory
of Hawaii facility at Keahole was established to supply such water reliably
to marine agronamists for their research and development on seaweed
production.  Source: %he Natural Energy Laboratory of Hawaii!

Paranx ter

& terms
Cold Seawater

max ave min max ave min

Intake Iocations of the 12-inch Pres
Warm Water: 320'  97.6m! offshore; water depth 65' �0m!;

40' �2.2m! abave sea floor; 25' �.6m! below surface

Cold Water: 5,500' �675m! of fshore; water depth 1,995' �08m!;
70' �1m! above sea floor; 1,925' �86m! below surface

The mean air temperature of any one day is p~ly nat more than five
dec~ca different fram the mean of any other day. Within ane day the variation
is on the order of ten dec~~. 'Ihe average temperature is abaut 25
Centigrade. Zmnual rainfall is approximately f ive inches; thus essentially
every day is a day of clear sky and brilliant sumAirxa  Table N!, approaching
the maximum for this latitude of near 19 deg, 45 min, N.

Already in place and productive are two comgenies, both basically producing
algae. One, a major investment, produces abalone, but it is dependent on tank

planktonic, high-protein feed alga, S~iru~l', in tanks. Bath have long-term
leases for space fram the state urder such terms that they are, or arrticipate
being, eaonomic.

'Ihe state offers leases on the adjacent lava lard that can be lang term and
at rates that make them attractive for growing seaweed. If research ard
develapnmt furds are made available for adaptation of the sprinkler method,
perhaps a great deal of seaweed cauld be grawn here ine>~lively. We envisage
"walking sprinklers," me~ical harvesting, and trucking the harvests di~y
to processirsp plants in the geothermal~ll ~, a short drive away on the
same island.

Temperature .C
Temperature
Salinity 0/00
pH
Alkalinity meq/1
NO 3 + NO 2ug-at/ 1
NH4 ug-at/1
PO4 ug-at/1
Si ug-at/1
TDN ug-at/1
TDP ug � at/1
D.O. ml/1
TOC zgC/1
FOC

28.00

82.40

34.93
8.34

2.36

0.50
0.70

0.20

31.00

6.24
0.50

10.09

1.20

0.06

34.71

8.24
2.32

0.20

0.50

0. 14
4.21

4. 68

0.34
7.25

0.91

0.04

24.00

75.20

34.31

8.04
2.25
0.05

0.20

0.03
1.80

3.69

0.19
4.85
0.51

0.03

10. 50

50.90

34.37

7.64

2.43
41. 70

0. 76

3. 16

72.00
48.00

3.26

3.93

0.99

34.31

7.55

2.38
40. 00

0.42

3.04

79.00
42.14

3.07

2.38

0.58

9. 50

49. 10

34.27

7.45

2.34

38.20
0.06

2.85

85.00

39.30
2.91

1.33

0.07
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PROIKCZIQN AND SALES VOIUMES OF SEINED KlT.RACITMH

General Discussion

Because manufacturers jealously guard their extractive sales and
distribution figures, it is difficult to arrive at accurate estimates regarding
~ctive production or the quarMty of extractives in a given pharmaceutical,
industrial, or food use. It is assumed that production volume is ~ to
sales volume.

The most reliable index to prcduction is b~9 on the amxznt of seaweed
purctmsed by the individual extraction plants and also the average extractive
content of each sea~. 'These figurm are generally available on both a plant
and national basis. Extractors also have a good understanding of what their
competitors are making. A cross check ~ major ~titors resulted in good
verif ication of the estimate derived fram seaweed utilization figuzm. 'This
approach was used in p~ing the estimated production and sales volumes shawm
in Figure 1 and Table O.

It is estimated that each major producer of algin and carmgeeran will
have between 500 and 1,000 customers. Abcaxt 50% of the producer's total volume
will come from the top 50 customers. Furtherrmre, even thigh each compeny may
make frcan 100 to 250 different products, about 40 to 50% of the sales volume
will be derived from about 10 to 15 "st-mdard" products. This ccecentration of
the algin and carrageenin volume and custcen rs simplif ies the situation for
anyone desiring to enter the seaweed extraction business. Agar is much simpler
with respect to diversity of product line, uses, and customers. Because the
production o f extractives which are ergine~wed for specif ic uses is closely
tied to raw material sour' and sales requi~ts, these aspect are covered
under the respective algin, ~geenan, and agar sections of this report.

Excellent texts are available which go into detail regarding product

distribute product de.~iption and specif ication bulletins together with an
extezmive array of use/formulation bulletins.

'Ihe markets for seaweed extractives are solidly situated in realms of
food, pharmaceutical, and intlustrial uses. large-volume sales can be expected
to continue for many years. We estimate that agar arxl carrageenan will
experience substantial additional g~ on a worldwide basis. 'Ihere are
indications that algin util ization is in a mxbwate decline in the United
States and Europe, but continues to increase in ot?~ areas of the world.
Raxnif ications pertaining to each extractive' s current and estimated future
sales are disarmed in scene detail under submnguent sections specific to each
~ctive. Figure 1 shcam growth history, and Table 0 shawm the n~~m of
posing plants and produWion volumes by countries as of September 30, 1983.

Campetition Among Seaweed Colloids

Algin, carrageenin, and agar have many a~nr.n properties: all are water
soluble; when dissolved, all can make visccxm solutions or water-besa5 gels.
'Ihey can function as water stabilizers, suspendirxy agents, and emulsif iers in
many foods, ~mnaceuticals, and industrial uses. Hawever, each extractive
also pos~~~ its own range of advantages and limitatians.
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Table O. Estimated World Production of Semwed Extractives in 1983
No. of Plants Production in Tons

Produc Coun Al in eeIMX1 Al in eenan ar
1, 200

100

200

7,000
1

5  ! 100

3,600*
6,500
1, 600

200

1,500 ?!

2,400

10-20

2
1

2

1, 200
500

3,600

500 ?! 1,300

1 1

Ur&mott tn Ur&nmm
5, 000 4,000

13,100**
$3 ' 50

16 10

selling price per
33-43

pc<md
27,300

$3.25

*Includes furcellaran extractive now estimated to be under 1,000 tons
annually.

~*Does not include approx. 2500 tons alkali-modified E. striatum,
"alkali-modified carrageenan".

~*~Estimate 6,000 tons star+lard agar 9 $650/lb. and 1,075 tons bacteriological
agar 8 $12/lb.

For maple, alginates are coldwater soluble, but require the presence
of soluble calcium to form water gels, t'hereas carrageman is hot-water soluble
but can form gels when the temperature is reduced. %hem are many differences
of a similar nature which allow each extractive to be used in its individual
profile of uses at prices which commercial customers are willing to pay.
However, if an extractive price keam~w too high, users will erxhevor to switch
to a cheaper but lessMesirable colloid or one that may have to be used in
greater ~ts to achieve the same result.  ~+ally, the threw ~ctives
do not compete with one another under the normal and current conditions of
prices, properties, and availability.

~tition with Non-seaweed Colloids

An all-purpc~, water-soluble colloid has not been developed to date.
Experts in colloidal chemistry estimate there is little or no prosper& that

Canada

Argentina
Brazil

Chile

Denmark

England
Franm
India

Japan
Korea

Mexico
Morocco

Norway
New Zealand

Philippines
Portugal  & Azores
Spain
Tarwan

United States
USSR

Totals

Estimated average

Estimated total annual sales: Algin, $195,000,000
 World ~ction $435,450,000! Carrageenan, $101,052,000

114 387 000

400

100

60G

300

1GO

100

100

100

2,500
400

100

250

200

100

400

1,000
450

100

7, 075
$6.50 Std.

$12.00 Bact
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Possib' ities or ctives e 'Ihan Co3. oi

Nany years ago it was reccgnized that seaweed@ are p~ntial m~es for
new and unusual drugs and other products. Substantial ~~h has been
devoted to identify~ and isolating possibly useful ccanpoun9s. An adjunct to
the present report is the production of a report by 8~toe & Doty, "Hawaii
Botanical Sciencxm Paper No. 42," in which are listed scxm 1,047 camp~is
produced by algae  nastly seamus!, aside fry those biochemicals rather
universally pm~ in algae and related organisms. Alth~lh the~ are numbers
of pmrnising sucgested uses, significant production of drugs and other valuable
extractives f rem sea'eels has not yet develcped. It is urgent that research
and develapnent in this line be continued consistently.

After a proagectively desirable suk:~tanaa has been identif ied in a
seaweed, two major problems face i@du ~p. Both mat be solved before the new

such a p~wluct can be developed in the foe~sable future. However, nurnamus
colloidal p~~cts have appe~act in the past, each having a limited profile of
chemical and physical properties; this enables each pn~ to function in its
special grip of uses.

Water-soluble colloids available for use in food, ph-mnaceuticals, and
industry can be broadly classified aacordirxy to sources, i.e. seas', seeds,
fervmntation prcdu~, and chemical prcxtucts. Generally, the seed gums, such
as locust bean or guar gum, are @mergistic with the seaweed colloids.
Although they have wide individual uses, they are freely combined with
seaweed colloids to achieve new ef fects and uses. 'Iheir properties rarely
overlap those of the seaweed colloids, and for this reason, they rarely ~te
for the same uses.

During World War II it was discovered that +~in bacteria produce
useful colloids when cultured in a suitable fernxmtation process. The only
important fermentation gum to reach the market to date is xanthan. An
estimated 16, 000, 000 to 17, 000, 000 pounds of this product  m-mufa~~9 by
Kelco Ccxrgeny! is sold annually in the United States, with another 6,000,000 to
7,000,000 lbs. beirxy sold in other parts of the world. Since it was first
intrcduced about 10 to 12 years ago, xanthan has replaced an estimated
3, 000, 000 to S, 000, 000 lbs. of alginate volunx'. However, it appears this
erosion has stopped, and no further major loss to fthm is anticipated.

Gellan, another fermmtation product, is now beirxy prcarx:~9 by Kelco,
but the comp-my has failed to find significant markets to date.

Flotation gums are capital-intensive arxl energy-intensive, qualities
which dictate c~~t and future high prices. 'Ignis amtrasts with presently
declining costs and prices for seaweed extractives  due to seaweed farming and
the rem&ting reduction in the cost of raw materials! . We do not visualize
fermentation gums as a major threat to see~d colloids in the forest-:eble
future.

