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as follows

No. of . ‘State Federal

Projects. -~ Funding. & Other

Geothermal 7 $168,340  $ 254,070

_ Ocean 3 75,298 14.975
- Biomass -9 180,578 434,390

“Wind - 6 118,200 . 87,080

Solar 4 27,494 248,992

Other 6 33 085 . 82,975

~ Totl 3 seoz 995' . $1,122482

“In" addition to the five primary energy resources listed in the left_hand column “Other”’
pro;ects include research in areas which are.common to more than one renewable resource, such
as (a) storage of energy from an intermittent resource; (b) corrosion preventlon in Hawaii's moist,

salt-laden arr and (c) economic and planning studies.

Twenty-fwe of these projects were"supported by two major programs for assisting renewable
energy research by university faculty and staff. A sum of $300,000 was provided by the state
~ research and development project fund and '$200,000 from U.S. Department of Energy for project
support. The University of Hawaii is one of only nine major energy research institutions from
throughout the nation to receive a three-year DOE  institutional grant. Pro;ects for both state and
DOE funding were selected upon the recommendation of the university Energy Adwsory Com- -
mittee, with guidelines and general areas of support established with input from the State Energy

Coordinator and the energy officers from each of the four counties.

Th|s report differs from prevrous annual reports of HNEI in that rather than descrrbmg the
total renewable energy research and development effort across the state—or even. for the entire
university—what is described is only those 1981-82 energy projects in which HNE! had a direct
“role. For a more comprehensive coverage of statewide energy activity, reference may be made to the
- annual report of the State Energy Resources Coordmator publlshed by the Department of Planmng

-and Economuc Development.

) ~ The bulk of this annual report 'eonsists of brief progress reports on:’the;thirty-ﬁve research
and development projects administered by the Hawaii Natural Energy Institute during FY 1981-82,
HNEI’s eighth year of operation. A breakdown by technology and levels of support is summarlzed

Total _
. Fundmg

'$ 422,410

90,273
. .614,968
205,280

276,486

116,060

$1 725 AT
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. 'er events combmed to make 1981-82 @ perlod of transmon for HNEI

| . Dr Paul C. Yuen HNEl s able dlrector for the previous four years moved on to 3

the posmon of Dean of. Engineering for the Umverslty of Hawaii.

'A Dwrsnon of Energy was establlshed in the Hawaii State Department of Planmng

~and - Economic Development in January 1982, with responsiblllty for sup-
portmg commercnallzatlon of the state’s renewable energy resources.:

‘ The goals and objectives of HNEI became more clearly defmed in April 1982, wnth‘ .

~ -the authorization by executive order of the Governor of the State Energy Plan -
- and the State ngher Educatlon Plan.

The severe cutbacks in support by the U S Department of Energy for renewable L

-_energy. resources have resulted in drastic reductions in development and demon-
“stration projects, which for the past decade, have represented the backbone of v
‘Hawaii’ s renewable energy programs : T , :

;)fln splte of the sharp cutbacks in federal funding for renewable energy, 'HNEI was 7
- successful in obtaining a- three-year institutional grant totaling $500,000 for -

: “unspecified research on energy alternatives. This was the eighth and final insti-

S tutional grant to be given by U.S. DOE to outstandmg energy research univer- -
= sities from throughout the United States, and the only-grant for which the

- , aemphasrs is on renewable energy. Durmg '1981-82 $160,000 from this institu-
- tional support was allocated for research prolects $200,000 will be allocated

°in 1982:83, and $150,000 in 198384, | -
: The mltial remplent of the Coral Industries endowed chalr in renewable energy SR

" resources, Dr. Michael J. ‘Antal, Jr. of Princeton Umversxty, joined the faculty
~in January 1982 with a joint. appomtment m HNEI and the Department of
Mechanml Engmeermg : . , ’

- These flnal ﬁve events are mterrelated in- that they remforce an mcreased emphasrs by HNEI

7 - for oonductlng both basic and applled research on renewable energy resources. While HNEI will

continue to fulfill its "development" role with the state, the counties, and local business firms in
- such areas as resource assessment and the monltormg of renewable energy demonstration pro;ects

it will also: endeavor to establish greater research breadth and expertise, consistent with its energy - -
" ‘research institute mandate. This should i increase ‘the opportunity for HNE! to make a greater contri-

- --bution to the ]Olnt effort by the publlc and prwate sectors in achlevmg energy self-sufflclency for