One of the principal chemical gums rm~rirg consideration here is
~xpa~yl cellulose  CÃC! . 'Ibis gum also a@~~9 during World War II.
About, 30,000,000 lbs. are used annually, with about 12 000,000 to 14~000 000
lbs. goirxy into food uses and the remainder into industrial a~lications.
Prices range betT +en $1.20 and $1.80/lb. for food grades and between $.70 and
$1. 30/lb. for industrial grades. QK has specif ic uses; it continues to
~te with algin for same textile and paper uses and with carrageermn for use

toothpaste and pet foods.
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products can be processed in Hawaii and marketed. They are, first, the cost of
meeting FDA. requi~ts when the raw materials are on hand; seaond, gettirg
enough raw materials for research now and for supplying the market in the
future.

Hawaii ' s Keahole facility is readily available and could play a
signif icant role in facilitating vms and develops involving seaweeds.
It has two advantages at least: one is the possible availability of state
funding, which could reduce all but the operational costs; the other is the
availability of adjacent low-cast sites for the commercial production of the
algal materials. 'The chances for su~ at each scale-up stage are greatly
improved when all the R 6 D is done with the same water supplies, environments,
and sites.

Use of this suggested Keahole phycological facility should be
encouraged, for significant medical advances would be likely to develop from
it. The endemic Hawaiian sea~ ~d be cultured, and when physiologically
active substance~ are discovered, the researchers should encourage culturing
the seaweeds and should plan the steps to commercial production. The
University of Hawaii is known world-wide for its natural-products chemists,
algal ecolcgists, and ptermacologists who are recognized for their past and
current innovative work with sea~. The facility might well provide
academic support and free or law-cost facilities for rea~~ch on Hawaiian
seaweeds.

FDA Status of Eztractives

Red and brown sea~, including those containing algin, agar, and
carrage~, have been eaten as food for many centuries. During the past 30 or
more years, leadirg producers of these extractives have ccmpleted extensive
toxicological tests, further veri fyirg that these seaweeds and their
extractives have not been found to cause health problems.

The FDA has classif ied algin, agar, and carrageenan as "Generally
Regarded as Safe". This permits their use in all foods. G~merally, one or
more of the seaweed extractives is included as an optional ingredient in those
"standardized" foods that contain water, if the quality can be improved through
the incusion of a water-soluble colloid.

'The Federal Register of April 1, 1980, Section 32, CFR, records the
FDA' s rulings and approvals as of that date regardirg seaweed extractives as
follows by paragraph:

182, 7133 Ammonium alginate
182, 7187 Calcium alginate
182, 7234 Sodium alginate
182, 7610 Potassium alginate
182, 7255 Chondrus extractive  carrag~!
182, 1155 Agar

Q~~mtly there is no reason for concern about the FDA. status of these
three natural products. However, for reasons already explained, an up-to-date
FDA evaluation is rmmmmmded before any substantial capital expenditure is
~tted.

In a subsequent section on carrageenan, we describe a product known as
"alkali-modified carrageenan." %he FM questions whether this product conforms
to the definition of carrageenan. This point should be evaluated and clarified
before significant experxlitures are ~tted to the production of this type of
product.
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General Discussion

All seaweed extraction planta, wh«~er promasirrg algin, carrag~, or
agar, have a numb. of common requireNents. They use large volumes of fresh
water. 'Ihey are energy-irzb~wsive and must dispose of large quantities of waste
water and non-toxic solid wastes. When in operation, they generate a mild
seaweed odor which may be a problem in urben envirorm~mts, but is never a
problem in sparsely settled areas. Moat plants run 24 hours per day, 7 days
per week, and produce seve. noise at all times; this could also bemme a
problem.

The high concentration of valuable colloids in dried seaweed, i.e. the
value per ton, ma3zm it possible to transport them long diets~~ before the
cost b~~m a serious econcanic factor. Similarly, the needed reagents can
also be transported long distances. 'I%us, an exaction plant can be located
in a rural or semi-rural area to utilize such advantages as lower taxea,

disposal, and reduced prcblems with errvircrrrrmn'tal impact ~ts. Frer~atly
labor costs in a more reaerte area are lower than in highly urhan districts. No
site was found on the island of Oahu which of fered ~titive costs and
conformed to the requi~ts covered in the first paragraph.

A pmrnising potential plant site lies a few miles southwest of Pahoa on
the island of Hawaii. This Pahoa area has smreral drilled geoth~ wells
which can provide the heat, energy, and water needed for the extraction of
colloids from seaweed  Figure 5! . The water issuing directly from the
geothermal wells is a brine  Table Q!; the water condensed from the steam is
nearly distilled water. 'Ihe geoth~l wells are in an 80- to 100 � inch
rainfall area and, though the~ are no nearby streams, well water is readily
available. Suitable plant sites havirxy road access, ample fresh water, and
waste water disposal capabilities are available. Solid waste can be placed in
near!~ dumps. ~ are competitive, and environmenta1 impact would be
nCinimal.

Table Q describes samplings of the brine issuing under its own pressure
from the state's e>~~alimental well, "HGP-A". In such young wells, the water
quality char~ca with timbre, and different ~ry wells in the same field yie1d
different values. 'There are considerable difference+ in data deperxlirxy upon

Plant construction «usta wmQd probably be sornervhat higher than on the
mainland. 'Ihe ~Boned, or soon-to-be-abandoned sugar~ processirx3 mills
within a few miles of Hilo were considered and ins!pected by air, but the idea
of their conversion and use was rejected in favor of constm~ng a new plant
at a geothermal energy site. 'Ihe cost of a plant in the present geothermal
area would p~ly not detract unduly from Hawaii's ~titive position in
the world market.

Geothermal energy and fresh water are both available at low cost on the
island of Hawaii; ta!~ advantage of these opportunities would result in
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substantial savings in the extraction of products fram seaweed. Large amounts
of water, steam, and electricity are needed. In general, the costs for water
and energy for algin fall between 5.5 and 6.54 of the selling price �8 to 19
cents per lb. of extractive! . Similarly, the cost of water and energy for agar
is 10 to 12>, while carrageenan requires 20 to 25% �0 to 80 cents per pound! .

The impact of geothermal enercp on seaweed processing in the area below
Pahoa is covered more fully in the processing discussion for each extractive.
However, we should note that though several privately sponsored geothermal
wells have been drilled and tested successfully, the data from them are held in
conf idence while proposals are being developed for their precise applications.
The one operating state-owned experimental well, HGP-A, is one of the hottest
geothermal wells in the world, with the brine at the mile~p source level
�,966 meters! reaching a temperature of some 358 C, and the field possibly
containing 50,000 megawatt years of energy.

At the well head, the hot water from HGP-A flows to the surface under
its own power under conditions controlled for the production of electrical
energy. Some 2.4 megawatts of this energy have been passing into the Hawaiian
Electric C~y's power grid for about three years, with a certain additional
amount being used on site. This represents about half of the available energy;
the rest is residual heat in a brine which is similar to 50% sea water. The
brine is a waste product of the electrical er~gy groduction; it is disc?~ed
at the rate of 22,722 kilograms per hour at 187 C and 10.9 kg/cm, the 17.9
kilojoules per hour being the energy equivalent to about a million dollars of
oil per year  Takahashi, Seki and Chen, 1985! . Fresh hot water is also
available fram condensation of the pvwer plant steam.

'Ihe island qf Hawaii has an excellent port at Hilo, which could receive
imports of seaweed. Good roads exist between the port and the industrially
zoned area near the geothermal wells. An adequate supply of skilled and
semi-skilled labor is available, due to the gradual reduction in sugar mill
activity in the area.

Local wage rates appear to be 15% to 25% less than the rates for similar
skills in Honolulu; San Diego  Kelco!; or Rockland, Maine  Marine Colloids! .

Table P. 'Ihe Hawaiian Geothermal Applications Program

More than $30 million has been spent so far to develop
geothermal energy on the island of Hawaii. The first well, completed in
1976 at Puna, has a bottomhole temperature of approximately 358 C,
making@ it one of the hottest geothermal wells in the world.
Conservative estimates indicate that the Kilauea East Rift zone has
50, 000 megawatt � years of available energy. 'Ihe geothermal power plant
at Puna generates 2.4 megawatts of electricity, which is transmitted to
the electric grid of the Hawaiian Electric ComIm>y. Following the
success of the Puna geothermal power plant, several wells were drilled
nearby by private campanies.

Considerable heat is wasted when geothermal fluid is used only
for generating electricity. For ~le, at the f irst Puna well,
approximately 22, 722 kilograms per hour of 187 C geothermal water are
discarded. This hot water is available for experimental or business
use.

In 1984, the state of Hawaii released $325, 000 to build a
facility at the Puna well to investigate applications of geothermal



energy; one area of research will be dehydration of aquacultural
product
 Summarized f rcan a report with the same title by Patrick Takahashi,
Arthur Seki, and Bill Chen, 1985.!

~Table . Gmth~oal Enemy and Water ~ly Data. Tbe data were
provided by Dr. Donald M. Thcmas, University of Hawaii, from work under
State Eepartmj~~t of Eco~~d.c Develops nt Contract $12892.

A. Neasurements of the Brine, Dec. 1, 1984.
PARQKTERS

Temperature:
Pressure:

Conductivity:

IT%: 15, 800 It@/'L
pH: 6.6

L

CO3 . <0 . 1  as CO~!
HCO3- .18.5  as K3!
Br' 44  +4!
Cl : 8968

Total Carbonate: 18.5  as C02!

NB~4. <0.01  as N!

S: 5 +4!
SO4: 24  +4!
F: 0.25 + 0.10!

B. Nancondensable Gas Concentrations in the Ste~

Carbon Dioxide
Hydrogen Sulfide
Nitrogen
Hydrogen
Helium

Ag:
Al

As:

Ba:
Ca

Co:

B

<0. 010 Cr:

0.1 CLI:
0.09 Fe:

4.6 Hg:
358 K:

<0.001 Li:

4.3

<0.001

<0.002

<0.010

<0.050

756

1.1

Mn-

Mo:

Na:

Ni:
Eb
Zn'

0. 26

0. 21

<0.001

4927
<0.010

<0.010

0.016

Sb
Si.
Sn:

Sr:

Tle
V

1200

900

125

12

0.54

0.6

386

<0.020

6.5
<0.003

0.002
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~Table .  continued! . Gent'benaal Inertly and Water Svgyly mta.