T Hawau

" JohnW. Shupe
V Dire’c;torf' o
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Each of the Hawaiian Islands is the top of a volcanic mountain rising from the ocean floor. -
* Those islands at the northwest end of the chain that make up the Hawaiian Archipelago are several
millions of years old while those at the southern end are relatwely young geologically. In fact, vol-
canic activity penodlcally adds land to the Big lsland of Hawaii and is forming another island, now
several thousand feet below sea level, about 20 miles south of Hawaii. Heat from molten rock or
" magma in_active volcanoes and residual heat from slowly cooling magma bodies from recently
inactive volcanoes on the younger islands provide a geothermal energy resource for the state. Ther-

-~ mal energy from these magmas is transferred to water-saturated rock nearby, forming hydrothermal

' reservoirs which can be tapped by drilling wells from the surface. This releases steam and hot water‘
for generatlng electncnty and prowdlng process heat for mdustry and agnculture

The Umverslty of Hawau took the inltratlve in 1972 to begm exploratron of this geothermal
resource and, in 1976, drilled the first geothermal well in the state to a depth of 6,450 feet in the
Puna.District on the 1sland of Hawaii. A bottomhole temperature of approximately 676°F makes
- HGP-A one of the hottest geothermal wells in the world. In order to obtain information on the
characteristics and extent of the geothermal resource as well as to demonstrate the feasibility of
‘geothermal energy utilization, the HGP-A Wellhead Generator Feasibility Project was then pro-
posed. This project, funded in June 1978 by the U.S. DOE and supported by the state, the univer-
sity, the County of Hawaii, and Hawalii Electric Light Co. (HELCO), was for the design, construc-
“tion, operation, and maintenance of a geothermal electrical power plant at HGP-A. Construction of
- -a steam supply system- ‘with hydrogen sulfide .abatement . equipment, a turbine/generator, and a-
condenser and cooling water system was completed in June 1981, and the first electrlcal poweri’
from Hawau (3 geothermal resource was produoed in July 1981 :

The sucoess of HGP-A the avallab;hty of prelimmary mformatlon from a statewnde geother-* e
mal resource assessment, and two requests for proposal for geothermally-produced electricity from
HELCO and Maui Electric have encouraged private interests to drill four additional test wells in

Puna and to plan others. Much remains to be learned, however about Hawaii’s geothermal resource.
The HGP-A demonstratlon well is scheduled to operate “for at least two years to test geotherma)
technology, procedures, and possible environmental impacts. Other research is underway to deter- -

- mine the locatlons, extent, chemlstry, heatmg mechanisms, and envnronmental impacts of geother-
~ mal reservorrs Many of these pro;ects are supported by HNEI and are descnbed in the followmg
- section. - , : . : S
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HAWAH GEOTHERMAL RESOURCE ASSESSMENT
T'PRINCIPAL INVESTIGATOR‘ : Donald M. Thomas Ph. D 7 .
: - ... "Hawaii Institute of Geophysrcs o
, f'PRvOJECT ST AFF: -~ . - BarryR.Lienert, Ph.D.
oo Lo oot 7 Maleolm E. Cox, M.S.
- - Mark Mattice, M.S. ST
-~ - Hawaii Institute of Geophysrcs L
* James P. Kauahikaua, Ph.D. = -
~us. Geologlcal Survey S
PROJECTPERIODAND . = 'Thls four-year, two-phase assessment pro,ect began in 1978
"FUNDING SOURCES: -~ under the sponsorship of the U.S. DOE Western States -
T - - .~ - Cooperative Direct Heat Resource Assessment and has since
‘ “been funded by Hawaii CIP_(Capital Improvement Project)
" monies administered by the Hawaii Department of Planning
e - and Economlc Development (FY- 198081) and HNEI (FY -
N T s S 1 1981-82). R R
o = S i,:}-if 'f? .o Total fundmgfor FY 1981-82 $289678 SRR

. TPROJECT DESCRIPTION AND OBJECTlVES

Phase I of this pro;ect to determlne areasin the state wnth geothermal energy potentlal began o

'f{'by complllng ‘and evaluating’ existing data for the major Hawauan Islands. Twenty separate areas "

- wrth potentlallyhrgh or mtermed |ate temperature resources were ldentn‘led by consudermg

e Geologxcal structures and age of volcanoes

S . @ Geochemical anomalles such as elevated 5|||ca concentratlons and chlonde/magne-'
: '~ sium ion ratios which mducate thermally-altered groundwater

e VGeophyslcal data such as ‘magnetic, gravntatuonal “and temperature anomalles
normally assoclated with geothermal reservoirs. : :

: ! Phase ll has cons:sted of three years of fleld exploratrons at promlsmg sltes |dent|f|ed dunng
~the initial ‘regional surveys Thirteen of the twenty were chosen on the basis of probabllrty for find-

"ing a usable resource in an area with energy needs. Water wells and springs have been tested; measur- o

- ing equipment has been -installed at various sites; soil samples have been collected ‘and analyzed;
geologic field maps have been prepared Techmques used extenswely include geochemlcal analysis
of groundwater,u soil mercury and radon surveys “isotopic analysus of rainfall ‘and groundwater .
reslstlvrty, gravnty, and electromagnetlc surveys selsmlc and groundwater temperature measure- ‘
ments SR PR -

RESEARCH PROGRESS AND PROJECT STATUS

R Fleld surveys have been completed dunng thls last year of the assessment pro;ect and all data o
-~ are now being complled for final evaluation and publication. Results indicate that several of the
thlrteen sltes studled may be potentlal geotherrnal resource areas in Hawau o S




‘KILAUEA EAST RIFT ZONE has been the site of frequent eruptive activity during historic
times, and a substantial number of geophysical and geochemical studies conducted in the area indi-
cate that it has the greatest geothermal potential of any locale in the state. Estlmates of its potentlal
range from 100 to 3,000 megawatt centunes of electncal power. - :

KILAUEA SOUTHWEST RIFT has experienced intrusive activity as recently as August 1981,
and although relatively little geophysical or geochemical work has been done here, acromagnetic
‘and resistivity anomalies have been studied. In addition, steaming ground and a warm coastal spring
"have been mapped along the rift. The area is considered to have a very high potential for a high tem-
perature resource within 2 miles of the surface however, no estimate of ltS mpacny can be made
wnth the data presently available. :

The SOUTHWEST RIFT ZONE OF MAUNA LOA has expenenced eruptive activity during
- recent geologic history. However, a limited resistivity survey across the Iower southwest rift dad not
detect evidence of anomalies W|th|n 6 mlle of the surface.

In NORTH KONA mercury and radon surveys have identified anomahes ‘that may be associ-
ated with a thermal source on the Hualalai southwest flank, infrared anomalies have been reported
in the coastal waters, and groundwater chemistry data suggest that some thermal alteration has
occurred. Limited geophysical surveys, however, did not detect significant resistivity anomalies. If a
geothermal resource is present in this Iocatlon it is highly likely to be of low to intermediate tem-
7 perature '
- - HUALALAI WEST FLANK has been active during recent times as results of geologic map-
ping suggest. Mercury and radon surveys here have identified weak anomalies associated with the
-very diffuse rift zone, and resistivity soundings near the summit have detected lower than expected
resistivities at 500- to 1,000-yard depths. The probability that a moderate temperature resource is
present within 2 miles of the surface in this"general area is considered to be about 20 to 30 percent.

In KAWAIHAE, mercury and radon surveys, groundwater wells with elevated water tempera-
tures, and a modified chloride/magnesium ratio suggest that a thermal source is located in the vicin-
ity east of Kawaihae Bay. Higher than expected resistivities have been found to the northeast of
Kawaihae which may be associated with an eruptive vent 80,000 years old. A thermal resource is
prot:ably present near Kawaihae, but it is unlikely that temperatures are more than 175°F to

212°F.

At KEAAU, preliminary groundWater"'chemistry initially suggested that thermal fluids might
be present, but no resistivity anomalies were detected to depths of 3 mlles The extstence of a geo-
thermal resource in this area is unhkely :

. -Along the HALEAKALA NORTHWEST RIFT results of mercury and radon surveys and
_groundwater geochemical data initially suggested that a number of areas were anomalous. Resistiv-
- ity studies, however, were unable to detect any significant indications of a thermal source. The

V'probablhty of a resource being present within 1.25 miles of the surface on the Haleakala northwest
riftis Iow :

L HALEAKALA SOUTHWEST RIFT was the site of the only historical eruption on Haleakala
- Voleano. Limited mercury and radon field surveys across the upper and lower southwest rift and
data from passive seismic and electroma'gnetic'studies suggest a thermal resource along this rift.




In the- OLOWALU UKUMEHAME area a warm water well shows evidence of moderate
thermal alteratuon In addition, resrstwlty soundings have mapped a warm water lens within a few
hundred yards of the surface, and electromagnetuc sounding data suggest that the source of the
~thermal fluids may be located near the caldera boundary of West Mam Volcano The probablllty of a

lowor moderate temperature resource is consrdered to be very hlgh ’

: In the LAHAINA KAANAPALI area, groundwater geochemlcal data and lumlted mercury and
radon surveys have identified moderate to low level anomalies, but resistivities are not consistent
. wnth a thermal resource The probabrllty ofa vnable low temperature resource is remote

i LUALUALEI VALLEY's groundwater chemlstry data as well as mercury and radon survey
results indicate that thermally altered groundwaters are near the surface of this area which was the
- original Walanae caldera. Res:stlwty soundings, too, have identified lower than expected resistivities
at depths less than .6 mile that may be due to the presence of thermal fluids. The probability that a
'geothermal resource is present is consrdered to be high, although the resource will probably be of
“Iow to moderate temperature S