C. Chemical C~OSition of the GeatherIm& Brine, l984.

zan>ENr

OR

Antinomy
Barium
Boron

Calcium
Carbonate
Chloride
Cobalt

Copper
Gold
Iron
Lithium

Magnesium
Manganese
MBrcuz f
Nolyb9enum
Nickel

<0.002

2

2

2l8

75
7200
0. 014
<0. 004

<0. 00004

0. 02
0. 034
0.131

0.034
<0.001

0.067

<0.02

Niobium
Phosphorus
Platinum
Potassium
Silver
Silica
Sodium
Stvmtium
Sulfate

Sulfide

Tantalum

TlIl

Titanium
Uranium
Vanadium
Zinc

j~ mg,Q~

<0.4

0.2
<0.006

600

<0.02

800

3700

2.0
50

l7

<0.001

<0.2

0.006

O.l6
0.016
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Table R. Minimal Requirements for Profitable ~tion of an
Extraction Plant. Estimated.
 Assumes standard ccanmercial~de products.!

a. Minimal weights of seaweed  in tons!
Algin-yieldirg Carrageenan-yielding

Wet Wet

460-700 10,000-12,000 2,100-2,400
9g 000 10~000 2~200 2 500
9g 000 10~ 000 2~ 100 2 p 400

Agar-yieldirxy
Wet

Iridaea

Gelidium
400-600
400-600

2,000-3,000
2,000-3,000

b. Extractive production: mi~nal range
BEGIN

 continued on next page!

Kelps 4,600-7,000
Eucheumas

~Gl. Ar:llM

Tons � metr ic prcduction
Pounds

Price per pound � range
Pr ice per pound � average
Sales

Tons � metr ic production
Pounds

Price per pound � range
Price per pcs'. � average
Sales

j�00 � 1,500
2 g 200' 000 3 I 300 ~ 000

$2.00 � 5.50
$3.75

$8 250' 000 12 ~ 375' 000

100 � 150

220' 000 330' 000
$6.00 � 7.00

$6.50
$1 ~ 430 ~ 000 2 ~ 145 ~ 000

600 � 800

1 I 320' 000 1 760 000
$2.60 � 6.00

$4.00
$5,280,000 � 7,040,000
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c. Minimal investment

Land, Buildings & Utilities;
Harvesting Equipment & Organ-
ization; Engineering; PraMW
Development; Equipment; Start-
up Costs; Raw Materials &
Reagents; Finished PDoduct
Inventory; P~. Receivable;
Operational Cash; Miscellaneous

1,000 Tons 9$5,00:
$11, 000, 000

600 Tons 9$8.00:
$10,560,000

1,500 Tons 9$4.50:
$14,850,000

800 Tons 9$7.1.0
$12 ~ 500 i 000

Land, Buildings & Utilities;
Harvesting Equipment & Orean-
ization; Engineering; Product
Development; Equipment; Start-
up Costs; Raw Materials &
Reagents; Finished Product
Inventory; A~. Receivable;
Operational Cash; Miscellaneous

100 Tons 9$5.10:
$1, 120, 000

150 Tons 9$4.60:
$1,518,000

Estimated Capital per Found Capacity:
ALGIN $4.50 � $5.00
G&55&EENM $7.10 � $8.00
AGAR $4.60 � $5.10

Table R.  continued!
Minimal Requirements for Profitable Operation of an &~ction Plant
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AGAR P$GIWSSING

Overview

Figure 1 shawm that agar production has been subject to cyclical
fluctuations. 'these up-andMawn cycles were caused by variations in demand
for, and supply of, the raw material. For example, agar production reached a
cyclical law point of about 1,200 to 1,500 tons in 1960. This was caused by an
increasing shortage of the sea~ Gelidium, which was the main raw-material
source of agar during the previous years. The shortage of Gelidium caused a
sharp price inco~rse. The resulting high prices for both Gelidium and agar
caused a sharp decline in demand, which reached a low point in about 1960.
This, in turn, resulted in a surplus of agar, followed by a surplus of Gelidium
during the years of 1959 to about 1963. ~ was a concurrent decline in agar
prices during this period. This low price again attracted an increasing number
of new cust~, and the cycle was repeated.

Beginning in the mid- to early 1970's the red algal genus, Gracilaria,
became an important source of agar, and within a few years it supplanted the
traditional Gelidium. The rew agar sour' also provided an additional agar
grade, the sugar-reactive agar. Before this, only two grades had been
available, the food  or standard! grade and the bacteriological grade.

'Ihe characteristics of the third, "sugar-reactive, " grade are
explained as follows: agar fram Gelidium and fram the cxnmnon agar weed
Pterocladia, often confused with it, loses gel strength with the addition of
almost any significant amdt of sugar, but it remains brittle. Hawever, many
Graci 1 aria species produce "sugar-reactive agars, " agars that retain gel
strength with the addition of sugar, at least up to 75 grams per 100 ml of 1
percent agar gel, and they beccze elastic. These latter Gracilaria species
producing the sugar-reactive gel bring the highest prices of any agar-producing
seaweed.

Gracilaria species producing sugar-reactive agar have created a d~
in a rnrmber of areas, such as the baking industry. 'Ihus Gracilaria relieved
the shortage of the traditional seaweed sounxe of agar, induced the current
high demand  Figure 1!, and helped stabilize the market. Hawaii has wild
Gracilaria species that produce sugar-reactive gels, a point favoring Hawaii as
a site for processing agar if the production of this seaweed can be increased
to an appropriate volume.

'Ihe list of uses for Gelidium agar cont~ to grow. Included in
this group is the high-priority use for bacteriological analysis. Other
substances requiring Gelidium agar properties are ~es, dessert gels, canned
meat, and various media for grawirg and culturing larvae used for controlling
insect populations. These uses, particularly the bacteriological one, which
naw requires an estimated 1,000 to 1,200 tons annually worldwide, are grawirxy
at an estimated rate of 8 to 12% annually.

Historically, agar prices have generally reflected the fluctuations of
supply  Figure 1!. For example, the price of food~de agar in 1966 to 1970
was about $3.50 to $4.00 per pound. In 1973 to 1974 prices declined to around
$2.25 to $2.50 per pa.md. In 1980 to 1981 food~de agar prices had irxzeased
to $8.00 to $9.00 per ~, whereas on Septeanber 30, 1983, food grade agar was
selling for $5.25 to $6.25 per pound. Compared with 1973 to 1974, c~~~t agar
prices have ~~sed by 50 to 75% due to the effects of energy costs and

flation. Consecpently, it is estimated that agar is naw at the low point of
a minor cycle.
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However, due to the increasing availability of Gracilaria and the
ability of processors to use it to produce extractives that are suitable for
use in foods and industry, the world may have seen the last cyclic change in
agar prices. Furtherrmre, it is estimated that agar sales will now move
generally ugxrard with little of the price cycling of the past, until the volume
approaches that of carrageenan. It is estimated that the price of food~de
agar will stabilize at about 55. 00 to $6. 00 per pcs' based on the current
economy, whereas bacteriological agar will probably stabilize at a price of
$9. 00 to $12.00 per pound, dependimy upon the availability of Gelidium and the
degree of refinement of the agar.

Production

As mentioned in previous sections of this report, agar seaweeds do not
concur in Hawaii in quantities sufficient for economic agar production. In all
probability they can be "farmed" in suitable locations, but cost-effectiveness
remains to be proved. Hawaii probably has suf ficient area. Yet, of the agar
weeds, satisfactory farrrung methods have been found only for Gracilaria. These
promise to produce at least 1 kg dry weight per square meter of farm per year.
However, meeting the demand of the agar market takes several kinds of seaweed,
each producing a dif ferent quality of agar, and none of the bacteriological
Gelidium � type seaweed sources has been farmed satisfactorily as yet, nor have
the species producing sugar-reactive agar. Thus, at p~t no one knows how
many hectares are required to support an agar industry other than for
food-grade agar. That would be about 400 to 900 hectares, if the plant is to
~te.

Any agar produced in Hawaii at present would have to be extracted from
imported dried seaweeds from a variety of sources. As indicated earlier, most
manufacturers of agar import their raw material from numerous, distant
countries. Even though delivery to Hawaii might cost 575 to $100 more per ton,
the increased price of the agar would only amount to about 17 to 19 cents per
pound on a product that sells for $6.00 per pound. This would not impose a
significant disadvantage on a producer located in Hawaii.

Agar for bacterial uses has rather formalized, rigid specifications
relative to melting and, especially, gelling temperatures. There are also
specifications with respect to clarity, syneresis, and residual salts. As with
most products of narrow specifications, bacteriological gel is finally marketed
as a blend. The current prices �983! of $10 to $13 per pound in large
wholesale lots are about twice those for food-grade agar.

The use of wet, freshly-harvested agar seaweeds is not advantageous.
Atmospheric drying in sunlight enharms the extractability and quality of the
agar. Manufacturers generally urge their seaweed suppliers to dry their
seaweed in bright sunlight to a moisture content between 14 and 18%. The whole
seaweed is normally baled before delivery to the manufacturer.

Process ' Ste

Figure 11 is a flow sheet showing the sequential steps o f agar
processing. The ~rs appming by each of the following sections correspond
to the numbers appearing in the flow sheet.
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The inventory is usually stored in dry, well-ventilated sheds located
adjacent. to the production line. 'Ihe presa' bales are normally stacked to a
height of 10 to 15 feet. Aisles are left between the stacked raws so that any
stock is available.

An acceptable minimal inventory covers extraction ~rements for six to
twelve months. The agar content of well~ied seaweed is quite stable; this
permits holding the inventory without degradation of the agar content.

Generally about 12 to 15 square feet of floor space are e~hd for each
ton of seaweed inventory. 'Ihis includes the space for the aisles.

2. Washinc 
It is essential to remove the high pera~wtage of soluble salts contained

in the seaweed before the agar is extracted. This may be done by placing the
seaweed in open-mesh, stainless-steel baskets, which are then placed in holding
tanks where rapidly circulatirg cold water removes the salt. At this point,
same seaweads may require treatment with a warm NaCH solution. Therefore,
the rinse tanks should be equipped with steam jackets or other devices for
heating the water.

3. Extmction
After salt removal, the baskets are transferred to stainless-steel

pressure vessels f illed with fresh water. A stem j acket or coil
that can raise the temperature to between 100 C and 115 C is ~red. A
ste~genemtirg boiler is normally used as the scam of the stem. A
circulating pump is also needed. to speed uniform heat distribution.

The pressurized hot circulating water @amies the agar from the seaweed.
Once the extraction is ccarplete, the resultirxy liquor is puropA into a holding
tank. The baskets of spent seaweed are then remcmed, using a track hoist.
Under same conditions, the spent weed can be sold as a fertilizer or as a
soil-building additive.

4. Filtration
As the liquor leaves the extracting tank, it is pumped through a basket

strainer or a centrifuge to remcwe macrceaopic matter. Next it goes into a
heated holding tank proveded with an agitator. Again a ah~~ jacket or coil
maintains the temperature of the liquor between 80 and 90 C. Once in the
holding tank, a filter aid  diatamacecm earth! is added to the liquor under
good agitation. 'The resulting slurry is circulated between the holding tank
and filter until a clear filtrate is obtained. 'Ihe clear liquor is then pumped
to another holding tank.

5. Gelation

 a! Refrigerated-Water Method: Liquor is pump& or gravity-fed onto
a moving stainless steel continuous belt with curbs at the sides. This belt is
cooled fram the underside by a spray of refrigerated water. A refrigeration
system remcves acquired heat from the cxmling water and readies it for reuse.
The hot filtered liquor has cooled and gelled by the time it reaches the end of
the belt; there it is diced mech-apically into a hcgger below.

 b! Ambient Temperature Method: 'Ihe liquor is gelled at mbient
temperature in stainless steel trays or pipes. %he gel is diced manually, and
gel cukm are loaded into a hopper. In yet-more-primitive plants, the agar gel
is caused to solidi fy and is then cut into narra' strips. ~ methods
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require manual labor, more time, and considerable space.
 c! Freezing Nethod: Agar coal~ and tends to separate fram water

when the gel is frozen. When the cambination is thawed, the soft concentrated
agar gel remains behind while most of the water drains away, carrying with it
dissolved impurities such as sea salts, etc. 'Ihe classic method took advantage
of this phenamenon by preparing the agar gels during seasons of the year when
the ambient temperatures at night were ex~ed to fall below freezing.
Alternatively the agar gel may be frozen by lawering cans full of gel into a
tank of brine which is below 0 Centigrade. A refrigeration system produces
and maintains the freezing temperatures of the brine.

When the cans or trays of liquor have been frozen throughout, they are
rimed fram their freezirg brine environments, artificial or natural. If the
agar is frozen when remcved fram the containers, it may be coarsely ground in a
crusher and abated for thawing, or the frozen block or strips may be sized
one way or another, or thawed in bulk form.

This freezing-and-thawing method is slower, and if artif icial or
mechanical ref rigeration is used, it is more energy-intensive. However, the
resulting product is purer than that of the alternative methods. I f a
bacteriological-grade product is sought, this method is highly recammended.

The gelled or frozen-and-thawed agar is drained and dried after the above
processes. The natural way of dryirxy is the simplest: merely expose the
strips or cubes of thawed, drained agar to hot sunshine. This method is often
used in regions of the world where hot, sunny weather is usual. 'Ihe roofs of
the p~~ssing plant are sometimes used for drying, though racks on the grounds
of plants are comrmn.

The more modern alternative, using ele<~-~nical drying methods, is
more exg~sive, but it allows operation throughout the year and yields a
cleaner, more predictable product. In this process the granules, cubes, or
strips of drained, thawed, wet agar are loaded be~ leaves or ccer.se cloths
and crushed in a hydraulic press to remove the bulk of their water. The
resultirg agar may be dried directly to produce a crude finished product, or it
may be refined further to meet. the customer's requi~ts. In any case the
agar may be given its final drying in one of the follawing types of dryers:

Conveyor dryer
Hot air bed dryer
Tur~ dryer

All of these artif icial drying systems require hot air and bl~. A
steam-loaded heat exchanger is best suited to produce the hot air, since steam
is already the heat source for the rest of the process.

7. Purification
Rinsing and bleaching the agar gel during or before step 6, f igure 11,

help renme water-soluble impurities and decolorize the product. The nature of
the desired final product dictates the degree to which this step is performed.
An agitated holding tank is utilized for rinsirg and bleaching.

The agar can be bleached by adding sodium hypocIQorite solution to f ill
the rest of the tank. When bleaching is complete, the solution is neutralized
and drained. A final rinse removes unAented residual bleach and neutralizer.
Fresh or reverse osmosis water is used for this final rinse, depending on the
amounts of calcium or sodium desired in the final product.
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Estimated t Costs

Obviously, any estimate of operatic costs is subject to variations in the
costs of raw materials, chemicals, transportation, enemy, depreciation of lard
and plant, constv.rction costa, size of the operation and the degree and method
of processing. Table S estimates costa based on 1983 conditions in Hawaii and
Taiwan. These estimates cover one plant for 125 tons and another for 300 tons
of annual production.

Table S. Estimated Production Costs of Agar, Based on Imported Seaweed.

Exist ' Forei Plant a! Hawaiian Plants
Usually oil heat Oahu: oil heat b! Hawaii: geo-

thermal heat  c!
125 Ton 300 Ton 125 Ton 300 Ton 125 Ton 300 TonCost Items

$ 2.10
.53

Raw Naterials $
Chem & Packaging
Variable ~y
Water

Waste Disposal
Naintenance

Wages & Fringes
Depreciation:

Equipment, etc.
Geothermal Plant

ReaearW & Quality
Control

Sales

General Admin.

$1. 65
.53

.48

.06

. 04

.15

.45

2. 10 $
.53

.51

.06

.04

.17

.61

$2. 10
.53

.25

.02

.02

.17

.61

1. 65

.53

.51

.06

.04

.17

.61

2. 10

.53

.48

.06

.04

.17

.45

.02

.02

.17

.45

.38 .45 .38

.16

.45 .38 .45

.16

.38

.38

.20

.44

.44

.16

.38

.38

.20

.44

.44

.20

.44

.44

.16

.38

.38

$ 5.55 $ 5.13 $ 5.23 $ 4.75

$ 5.25-$ 5.40 $5.25-5.40

%FATAL COSTS $5. 10 $4. 66
ESTINATED WHOLE-

SALE PRICE $ 5.25-$ 5.40

 a! Cost of raw materials tamed on ~Gracilar'a imported at $950 per ton FOB
Taiwan, with estimated average yield of 26%.
 b! Cost of raw materials baaed on imported Gracilaria at $1, 200 per ton,
delivered, with a yield of 25%
 c! Estimated costa for drillirxy and utilizing a geothermal well are
$1,250,000. The well will normally last 10 to 14 years, resulting in an annual
depletion cost of about $100,000 per year. Wis depletion would cost the
125-ton agar factory about 36 cents per pound and the 300-ton agar plant about
15 cents per pound.

8. Dr~~/
This may be abolished by runs of a heat exchanger and blower.

9. Packs~
Once dried to an acceptable level, the agar can be packaged for sale or

ground in a mill. 'The g~A~d product may be st-mdardized by blerxiing. In
wholesale quantities, it is usually sold in fiber form or packaged in bags.
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The estimated costs for bacteriological agar are not included, but this
grade costs more because it requires more ref inm~~t than standard ccaomercial
agar. Although the p~msses are ~tially the same, ~in steps must be
repeated to ~~ease its purity. Bacteriological agar must be made from
Gelidium to obtain, among other things, the capability of suspending in water
at aver 90 C and settling at about 40 C. It must have a very law residual
salt content, and the gel must be transparent. Standardization of gel
strength, solubility and other aspects of quality corrtrol must be more
precise. To meet the specialized requirenmts and more rigid specifications,
the cast of producirg and marketing bacteriological agar ally runs 35 to
504 above that for other commercial agars.

In the cost analysis, Table S, two plant sizes  production volumes! have
been used. The 125 � ton operation is about the minixmxm size that can be
economically viable. 'Ihe 300-ton size is estimated to be close to optimum.

It appears that plants located near or at the existirg government
geothermal wells could purchase their heat and m~mgy m~irements at about 504
of the costs of an oil-based plant. Consecpently, we assume that energy for
the 125-ton geothermal operation is purchased at half the costs shown for the
Honolulu or foreign plant. While no m~y cost is included for the 300-ton
geothermal plant, an increase in depletion by 16 cents per pard is included.

Discuss ' on and P~ommendations

American Agar Campeny in San Diego has already detee~A that it cannot
import Gelidium or Gracilaria sea~ and produce ~titively-priced,
st,mdard-grade agar. It now praduc~ only bacteriological grades for its
interrml fabrication into complex media formulations. 'Ihe present survey
revealed that costs in or near Honolulu are apprm~tely identical with those
in San Diego, Los Angeles, or other large U.S. cities for water, land, labor,
building rent, oil for energy, taxes, waste disposal, etc. Reagent prices seem
to range about 5 to 8% higher in Honolulu. Note that standard-grade agar could
not be produced profitably in a 125-ton capacity plant in Hawaii using oil as
fuel.

'Ihe labor and management costs shown in the foreign plant estimates may be
inco~. These costs will vary fram country to country. It is almost
certain that labor costs in Taiwan will be 15 to 20 cents per pom9 less than
the 61 cents shown for California or Hawaii.

The low cost of the raw materials shown in the foreign plant estimates
results from the low cost of ~Grac laria 'farmed in Taiwan. Until some other
area is able to produCe the large VOlume Of farmed ~GraC Iaaf required tO
supply a 125-ton plant  same 500 tons per year!, establishment of a new
extraction plant may not be justified.

As mentioned in other perts of this report, we believe that agar sea~,
~ially Gracilaria, can be farmed in Hawaiian waters. If this proves
possible, it may enable a plant situated within the geothermal belt near Pahoa
to be a significant su~ in the growing agar industry.
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ALGIN rsmXSSlm

Overview

The cell walls of brim algal seaweeds, in addition to their cellulose
f iber, contain complex mannuLnnic/guluronic salts separable as alginic acid.
After these salts are extracted and refined, they are marketed under the
generic name of algin.