, On MOKAPU - PENINSU LA,-a few weak radon and mercury anomalles were ldentlfled but -
: resrstlwty soundings were unable to detect- resistivity structures consistent with the existence ofa
’geothermal resource A geothermal resource is unllkely in thls part of Koolau Volcano

INTERFERENCE TEST AND RESERVOIR ANALYSIS OF KAPOHO RESERVOIR ‘

'PRINCIPAL lNVESTlGATOR e Blll Chen Ph D ~
" College of Engmeermg, UH/HI|O

PROJECT,STAFF,: e T Arthur Sekl M. s :
: R o " Hawaii Natural Energy lnstltute

BRI o _ .~ Deane Kihara, Ph.D.- ‘ :
g s e ~UHM Department of Mechamcal Engmeermg

- _VPVR_VO.AIECT PERIOD AND S State R & D funds admlmstered by HNE supported ‘this

- FUNDING SOURCE: = - nine-month project in FY 1981-82. HNEI -has allocated -
S o il oadditional R & D funds for FY 1982—83 to complete mter-
- ference tests. Do ‘

= e '~Totalfund|ngfor FY1981~82 $45079
e PROJECT DESCRIPTION AND OBJECTIVES 7{ -

. HGP—A and two prlvately drllled geothermal wells are located within several thousand feet of -
*each other but they may or may not be tapping the same hydrothermal reservoir of steam and hot
fluxd under Kilauea Volcano’s east rift zone. Precisely measuring water level and pressure changes in
 one of these nonproducing wells when one or both of the other wells are flowmg should yleld clues

tothe nature of this reservolr (or reservonrs) Pro;ect tasks include . ~ . :




@ Evaluatmg data co|lected durmg past flow tests at HGP-A;

© Measuring earthtldes before tests m order to account for therr effects during the
tests; and SR

e Conducting lnterferenCeftests to monitor pressure responses 'among the three wells

in order to identify characteristics of the reservmr(s) estimate its size and storage capacrty, and
,predlct its energy potential for electncal generatron

RESEARCH PROGRESS AND PROJECT STATUS
During the nine-month project period, data from production at HGP-A were examined to
- characterize well recharge and production behavior; equipment was installed at Barnwell/GEDCO's
Lanipuna-1 well to measure earthtides; and precision pressure sensing eqmpment was purchased and
field tested to prepare for future mterference tests. : : v
”Ain opportunity to study well recovery at HGP-A occurred soon after the well was brought
. into production on June 2, 1981. Turbine rotor vibration forced shutdown on September 4, and
production did not-resume until December 11. At this time steam flow rate was comparable to
previous well flows, but the percent of steam to hot fluid dropped from a normal 50 percent to
33 percent for two or three weeks before gradually returning to 50 percent. Understanding why this
‘happens is important for future wellhead generator designs, for HGP-A operation, and for reservoir
‘modeling.” Thus, project personnel examined earlier production tests at HGP-A which suggest that
water moving through the permeable rock formations around the well flashes to steam before it
actually enters the wellbore. As HGP-A produces “this “flash front”” moves farther out from the
‘wellbore until equilibrium is reached between steam flowing to the turbogenerator at the wellhead
and fresh groundwater replacing what has been drawn off and being heated. from the geothermal
source. As long as the well produces, this recharge zone is relatively stable as are temperatures and
pressures. Interrupting production results initially in increased pressures and, thus, in less steam
- formation. Heat loss during production also reduces fluid temperatures, further limiting steam -
formation. HGP-A appears to requtre a thermal recovery time Ionger than the September to
. December shut-in period. e - - SR :

A second task for th|s pro;ect was completed dunng November and December 1981. A water
level indicator was lowered into Lanipuna-1, located approximately 1,600 feet southwest of
HGP-A, to measure earthtide and to monitor any possible changes in Lanipuna-1 when HGP-A
'started on December 11. Results show fairly constant daily earthtide variations of approximately
4 inches until December 4 when well water levels increase by 4 feet. Heavy rainfall from
November 30 to December 2 seems to explain this change and strongly suggests some communica- -
- tion between surface water and the well’s production layer. No mterference was observed between

HGP A and Lampuna-‘l after HGP-A start-up S o

. To conduct pressure mterference tests a Sperry-Sun pressure sensmg recorder capable of
measuring 5,000 pounds per square inch {to 1/10 psi) was ordered in December. In June 1982, the
equipment was field-tested for one week by lowering it 1,000 feet into Lanipuna-1. Minor repairs
are being completed now so that actual deep-hole tests can be conducted durmg the second phase
of the project. : ;