Commercial algin was f irst produced in signif icant quantities in 1929 or
1930 in San Diego, California, by the Kelco Ccztyar~. Initial development of
technology and sales was slaw unt.il World War II, when shortages of other
colloids created a demand for algin. In general, the demand for algin held
steady after World War II and then grew with new uses for algin in fields such
as ice cream, textile printing, paper sizing, etc.  Figure 1! .

Shortly after World War I I, other producers of algin began to appear,
particularly in Maine, England, France, and Norway. Within the last 5 years,
extraction plants have appeared in Japan and China. Campetition among these
plants has been reviewed in prior sections.

Algin extractors may use either wet or dry kelp as their raw material. In
practice, all major kelp extractors rely on bath sources. For example, when it
is available, Kelco obtains 80 to 100% of its algin products fram freshly
harvested wet kelp. Their subsidiary plant in England, Algin Industries, Ltd.,
obtains an estimated 50% of its products from wet sources and the remainder
from imported dry seaweed. In general, the algin extractors use as much wet
seaweed as they can obtain from local so~ and augment this with dry seaweed
to meet their requirements. Obviously, the percentage of dry seaweed posed
varies fram year ta year, depending on the availability of wet weed.

All algin extractors, with the exception of the newly-starting Japanese
and Chinese plants, depend entirely on wild sources of brawn seaweed which
abounds in many parts of the world. There have always been sufficient supplies
for those manufacturers willing to use a combination of wet and dry sea~.
Large untapped reserves are available from such countries as Chile, Australia,
Iceland, South Africa, and Argentina. Zach of these countries is capable of
exporting hundreds of thousands of tons of dry kelp, and 2, 500 tons contain
roughly 1,000,000 pounds of algin.

Two factors have nat been taken into consideration in speaking of the raw
material supplies for algin extraction. First is the decline in the standing
crops of the kelps providing the raw materials for most of the North American

Paci f ic during the recent decades. The precipitous loss of most of the
Lessonia standing crop in Chile during the 1983 � 84 period of el nina conditions
has eliminated what was perhaps the principal back-up kelp supply. Second is
the development of farming of Laminaria ~arnica off the coast of China, with a
production of more than 25G,OOO dry tons per year. Shipments from this area
have pravided raw material f ill ~ the gap caused by the declines in the

of it has been possible for the present report.
At the present level of sales, there is no danger that the algin industry

will be short of kelp in the foresee~le future. There is a substantial
international trade in dry kelp, as shawn in Table D. Although dry kelp
purchases vary fram year to year, the estimates shawn in Table D may be
regarded as typical.
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~ction

Algin is marketed in three major forms:
Paste prcducts
Alcohol~ed or acid-precipitated products
Modif ied alginates

'Ihese thL~ products provide the highest market voluna of any algal
hydrc~lloid prc~ct  Table T! . The estimated sales total is about the same as
the production estimate ahem in Table O. The estimates do not take into
ace=ant the Chinese production, of which 400 tons per year are now entering the
U.S. and about 3,000 tons enterirxy Europe and 'Ihird World oountries. It is not
yet possible to identify how all the Chinese algin is being used, since China
only recently en~~ the market. 'The Chinese may have created some new uses,
or their product may have displaced existing busine:~.

~Tsb e T. World Uses of Algin in Tons

Algin type and use U.S. &

Canada
European Japan

Area

Paste types
Textiles

Paper
Miscellaneous Other

700 600

250

300

250

100

400

800
1,000

800
700

900

Alcohol-Washed or Acid-

Precipitated
Elreaded Foods

Food Gels

Ek&~ Products
Miscellaneous Foods

500

200

200
500

100

300
300

600

300

100

400

100

200

Propylene Glycol Alginate
Beer

Salad Dressings
Other Food Emulsions

FLavored Drinks

Miscellaneous Other

900

500

200
200

800

300

300
100

100

100

100

100
100

200

100

100

6,500 4,400 2,100 1,800

Un!norm  ~ired to balance
estimated total usage of area! 600 6002,400 1,200

ESTIMATED TOIiW M!RID SAIZS

�9,600 KNS! 7,100 6,800 2,700 3,000

%he cost of one pm' of algin in f rely harvested kelp, before
extraction, ranges between 25 and 45 cents, delivered to the extractor's
plant. 'Ihe cost for one pounti of algin in imported dry seaweed delivered to
the plant ranges bet@~~ 90 cents and $1e10 per pc<md.
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The flow sheet describing algin production  Figure 12! includes a segment
showing the production of paste-type acts. These were the f irst alginates
made, and for this reason they have been generally considered the s~9av9 for
quality. Paste products can also be divided into two sub-qualities- � one
designed for food and the other for industrial purposes such as textiles, paper,
etc. Paste products are currently selling at $2.50 to $2.70 per pound, which is
about $1.00 to $1.50 per pound cheaper than the alcohol-washed product.

Steps in Algin Processing. Plant I: Steps From
Harvesting Through Serge Bin

Sea going vessel - direct delivery to plant OR
collection. sun-drying and baling manually.
Ocean shipment to plant. Mechanical drying in
some cases.

Kelp Strande Cut tO apprOXimately 2-3-meSh
particles,

Ground kelp pumped to vertical tanks. Approxi-
mately 3 days storage.

Kelp is leached with two parts of hot water in a
counter current system.

Klgin is solubilixed by the addition of a sodium
carbonate solution. A thick paste is formed.

The algin paste is mixed with hot water to form
a solution suitable Eor clarification.

Insoluble materials are removed from the dilute
alginate solution by filters or centrifuges.

Calcium alginate is precipitated as a fiber by
the addition of an excess of calcium chloride.

Dewatered calcium alginate is reacted with
hydrochloric or sulfuric acid to form more
reactive alginic acid - still in fibrous Eorm.

Excess free water removed from alginic acid,

The alginic acid is stored for later conversion
to the various salts of alginic acid or modif ied
to propylene clycol alginate,
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The proportion of paste products sold, when ca~d with total algin
sales, varies, fram country to country. In the North American market, we
estimate that be~~ 25 and 30% of all algin sales are of the paste type.
The proportion is substantially higher in other countries, where a higher
proportion of algin is used for industrial purples. The alcohol-washed or
acid � precipitated alginates are more highly refined than the paste products
and usually sell for about $1. 00 to $1. 50 per pound more. By far the
largest proportion of this type of product is used in food, totaling about.
25 to 30% of all sales.

Algin can be modified, and the most popular modified product is
propylene-glycol alginate, which normally sells for around $5.00 to $6.00
per pound. In the United States, roughly 40% of all algin sales are
propylene � glycol alginate. Sales of propylene~lycol alginate are small and
unimportant in other parts of the world except in Japan and Canada.

Propylene-glycol alginate can withstand lower acidities than other
alginates, an attribute which gives it a wider profile of food uses. In the
United States, Canada, and Japan, large volumes are consumed in salad
dressing, fruit-pulp suspensions, flavor emulsions, beer � foam stabilizers,
industrial suspensions, etc.

titionSales Methods and

mentioned previously, ~ are neither published data pertainirxy to
quantities and types of algin produced nor inforxnation on how much is used by
any particular industry or major account within an industry. People skilled in
the seaweed industries can make estimates which may approximate the current
sales volumes.  See Table O.! Therefore, the followirxy estimate is presented
with this precautionary remark: although the estimate may not be accurate, it
can contribute to an understandirg of markets and uses of the product.

There are four principal producers of algin in the world: Kelco Company
in San Diego, California; CECA, S. A. in France; A. S. Protan in Drammen,
Norway; and Algin Industries, Ltd., England  ~ by Kelco San Diego! . Kelco
 San Diego! and the English plant each produce between 6,000 and 7,000 tons of
algin per year; CECA's volume is about 2,000 to 3,000 tons; and Protan xnakes
between 3,000 and 4,000 tons annually. Nova Scotia has one plant ma3~p about
1,000 to 1,200 tons annually, and Japan has two plants making a total of 500 to
1,000 tons per year.

At this time we cannot estimate the impact the Chinese will have on the
market. It appears that their government curv~mtly subsidizes the kelp farms,
thus assuring delivery of cheap raw materials to the extraction plants.
Obviously, the established major producers will have to cope with Chinese
prices. It seers probable that the existirKT producers will not. make a
satisfactory profit for the next several years.

Considerable variation in prices exists axnong the manufacturers of
alginates. The following illustrates current price competition: one maj or
producer is charging $4. 50 per pcuml for an alcohol-washed product used in
battered food coatings; two other companies are of fering products having
approximately the saxrM physical and ~cal prcperties and designed for the
same use at $2.85 per pound. Similar disparities in prices for products having
approximately equal properties are occurring with increasing frequency. We
~pe& that China's entry into the market will exa~te the situation.



One competitive aspect of sales for both algin and ~g~ must be
errptmsized at this point. The four major algin producers obtain roughly 50: of
their sales fram about 10 to 20 of their large-volume products, which are sold
to their 50 top custamers. The remaining 504 of sales is derived from the sales
of 200 to 300 small, specialized products. It is quite dif f icult for a
manufacturer located in Europe to sell these small, specialized products in
North America. Li3cewise, it is difficult for the American manufacturers to sell
small � volume special ized products in Europe. For obvious reasons, maintain
an inventory of rnmemm.m small-volume products can be costly and dif f icult to
manage, especially i f the producer is distant fram the market. A local
manufacturer can produce this type of order upon receipt, eliminating the cost
and need for maintaining an inventory. Although specialized, small-volume
products sell for 25< to 2004 more than large-volume "standard" products, a
foreign supplier has difficulty meeting the corqmtition of the damestic producer
for small � volume specialized products.

In a prior section of this report, attention was cal.led to the competition
between algin and the synthetic gums and fermentation gums such as xanthan and
gellan. There is also some ~tition between algin and one natural seed gum,
guar gum. Guar gum is presently selling for around 80 cents per pound, and
approximately 30 million pounds are used annually in the United States. Guar
and alginate compete for some of the same uses in textile printing, paper
sizing, and a variety of focd uses. Usually 2 to 4 times as much guar is
required to achieve the same effect as algin; this permits algin producers to
compete with guar producers. Despite the f act that some accounts change back
and forth between algin and guar, volume of production remains relatively
constant.