~-~ . Above, storage tanks of caustic soda for the hydrogen sulfide abatement system sit next to the
" separator.which directs geothermal steam -to the HGP-A power plant behind. Below, spent steam

_ and hot fluid lines lead to the cooling tower, center, and to the silica settling pond, left. ~
LT L e e e -~ - Photos by Donald Thomas




HYDROLOGY TEMPERATURE AND CHEMISTRY OF WATER IN THE EAST RIFT ZONE
‘OF KILAUEA

PRINCIPAL INVESTIGATOR: David Epp, Ph.D.
: Hawaii Institute of Geophysics -

PROJECT STAFF: Gary McMurtry, Ph.D.
- . -Frank Peterson, Ph.D.
“-Jewelle Imada, B.S.
Charles Fraley, M.S.
Douglas Myhre, B.S.
- Hawaii Institute of Geophysics
- James Kauahikaua, Ph.D.
U S. Geological Survey

PROJECT PERIOD AND B State R & D funds administered through HNEI are support-

FUNDING SOURCE: ing this one-year project which continues through December
S o 1982.- :

Total fundmg for FY 1981-82: $15 560
PROJECT DESCRIPTION AND OBJECTIVES

The goal of this project is to measure temperatures water levels, and chemrstry in water wells
and coastal springs located around the geothermal wells on the east rift zone of Kilauea Volcano.
These data and existing data from federal and state sources will be analyzed in order to construct
and test therma! and hydrological models which will - '

© Provide data on the near-surface temperature regime of the east rift zone;

© Provide baseline data on the normal recharge and flow patterns of the groundwater
system on the lower east rlft zone;

e ldentlfy the natural background temperature, water level, and chemlstry to assess
any effects of testing and production at HGP-A and other geothermal wells;
and

@ Chart the distribution in tlme and space of geothermal weII dlscharge

RESEARCH PROGRESS AND PROJECT STATUS )

‘Weekly water samples are collected from seven wells and coastal springs and supphed by the
~County of Hawaii Water Supply Department and the Miller-Leib Water Company from three
~ pumped wells in the Puna District of the Big Island. These samples are filtered for particulate matter- 7
- and analyzed for silica, chloride, copper, zinc, arsenic, fluoride, lithium, sulfate, cadmium, manga-
nese, magnesium, iron, mercury, and selemium. While results have not yet been synthesuzed there
- are significant variations in the water chemlstry of some wells (lithium, copper, and zinc in one
- well; magnesium, zinc, and arsenic in another; all fourteen elements in a third well) and noticeable

- changes in the amount of particulate matter from some wells which appear to be related to rainfall.

Temperature versus depth profiles, too, are being obtained in three wells, and single temperatures
_“are being measured at the other sites not being supplied by the county -and Miller-Leib. Finally,

- “data related-to thermal and hydrologlca! models are being collected from the state oounty, and
- U S Geological Survey.
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- CAll of these data wrll be combmed refmed and analyzed at a later date in oonjunctlon w:th
records of magmatic movement ‘under. Kllauea 's summit and rift zones, with testmg and productlon
"schedules from the several geothermal wells in Puna and with data on HGP-A effluents »

VBOILlNG HEAT TRANSFER IN GEOTHERMAL SYSTEMS )

. PRINCIPAL INVESTIGATOR ‘ Plng Cheng, Ph D - S
R UHM Department of Mechamcal Engmeenng

""PROJECTTSTAFF;»r | _ David Chui, B.S.
‘ N . Francisco Siu, BS %
UHM Department of Mechamcal Engmeermg

~ PROJECTPERIODAND = State R & D funds admlmstered by HNE!I supported this

~ FUNDINGSOURCE:- - - nine-month project during FY 1981-82. Additional funds.
T _ = .7 from a U.S. DOE institutional grant also administered by -

- “HNEI have been allocated for FY 1982—83 to complete this

- . project. . _ .

Co ,Total fundlng for FY 1981 82 $18 023

- PROJECT DESCRlPTlON AND OBJECTIVES B PN
Geothermal systems in Hawau are water-dommated hydrothermal types Wthh ‘when produc- ’

' |ng, emit both steam and ﬂUId While much is known about smgle-phase heat transfer, less informa-
tion “is: -available - on two-phase ‘heat transfer mechanisms in a geothermal environment. Thus, the

" purpose of thls ‘project is to study boiling heat- transfer in geothermal systems and to develop
. .methodology for the predlctlon of heat -transfer rates and-the size of the vapor zone around hot

“intrusives.in a geothermal reservonr Results of thls mvestlgatuon will have important implications

- - for locatlng geothermal resources, estimating maximum -possible energy extraction rates, and pre-

. “dicting the longevrty ‘of .a two-phase geothermal reservoir such as the one HGP-A is tappingon the

“1sland of Hawaii. The; pro;ect ‘consists of two tasks, formu lation of a theory for boiling heat transfer - - =

o »about hot lntruswes m an underground formatlon and venflcatlon of the theory by experlments

S ‘RESEARCH PROGRESS AND PROJECT STATUS

, Analytlcal methods have been developed to determme heat transfer rates and the size of
. vapor zones around geothermal -intrusives .of various shapes. These methods are based on the

S assumptxon that a thin film forms-at the interface between a high temperature body of molten
g »f:'“magma which has ‘intruded into overlying, water-saturated rock and the groundwater it comes into
* -contact with. -The heat transfer rate from the ‘hot intrusive to the water is related to rock permea-

T bility and to the_ thlckness of thls film. Its thlckness at any pomt is, in turn, a compllcated functlon E
‘Ofthe S Sl Tl e : -

—~

' ’5 e Temperature of the superheated mtruslve- '
: - Temperature of the surroundmg groundwater, and
o e Property ratlo of saturated steam to saturated liquid.

12




771e laboratory model above allows measure--
-ment of heat transfer rates between hot intru- -

‘sives and surrounding water-saturated -rock.

At right, a high temperature molybd’ehum5

furnace melts Hawaiian basalts for veloc:tyf '

and attenua tion studies.
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’i;Thls thrrd element mvolves parameters related to vrscoslty and speclfnc heat of groundwater B
changes in. groundwater densrty as it becomes steam; thermal expansion coeffrclent of the_ saturated o
T water Iatent heat of vaporrzatlon and thermal drffusrvrty of the porous rock medlum .

S After these analytlcal solutnons were obtamed a physlcal model was desrgned and fabrlcated
-7 in"the laboratory in order ‘to venfy them. The initial -model consrsts of a honzontal cylrnderj, -
<~ embedded in"an insulated tank of glass beads and water.:The cylinder, which is heated by an- elec.
o tjtncal current, rdeahzes a superheated mtruslve, and’ the glass beads model the water-saturated S
. porous rock ‘medium. Thermocouples ‘and Wattmeters ‘which preclsely measure temperatures and -
. ~heat transfer rates, have just been installed. During FY 198283, observations will be made to deter- -
- mine whether a vapor film will indeed form adjacent to the heated surface and at what temperature o
A }temperature and heat flux measurements will be made; and correlations for heat transfer and size of ~
. vapor zone will_be developed from project . data. A second model with a vertlcal copper plate to S
S srmulatea volcanlc drke may. also be consldered if. tnme permlts v o

| ,jsrslsmrc AND THERMAL PROPERTI ESOF HAWAIIAN BASALTS -
o PRINCIPAL INVESTIGATOR f Murli H. Manghnani, PhD. -~
R Hawan Instltute of Geophyslcs T S

VPRQJECTLS_TATF,:FE'T““; ! ﬂChandraS Ral, Ph.D." ? B I e SN

e s Ll CKeith WoKatahara, PhD
- enEe o nis oo Cheney Milholland, B. SA B S.
DT e e e ST Hawail lnstltute of Geophyslcs B ) »
7 "‘,'P'ROJECT’,P'ERlbD-iANer i “ ',‘Funds for th|s pro;ect durmg FY. 1981~82 ‘came from the"
- National Science Foundation and HNEI's U. S. DOE institu- -

- FUNDING SOURCES:

T B T e 7;}—,].;'--_.~f't|onal grant. HNEl has prowded addmonal support forl
Dl - .-~ - FY198283. .. - - o
B ;-i; Tl ATotal fundlng for FY 1981-82 $18 443 3

B ,",PROJECT DESCRlPTION AND OBJECTIVES 7}? ’}f‘:f ft L '; 'j -;;_'}}‘ L

S, A knowledge of in. sltu physlcal and thermal propertles—selsmlc velocrty and attenuatlon -
" _thermal conductivity or dlffuswnty, specrflc heat, and latent heat of fusion—of rocks is important "

o " _for deriving thermal models of a potential geothermal system, for evaluating the seismic and heat”

s :’ftransfer ‘mechanisms in such a system, and for assessing the’ feasrbrlrty of extractmg useful energy
- from it. Probably because laboratory studies of the properties of molten rock are technically diffi- -
- cult-due. 1o high temperatures and oorrosrvrty of the melts, almost no data are available on acoustic
©wave velocrty and attenuation in-rock melts. S|mllarly, whrle data are -available on the thermal -
R '{fconductrvrty of dry basalt samples, almost’ no data are available on the oombmed effects of tempera- T
- ture and pressure in actual geothermal envrronments, on the ‘thermal conductrvrty of fluid-saturated ~ -~ -