Process' Ste s and Costs

Table R shows the estimated capital needed for building and operating new
750 �, 1, 000-, or 1125-ton plants. In this estimate we assume that the
prospective investor will purchase the land and erect building space. Raw
materials and depreciation costs are by far the major factors.

Hawaii has no kelp in its surrcunding waters, so it would have to be
imported or grown here. Hawaiian Abalone Farms at Keahole Point of the Big
Island is currently raising kelp in tanks to feed abalone, and plans to expand
production. Supplies are available in Tasmania, but no carrier from Tasmania to
Honolulu could be located. Chilean supplies appear to be the easiest. to obtain,
yet. they must be trans-shipped from Los Angeles at. $209 per ton. Added to the
price of the kelp, the algin in the dry kelp before ~ction costs $1.16 per
pound.

Algin extraction also requires some chemicals. The present investigation
shows that all of these chemicals imported from the United States mainland would
cost slightly more �'o to 54 more! in Hawaii than on the U.S. mainland or in
Europe.

It is questionable if seafarming around Oahu is politically acceptable. If
pilot evaluations show that kelp seafarming can be conducted without adversely
af fecting the environment, and if such sea farming is economically competitive
with wild and f~ foreign sources, an Oahu plant might. be able to ~te
with the established plants. Hawever, an Oahu plant would have higher costs of
production than a plant located on the geothermal L.and near Pahoa.
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Of the three major algal hyctrocolloid pro~iraq businesses, algin
processing has the least chance of becrxning a aumessful business in Hawaii.
On Hawaii Island, the gee thermal situation does not offer sufficient advantages
to overcme the competitive edge given to existing producers who use fresh
kelp. Again, seaf~nizg of kelp ~mund the island of Hawaii might make the
difference, and pilot evaluations in this regard are urged.

Table V. Estimated Prcduction Costs of Algin  per paurd!

Cost Item

Depreciation
Other Indi~ Costs
P~~~ch and Quality

Control

Sales

General Menses and
Administration

TOTAI CANIS

.21

.30

.36

.15

.36

.15
.21

.30

.15

.25

.15

.25
.15
.22

.15

.22

.20

$2.51
.24

$3.3L
.20

$2.27
.24

$3.33

$3.25

  .06!

AVEP9~ SAIZS PRICE $3. 25 $3. 25 $3.25

  .08!NET PROFIT PER EQUI%! .74 .98

Raw Materials

Reagents
Utilities
Iabor

MainU~~~

Packaging
Sewer

Subtotal

U.S. Mainland

1,000 Tons 6,
$ .60

.31

.18

.16

.07

.08

.03

$1.43

Plant

000 Tons

$ .36
.31
.18

.16

.07

.08

.03

Honolulu Plant

1,000 Tons
$1.20

.31

.18

.16

.07

.08

.03

$2.03

GecMermal Area

1,000 Tons
$1.33

~ 31
.09

.13

.06

.08

.01

$2.01
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Carrageermn p~9ucta are water-soluble d~lactan colloids which can be
used to modify water viscosity and flaw pmperties. In appropriate
concentrations, they form water-based gels. Bath the viscosity and gel
praperties can be modified by a variety of manipulations.

Depending on the species, "carrageenan" sea@~& may contain one or more
of three kinds of carrageenan. Xhese are kappa, l~, and iota. Ihe
tropical seas' producing kappa carrageenan are referred to in this text as
"cottonii". "Spinosum" is used for those producing iota ~g&~~. Both are
groups of Eucheuma species. No lambda carrageenan is posed today f ram
tropical seaweed, though its scarce species ~ in Hawaii and cauld be farmed
here.

The three kinds of carrageenin dif fer in their chemical and physical
properties, giving the extractive manufacturer great flexibility in designing
speci f ic products for speci f ic uses. Carrageeran can be modif ied with a
variety of monovalent and divalent cations, still furMm increasing the range
of properties. Additianally, molecular weights, which can be decreased to
speci f ic levels, further contribute to diversity. Carragamans also react
synergistically with same other h p3rccolloids and with proteins in aqueous
suspens j.oils .

The graMa and history of carrageenan production and sales can be seen
in Figure 1. The 1982 volume was about 13,000 tons, with a value of about
$101,000,000. Table 0 shaws countries p~ing carrageenan products and the
estimated amounts. This estimate does nat include the so-called
alkali-modified carrag~  ANC! products, of which about 3,000 tons may have
been produced in 1983 with a value of around $12,000,000  Table V! . Since 1983
the proportion of cottonii types of Eucheuma going into AN'C has increase
greatly.

About 70 to 75% of all carrageenan processing is dane by three
campanies: Narine Colloids in RocJQand, Maine; CECA, S. A., in France; and
Coper~gen Pectin Ccrc, Dennark. 'Ihese three and another ccwmpeny in
Denmark, Litex, supply 80 to 90% of the carmgeenan market. It is estimated
that each of these plants has between 25 and 304 surplus capacity, a ~t of
expansion of proctuWion 3 to 4 years ago. Since then, sales have been either
static or slightly lower, leaving this unuse% capacity available for growth.
Like ather praducts in this report, carrageenan naw has probably stoppA its
trend taward lower volume of sales, and historic grcaW rates are expected to
resume. Consequently, it is estimated that this surplus capacity will
disappear within the next 3 to 4 years.

For a time during the past 3 to 5 years, the production and sale of
carrageenan products slowed due to the cambinatian of the recision and high
prices. 'Ihis was also true for other seaweed extractives. About 35 to 404 of
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Table V. Estimated Production of Alkali-Modified Eucheuma in Tons

Estimated Estimated

Location in Equal Capacity Annual Production
Company Name the Philippines Chips Powder 1982 1983

Shemberg 1,400 720

1, 600 1, 200

1, 196 1,200

1,080MCPI 882

Marcel Zambo~a 600 600 340 400

0 ?! 120  ?!KPF Cebu

Antonio-agro
 Ms. Lua! Cebu

240 28

360 360 120

Goodwill Foods Pampanga 360 100 120

Arch-agro
 Gen. Santos! Cotabato 360

UNISEX&  Chua! Manila

Enrich Manila

360

360

2,546 3,040

Note: Goodwill Foods is a subsidiary of Hispanagar, a Galatos company.!

During the mid-1960'a, carrageenan products sold for $1.60 to $1.85 per
pound. By the late 1970's, prices had increased to $4.00 to $5.00 per pound.
This increase was primarily due to the high cost of ~~p  oil! and the cost
of the seaweeds from which carrageenan is extracted. The currently abundant
and cheaper seaweed supplies, reduced oil costa, and m~ss extraction
capacities have created an intensely competitive market. Prices have declined
from their high point of several years ago to $2.50 to $4.00 per pened, or by
roughly 30 to 40 pevmnt. Assuming that oil prices will remain at current
levels, the present investigation izdicates that this situation of intense
~tition will continue for at least 3 to 4 years and may be p~ent for
this industry.

all carrageenan prod~ is used in lu:mry-type foods. Although such use
permits high prices during normal economic conditions, sales are sensitive to
decline during recessions.

Uses of carrageen Mr are surprisingly diverse. They are used as
additives to a wide range of foods, particularly those that contain both
proteins and water, such as milk. Carraga~~ is also used in a number of
cosmetics and pharmaceuticals. Only minor ~ts are used for industrial
purposes. Since ~geenans are complex, the sales staf f for these products
must understand food/piharmaceutical/cosmetic fozmQations and chemistry.
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In the late 1970's, costs arxd prices of ~geenan reached record high
levels, inducing major usem to search for lower-priced alternate colloids,
even though such changes lowered the quality of their products. Industry
leaders estimate that this type of loss ~ted to about 10% of the 1978-to-79
volume. The high cast of carrageenan also resulted in another development that
inhibited growth durirg this period. Manufacturers of retail foods, etc.,
constantly develop new products. When the use of a water � soluble colloid is
indicated, they evaluate those products having the approximate desired
properties and cmsts. When carmgeerm prices bewme disproportionately high,
carrag~ was excluded from new evaluations and thus from new products. Naw
carrageenans are priced more in proportion to the values they contribute to
products, and producers and buyers of carrageenan are ~ntly working their
way through this problem. It takes 2 to 4 years to re~h a new formula,
market � test it, and place it on the market. Cansepmtly, it is anticipated
that carzageenan production will incrcese slightly in 1984, followed by
substantial grcxrth  84 to 124 or rmre! in 1985.

The major +~mon for this charging pi~ is the rather recent ability
of the carraga~ industry to control the costs, quality, arxi quantity of its
raw material sour~. As explained earlier, this is due to the sea farming of
the Eucheuma sea~~. 'Ihe resulting cheaper raw materials  compared with
those of the raid- to late 1970's! have v~tuced extractive prices. ~ has
been a concurrent improvement in cost effectiveness and camgetitiv~.

Ra~By 30 to 35% of all carmgeenan is used as a stabilizer or gelling
agent in milk-based products. For example, it is the suspending agent for all
aammercially bottled chocolate milk, and it is one of the stabilizing colloids
used to retard ice crystal grrW in about 85 to 90% of all ice cream.

Another 30 to 354 is used to inde the viscosity of the water portion
of various foods or to make water-Leaad gels. To illustrate, it is used in
various table syrups to give viscosity, body, and mouth feel, and as the
suspending agent for fruit pulp in various fruit drinks, etc. It is also used
in higher concentrations to form various dessert-type or other foad gels.
Carrageenan has a potential use in any food containing water if there is a need
to modify the food in same way, e.g. to hold it in a stable condition or to
achieve a specific effect.

Another 25 to 30% of carrageenan sales go into a miscellaneous gvoup of
pharmaceuticals, cosmetics, and industrial uses. It is used as a thickenex and
stabilizer in toothpaste, hand lotions, face creams, etc. For years the major
industrial use was in air-freshener pm'~, ~here it was used as a gelling
agent. This group of uses was recently t'&~ over by the alkalin-modified
Eucheuma, AMC, which is described next. Approximately 13,000 to 13,500 tons of
carrag~ were sold world-wide in 1982. 'Iheir major uses are listed in Table
W.