? f'-"altered The research plan for thls project whleh bullds on the pnnclpal rnvestlgators prevrous

volcanlc “basalts, or .on’ the ~changes in- thermal conductrvrty after the rocks are hydrothermally S




work, mcludes preparmg and characterlzmg basalt samples; acquiring and assembhng apparatus
necessary for measuring seismic velocity and attenuation and thermal conductivity; and collecting
- and evaluating data for possible thermal modelmg as well as interpretation of seismic data '

7 RESEARCH PROGRESS AND PROJECT STATUS

, The ‘project began by charactenzmg a varlety of Hawaiian basalt samples in terms of mineral-
ogic composmon pore volume, and structure. ldentlfymg these parameters helps explain thermal
and seismic propertles determlned durmg other project work and provrdes data for |denuf|cat|on of

- basalts in the field. , '

" While these studies were bemg done a continuous wave interferometer and related data
collection equipment were acquired and installed to test an experimental techmque for measuring
ultrasonic velocity and attenuation in basalt melts. Knowing their variation with temperature and
frequency can yield important information on the structure of the melt and on related properties
such as density, compressibility, and velocity. These, in turn, may be useful for_differentiating
magma bodles from surrounding rock and, thus, identifying their size, shape, mlgratlon and energy
potentral

, - Essentially, the techmque involves placmg a thin layer of melt between two- buffer rods
through which pressure waves are transmltted Multiple reflections of these waves in the melt layer
“interfere with each other and create resonances. Velocity and attenuation values can be obtained by
measuring the amplitude of the transmitted wave as a function of either the meit layer thickness or
the -frequency. Measurements taken in the field can then be compared to these data. To date,
compressional veloclty and attenuation have been successfully obtained on three Hawaiian basaltic
rock-types: alkalic olivine basalt, olivine nephelinite, and tholeiite. Progess is also being made on

measuring shear velocity and attenuation on these three types of basalts, -

Finally, steps have been taken to set up expenments for measurlng thermal conductrvnty of
selected saturated Hawauan basaltic rocks. - ,

STABLE ISOTOPIC COMPOSITIONS IN ROCKS AND MINERALS FROM HGP-A

PRINCIPAL lNVESTlGATOR Hsueh-Wen Yeh, Ph.D.
S 7 - Hawau lnstltute of Geophysics
PROVJVECT PERIOD AND " Funds from HNEI's U.S. DOE msututlonal grant made this

- - FUNDING SOURCE: ~ one-year project possible.
g : 7 Total fundmg for FY 1981-82: $16, 000

PRVOJVECJT DESCRIPTION AND OBJECTIVES
~ Stable isotopic composmons of hydrogen oxygen, carbon, and. sulfur in hydrothermally-

altered rocks can provide information on the sources of geothermal fluids and the nature of sub-
surface processes and temperatures in geothermal systems. This study, which centmues earlier work
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A -fRESEARCH PROGRESS

»

'7 iby the prlnclpal mvestlgator measures |sotopes in HGP A core samples to help explam the thermal o
-~ history of the Kapoho reservow and the sources and subsurface clrculatlon patterns of its geother-

mal fluids. -~ 4. =

Thlrteen samples from HGP—A cores taken at various depths have been analyzed for 6 ! t’0 an

. oxygen isotopic ratio whrch reflects the temperature at which hydrothermalalteratlon occurs That
.- -is, alteration of basalts at low temperatures results in high § ! 80 ratios while high temperature alter-
- . ation yields lower & 180 values in basalts: values of +5.7 parts-per thousand (ppt) are associated = -
- with unaltered fresh basalt; values of +6.9 ppt, with low temperature (390°F-480°F) alteration;and
, .values of #3.1 ppt, with: hlgh temperature (750° F) alteration. HGP-A's downhole profile of § 1801is, .~
- - in general, consistent- wnth this mterpretatlon Values near surface are 5.2 to 5.3 ppt; those between
© 2,235 and 4,447 Teet range from’ 6.6 to 8.4 ppt; and those at bottomhole (6,446-6, 451 feet) range

. from-2. 2 to 3 .7 ppt. Although an “exact figure is difficult to determine, a lower fimit on the altera-

B tlon temperature for the deepest core is estlmated to be about 750°F : f e " e T

S Nine HGP-A core samples have also been analyzed for their deuterlum contents The orlgln of
hydrothermal water can be mferred on the basis of this hydrogen isotope since seawater and mete- -

- oric water have dlfferent ratios of deuterium -and regular hydrogen, Calculatmg this deuterium/hy-

drogen -ratio in hydroxyl (OH) mmerals of altered basalts can. indicate the source of the water

: responsible for the alteration because the hydrogen tsotopes in H,0 equnllbrate ‘with, hydrogen :

o lsotopes in OH mmerals Such calculatlons with HGP-A core samples suggest that seawater was the

- source of the hydrogen whlch exchanged w1th the OH in the rocks R

Fmally, attempts were unsuccessful to extract carbonate (COal from the core samples for

- determlmng §13C and confirming § - 0 ratios, apparently because the concentrations of calcite

are too Iow T hls modlfles earller evudence that calclte is not uncommon in HGP-A cores.