Alkali-Modif ied Cottonii

In the mid-1970's, a new commercial product, alkali-modified cottonii
 AMC!, appeared. It is the result of using a high-pH potassium hydroxide,
cooking, rinsirg, and dryirg the cottonii type of Eucheuma. In the normal
extraction of carrageenan, the carrageenan is dissolved out of the seaweed.
However, in this ~ process the non~~geenan materials are dissolved
away, leaving the carrageenan and a little cellulose. 'Ihe pmctuct is chopped,
dr1ed, and grQllI'x3.
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It is then ready for sale. This simple pma~msizxy la@em the price to about
$1.00 per pound less than the lowest-priced extracted carrageenan.

%he alkali-modified product contains bebeeen 85 and 954 carrageenan, and
it can often be used to replace extracted kappa ~geenan. It is ~ially
useful in products that are opaque or colored, for its gels are slightly
turbid. It is blencM with other extracted gels to cut costs. It can be used
for stabilizirg ice cream, as a gellis agent for milk pudclings, and as a
stabilizer for ~. It is now widely used in pet foods and in air-freshener
gels.

Table W. World Uses of Carrageenans
in Thcusands of Pcamch.

Prc~ t United States Ja Others

1,500-2,000
700-900

1,500-1,800
1,000-1,200

Ice Cream 3,000-3,500
Chocolate Milk 1,500-1,700
Milk De~art Gels 600-800
Milk-based Foods-/ 1,500-1,700
~in-Resed Foocla+
 other than milk! lg100 lg500

Water-based
L'essert Gels 600-700

Water-k~& Liquids
 i.e. fruit juices! 700-900

Pharmaceutical Items R
ties 500-550

Otherc

500 500

100 200
200

p 7

200 4001,000-1,200

1 g 000 1 g 100 SOOWOO 400

400-500

500-550

3,500-7,500
100

9 000 llp350 ll! 100 16~750 1~700+ 1~700+Totals

a/ Instant b~ast drinks, artificial milks for babies,
evaporated milk stabilizer, coffee cD am stabilizer, etc.

b/ &~led artificial meats, sausage stabilizers, meat sauces,
gravies, etc.

c/ Cake mixes, biscuit mix, icings, candies, vegetable
toppings, etc.

We estimate that this type of product has some gv~rth potential, and that
it will eventually compete with 254 or less of the ~nt extracted
carrageenan. AMC is e}~ed to develop new sales volume Lasers on its own
merits. It may grow to an annual volume of over 4,000 to 5,000 tons soon.
Table U lists the current pub.K:ers and their volumes.

PromM-=rs of the ANC product have characterized and sold it as
carrageenan. 'Ihe FM is now seriously considering whether. it can be p~ly
repres mba as carrageenan. Industry leaders are predicting the FDL will
require it be sold under a xmre descriptive name, e.g. crude carmgeenan, or
will subject it to ex~ive animal feeciinp studies, etc. Anyone evaluating the
potential of this product should carefully examine its FCA status.

We do not believe the alkali-modified non~xtracted carrageermn p~cts
are candidates for Hawaiian proa~ing unless Eucheuma is farmed in the area.



Raw Materials

From the beginning of the carrageenan industry until the mid-1960 ' s,
almost all carrag~ seam~is came fram the Canadian Naritimes, the British
Isles, France, and Spain. In the mid-1960 ' s, substantial quantities ~
harvested in Chile, the Philippines, and Indonesia. All of these sources were
from "wild" beds, with production dependent on the weather, econamic and
political conditions, ~titian, etc. By the late 1960 ' s, carrag~
seaweeds were in short supply, and all available s~~ were be~ used. By
the early to rnid-1970' s, increasing ~ts of "farmed" cottonii began to
appear, relieving the shortage and permitting continued g~~ of the industry.

By 1960 Mar ine, Colloids could see that all available supplies would
eventually be used, and under the technical guidance of the Depart of
Botany, University of Hawaii, they developed the capability of faring Eucheuma
species for their carrageenans in a ten-year program. The seaweeds judged to
have the best chance of success were the cottonii varieties, from which kappa
carrageenan is obtained, and Eucheuma denticulatum  the "spinosum" of
~rce!, which contains iota carrageenan.

Two other seaweeds which are saur=es of carrage~ans are Iridaea and
Chondrus. Iridaea is harvested in Chile and is exported as Giciartina radula
Between 5,000 and 6,000 tons of this seaweed are used annually. Iridaea yields
a weak mixture of kappa and lambe@ carrag~, and its properties are
signif icantly di f ferent fram cattonii carrageenan. The currant price of
Iridaea is about $400 to $450 per metric ton, POB Wile. 'Ihis sea~ normally
yields about 35 to 374 carrageenan, acznpiared with 30 to 32% for normal~lity
Eucheuma.

The develagmnt of the carrag~ industry was originally ba ~ on the
availability of Chondrus crisss  commonly known as Irish moss!, found in the
Maritime Provinces of eastern Canada. 'Ihis area has praduced as much as 12,000
tons annually. However, the increased cost of labor in that area compared with
that of the western Pacific has restarted in significant cxxngatition fram the
lower-cost farmed Eucheuma fram the Pacific. Prices of Chondrus cri.~ fram
the northeast Atlantic presently range fram $600 to $1, 100 per ton. Nondrus
~eris:ius and other members of the closely-allied order of red sea~, the
Gi artinaceae, are also harvested along the coasts south of the Cherbzurc~
Peninsula of France and along the northwestern coasts of Africa. These
sea~ cost about $450 to $500 per ton delivered.

About 28 to 324 o f the current carrageenan sales volume probably
consists of the kappa extractive of cottonii and the iota extractive of
spinosum. An extractor needs several different species to provide a range of
f ractions and properties in order to of f er a full range o f ~titive
products. Hence, there is a need to supplement the Eucheuma supplies with
other seaweeds such as Iridaea and Chondrus eris~.

Production

Each fraction of carrageenan  kappa, lambda, and iota! has the
capability of cambining with a rober of cations, particularly sodium,
potassium, and calcium. Sul fate radicals can be re+wed and other
modi f ications made. Molecular weight can also be modified. Consequently, the
manufacturing procedures required for carmgeenan are more camplex and
capital-intensive than for either algin or agar. Table R shows the estimated
capital requirements.
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The flaw chart, Figure 13, briefly describes the essential steps in the
carrageenan extraction prccess.

The ~ction of carrageermn is costly  Table X!, largely because it
requires great quantities of heat. 'Ihe heat, the need for waive analytical
and other cantrol prrmadures, and the larger capital requirmnents make the cost
of extracting carrageenan higher than that of algin or agar. CXx ts of
praducing the various ~geenan products dept in part on the nunkmr of
praising steps required, the cast of the original seaweed, and the degree of
stmAav9ization desired. Adnun.itive and sales casts are relatively standard
for this type of pra9uct.

tive Carra

It is revealing ta camp-ee the costs of praducirg carrageenan in
established plants at time sites: 1. In New England or Europe, 2. Near
Honolulu, 3. At Pahoa, Hawaii Island, Hawaii geothermal area. It is assumed
that the same steps, those of figure 13, would be taj~ at all three sites.

Freight costs fram Cebu City and Manila to LeHavre, Boston, and Honolulu
were identical: $106 per ton. Marine Colloids and CECA must pick up the
seaweed at port and haul it another 130+ miles at an estimated cost of
$25/ton. Total cost of delivered carrag~ seaweed = $325 FOB Philippines
plus $106 plus $25 for freight plus abaut $10 for port charges and izmidentals,
with a total cost of $456 per ton.

The abave freight cost calculations are based only an Ehil ippine
Eucheuma, which offers the best quality and lowest costs.

We turn now to a consideration of Iridaea. Chilean iridaea costs about
$450 per ton FOB Chile. Freight to Boston or ZeHavre is $156 per ton. 'Ihus
the cost to Marine Colloids is about $650+ per tan. At abcaxt 36% yield for
Iridaea, the cost of delivered extractive in the weed is 80 cents per pound.
Our only freight quote to Honolulu for Iridaea was $156 to Ias Angeles plus an
estimated $50 to transship it to Honolulu. 'Ihis will magee the delivered
cost of a pari of extractive in the seaweed to about 6 cents abave that of
Marine Colloids. If the $50 extra needed to transship to Hilo is added, the
differ>~m be~ 11 cents per paunch. Ha'war, only minor amounts of g~daea
are normally blended with the ~cheka extractive, so this cost differenae
wmQd have anly small significance. Other savirgs at the geothermal plant are
great ~augh to absorb this cost disadvantage.

Transship of the seaweed frcm Hanolulu to Hilo adds $50.00 per ton
or about 5 to 6 cents per gerund. Thus in Table M, the tatal cost of raw
materials per pmzxl is shawn as 71 cents.

It is estimated that one geath~ well will hancLle the m~~gy
requirenmts of a 600-ton ~geenan plant. To drill the well, connect it and
equip it will cost $1,500,000. Distributed aver the 10-year life of the well,
this would be $150,000 per year, plus an additional $75,000 per year for fees
and operational costs. Total energy costs of $225,000 per year or 17 cents per
pound for production of 1,320,000 lbs per year may be anticipated  Table X! .

Wages on Hawaii Island are estimated to be more than 204 belaw those of
Honolulu or Maine, hence 17 cents per pcmcl is given for labor.

'The faur bottom lines of Table X compare the total of all costs with the

products vary widely. For example, large-volume buyers of carrageenan used for
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Steps in Carrageenan Processing

1. Raw materials warehouse

2. Bale breaking, grinding

3, Soaking tanks - hydrate dry seaweed

4. Reitz grinders - to fine paste

5. Cooking tanks � to 166 -190oF

6, HOlding tankS - at 160OF - lad F far e
nuwuer of hours

7. Heat to 200 F - 212 F - add f ilteraide

8. Automatic filters � high pressure at
2 OooF

8A. Filterade discharge line

9. Filtrate holding tanks
10. Double effect evapozators � remove 1 � 2

volumes B 2 0
ll. Condensed f i 1trate holding tanks

12, Filtrate - alcohol blender - carrageenan
dewatered into f ibrous strings

13. Wet fibers separate from water/alcohol
mix

14, Fiber is pressed
15. Dryer � water and alcohol removed from

fiber using vacuum and heat
16. Alcohol distillation uni ts - capacity � 1

part filtrate with 1 part alCOhO1 - 808
17. Compressor - for condensing alcohol vapor

17A. Watercoolxng tower or pond

18. Grinders and dust collectors

19. Sifters

20. Blenders
21. Packaging

Fznzshed product storage
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Table X. Estimated Production Costs of Carrageenan in Cents per Pound

Established New plant
plant in the Honolulu
U.S. or Europe or vicinity

Items af fectirxy
cost and

profit

Ncw plant
at Pahoa geo-
thermal area

600 1200

tons tons
600 1200

tons tons
2500 tons

or more

71 716566

31 31

2 2

17 17

31

6

68

29

5

68

31
6

68

17 17

10 10
21

10
23

10
21

10
203 201199

Indirect Costs

Depreciation
Research & Quality

Control

Sales
General & Adminis-

trative Costs

7

39
8

42
8

14

14

21

14
18

14

19

2019

Total Cost per Bema 273

Federal Taxes 28
After-Tax Prof it. 34

Average Selling Price 335

296308

12

15

18
21

335 335

ice cream stabilizing can buy it for $2.25 per pound. 'This type of product is
less ref ined and has a much higher thraughput rate than the average
carrageenan. Therefore, an ice-cream blend costa less. Other special ized
products produced in 5, 000- to 10, 000-pm' lots may have prices as high as
$6.00 to $8.00 per pound.

When we made this analysis, we found that the shipping costs of Eucheuma
seaweeds fram the Philippines and Indonesia to Hawaii were not much different
from the shipping costs to ~titive plants elsewhere. NYK Lines will
deliver bulk seaweeds to Honolulu in container lots fram either Cebu City or
Manila for q106 per ton. Shipments from Indonesia cost $106 plus $15 for extra
harxGing. Costs fram Micronesia to Honolulu have not been established.

As can be seen fram the estimated production costs, a thorough feasibility
study may confirm that a carrageenan plant located in the geothf~~ area near
Pahoa would be econamically viable, even though it must import its raw
materials at ex' cost through Honolulu and Hilo. Hilo is abaut 20 miles
north of Pahoa, and the road between them is good.

An even greater advantage could result fram locally farmed -~cheuma, which

Variables:

Raw Materials
Chemicals and

Packaging
Waste Disposal
Variable Er~~
Wages & Fringe

Benefits
Maintenance

Tatal Variables 148 148

7 7

40 39

14 14

21 18

20 17

250 243

39 42
46 50

335 335
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grcam readily in Hawaii and nearby waters. Based on knawledge of these
seaweeds, we believe that fannirxy areas can be selected that will not adversely
af feet Hawaii 's envirorutent. Pilot evaluations have proved this point. One or
two scpare miles of Eucheuma farm would provide a substantial numl~~ of jobs
and enough seaweed to support an extraction industry with a scale economically
competitive with similar operations else&~m .

Based on the above estimates, it appears that a new plant at the Pahoa
geothermal site could easily and effectively compete with established producers
el~~here.
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CCNCII3SIONS AND QNS

Markets for Edible tweeds

Discussion

Substantial markets ranging into the hurxh~ of zillions of dollars have
been established for edible seaweeds. Signif icant grmM of this market is
taking place, and that gree rth should continue. It has resulted in the
development of farmery and merchandising methods for the sea~ involved, and
this develapomt has further stimulated the market. 'Ihe major markets are in
Japan, Korea, and Eke, but the western world is now also being a growing
signif icant market.

It is doubtful that the major markets for table-use sea~ in areas
other than North America can be penetrated by sea@reeds gram in Hawaii.

e'er, the growing North American market could be penetrated by Hawaiian
seaweeds. 'Ihere has been same ~~ation already by Gracilaria, Caule~e,
Nona ~ma, ard Eucheuma; athers should be able to penetrate the North American
market also. The sea>~is mentioned above are excellent ard readily-acceptable
salad vegetables. If seaweed praMWion is to be:xxe an attractive and stable
industry, farm pre~Mian and improved post-harvest handling would be needed.
Bath of these are technically feasible and a~nomic.

Further development of such industries in Hawaii is dependent on the
availability of subtidal lard. an lease frcan the state for farming. Grants of
this nature have not been made to date ard the goverrIrrent's attitude in this
matter is nat clear.

$eccanmmMtions

'Ihe state should cbtain func ing for the projects proposed, to
discover and reccmnend methods of production and marketing of table-use
seaWBIBIM .

'Ihe legal basis should be laid for granting the exclusive use
of small plats of subtidal lard for pilot production of table-use
sea~eaQs. 'Ihese temporary ~~tion licenses should be of f inite
duration and restricted purple, ard they ~d be rene~able.

The eva1uation of these pilot plats shmQd include a
description of the environra~l effects of the subtidal lard. farming,
though nothing detrimental is anticipated.

The state should give immediate engr agernent to production of
Gracilaria on the outer islands ard. its export to Oahu and North America
as a table vegetable.

hppropriate remmrah and devel~nt studies should be funded
so that the projects at Keahole and the University of Hawaii at Manoa will
be able to provide information, assistance, and demanstrations of
technique.
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Process for Extractives

Discussion

'Ihere are no seaweed resources in Hawaii naw that can support a local
~ation industry. Nevertheless, an extraction plant cauld operate at a
profit in Hawaii by importing all the seaweed it poses. Hawaii meed
have a distinct carngmtitive advantage if the seav~is cauld be farmed locally,
since freight cheeses would be greatly reduced.

If a processing plant were in operation in Hawaii today, its production
of algin, carrageenan, or agar would require the importation of dried seaweed
fram other producing areas arourxl the Pacific basin. Such dried raw materials
are available for each of these gel types at competitive prices. However,
algin-prccessing plants thrive largely on local fresh seaweed.

Nawhere in the world is there an opportunity such as is found in Hawaii
for developirxy the economic production of commercial seaweed& for drugs or
other new uses. This would mast appropriately involve the Keahole Point
Natural Eni~ Laboratory of Hawaii support f acility f or aquaculture
devel' and the 547-acre commercial crap production area associated with
the adjacent Hawaii Ceaan Science and ~alogy Park.

In addition to academic research to f ind new seaweed products and to
learn to produce the seaweeds fram which they meed be extracted, the state' s
Keahole facilities cauld foster the development of methods of producirg the
pilot amx1nts needed to obtain federal clearances for drug and food usage and,
when cleared, provide the large areas essential for production of the
ccemercial crops. Adjacent private property could also be utilized for
commercial production.The geothermal law~ energy opportunities on the island of Hawaii
couple very nicely with the introduction of a seaweed extraction industry using
imported seaweeds or those grmm on supratidal lands by new techniques, e.g. on
the lava flats in South Kona or near Keahole Point.

The cast studies of this report show that the competitive advantage of
Hawaii is largely due to law~ geothermal m~p for producing algin, agar,
or carrageenan. Hawever, there are other constraints in respect ta these three
industrial apportunities as follows:

Algin Opportunity. For this to be economic, at least same of the
seaweed used wauld have to be locally farmed fresh weed. 'Ikey may not be
enough f arming area available. Furtherrmre, the temperatures in Hawaii are
largely too high for grawirg the currently used seaweed strains, and certainly
they are too high for the essential sexual stages of the kelps.

~e Agar Opportunity. Prof itability is indicated for extractirg agar
in Hawaii if the cheap enercjy of the geothermal wells is available, even
despite a. possible requirement for importing all the seaweed raw materials for
the irxtustry. It would be possible to produce very desirable Gracilaria in
Hawaii in significant ~ts for an agar industry if subtidal land were made
available for leasing. The economic feasibility of producing agar from seaweed
in Hawaii has not been determined, though it is likely to be a success if
law-cost energy can be used. Hawever, dependable raw material resources must
be faund or developed before anyone invests in a full-scale in-depth
feasibility study.
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the caxmgeenan industry for heat and ather energy, the availability of cheap

established in Hawaii. %he industry cauld be prof itable even if special
geothermal wells have to be drilled and amortized for the purpc~ and all the
seaweed raw materials imported. New raw material resau:m~ are now being
developed in Kiribati and Micrcnesia, which would serve the latter purl'~
we11. 'Ihe reef flats of Hawaii, if made legally available by appropriate
subtidal leasirxy conditions, would significantly improve the already-attractive
apparent profitability of such an irxk~p in Hawaii.

Reoammerxhatians

The apmrtunity to utilize the Hawaii Ceaan Science and
Techrmlagy Park for developing aquacultural pmwluction of
already-commercial sea~~ an supra&idal land should be seized, and
develaI:anent of the possible sauvsm of algin, agar, and carrageenin
evaluated thorough pilat studies at Keatmle Point.

Grac~il.~jy shauld be included among the agar scum~~, and the
production of it should be ence+raged in Hawaii, with attention given to
the highly priced ones such as sugar-reactive agars.

At the same time, devel' of methods of growing small
amounts of species known to have as yet non-federally-cleared
~~aceutical products or otherwise industrially desirable products
shauld be encouraged by state~ported projects at both the academic and
the industry level. Specific methods shauld be developed for each species
with empt asis an methods that can be scaled to commercial size. These
methods should involve adaptation of f ield machinery that would make
possible eventual large-scale a~amia production of the species economic
in Hawaii.

Special support might well be given to studies of strains of
kelp whose sporophytes prcduce e9egtmte and desirable algin in the
Hawaiian marine environment. Growing kelp thxaugh its life cycle may be
possible, though the temp~natures re~ired dictate p~ing the
game~ytic stacpm elsewhere than at the f ie1d sites where the crops
would be green.

Institutirg a simple legal system allowing taroporary mcupetion
lia~mses for farmers to farm seamed an the suitable subtidal lands of
Hawaii is highly impcztant. ~ licenmm shauld be for non~tructive
farmdng usia methods that would allow reef flats to return to natural
conditions if the farn~g ceases.

An academic ~roach should be supported to change the rather
well-kna~ plant designs for algin, agar, and carrageenan so they can be
papered by geatlmrnM energy. %hid energy is available fram the waste
water fram electrical generation s ~one, in Hawaii. 'Ihis information
shauld be published expeditiously.
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pressing aangenies be drawn to the attractive cost ad.mrtages of siting
seaweed gczdeWian and processing in Hawaii, especially for agar and
carrageellan e