;PHYTOTOXICITY oF GEOTHERMAL SEPARATOR BRINE e T

""'r~'€".,"PR|NC|PAL INVESTIGATORS " anford M. Siegel, PhD. el

e e AR T -. . -UHM DepartmentofBotany

Barbara Z. Siegel, Ph.D." S
PaCIflC Blomedlcal Research Center

T PgoJECT STAFF SR k :‘—_,Cheran wilson, M s.

. UHM Department of Botany
T e -}‘:Paulette Kamaka, B.S.- T B
EL o ST Paclflc Blomedxcal Research Center » T -;:{.r'

PROJECT PERIOD AND R Aside from a stipend from the National Institute of Health
FUNDING SOURCES R -~for a student assistant, HNEI has supported ‘this project in

~FY 1981-82 with funds from a U.S. DOE mstltutlonal grant = -

) _and _has made state ‘R & D funds avallable for FY 1982-83

-;;,’*’f-? S '—f—:;_; f';Total funding for FY 1981-82: $19,627.
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:,PROJ'ECT"DESCRIPTION AND OBJECTIVES

The escalation of geothermal exploratlon and its subsequent’ development ‘as an electrical
energy resource may be accompanied by disposal of large volumes of hydrogeothermal fluid. Even
~ though the quantities of boron, flouride, cadmium, thallium, lead, mercury, zinc, and copper in
HGP-A discharge waters are low and *safe’ by usual water quality standards, their impact on the
~ vegetation of the Kapoho area of Puna has never been assessed. Thus, mran,effort to continue
“surveillance of geothermal resource development in Hawaii, this study seeks preliminary answers to
two questions. First, are the concentrations of trace ions in aqueous geothermal effluents toxic
per se; toxic in the presence of accompanying trace ions; toxic with saline ingredients (Na y K+
- CI7, SO,5, etc) or toxic in concert with both trace and saline adjustments? Second, are there
readily visible signs and symptoms of toxication caused by geothermal discharge hquld? Exposing
seedlings of several ecologically and economically important plants from the Puna area to tap water,
to a saline solution, and to HGP-A ﬂund should prov:de answers to these questlons

RESEARCH PROGRESS AND PROJECT,STATUS

, " Species. tested during this project period include seedlings of Carica papaya (“‘solo”) and
Anthurium andraeanum; rooted cuttings of Metrosideros collina var. polymorpha (ohia-lehua);
seeds  of Phaseolus vulgaris (kidney bean), Glycine max (soybean), Cucumis sativus {marketer
cucumber), Brassica pekinensis (Chinese cabbage), and Zea mays (Hawaii sugar corn); and fronds of

- Lemna (duckweed). Most |mportant are papaya a major economic plant and ohla the major native.
forest tree in Hawau

Papaya seeds were cultivated, thinned to uniform seedlings, and treated. Ohia cuttings were
rooted and used eight to ten weeks after application of a commercial rooting hormone. Anthurium
seedlings were six weeks old when -tested. Seeds were germinated in petri dishes routinely, each
treatment entailing the use of sixty_or more. Duckweed plants were collected from local artificial
pond sources and used in lots of fifty or more. : :

Tests vaned from five days to four weeks dependmg on the spec|es bemg tested and some
mvolved germination while others momtored seedling growth Samples of separator discharge brine
were obtained at HGP-A and adjusted to eliminate the effects of hydrogen su ifide abatement treat-
‘ment. A sodium chloride solution of 3,600 parts per million (ppm) was used to monitor the effects

- of simple salinity. Results show that cucumber and maize were unaffected by HGP brine, whereas
“kidney bean and soybean seedlings were ‘inhibited. Among the remaining tests, three species—
anthurium, duckweed, and ohta—dlsplayed discoloration and wilting and in the latter, defoliation.
Papaya showed a moderate degree of growth inhibition and mild chlorosis or yellowmg “Anthurium,
duckweed and especially ohia also showed salt toxicity. The growth of papaya however was
'actually promoted by salinities of up to about 6 000 ppm 3
Smgle salt toxlclty trials with papaya too, have shown growth to be stlmulated or unaffected
by zinc, copper, or lead at 1 to 10 ppm. whereas cadium, thallium, and mercury were all at or near
toxic thresholds between 1 and 3 ppm. Both borate and iron were quite mhlbltory in test solutions
at 5 and 2 ppm respectively. Ohia seems to be appreciably more sensitive than papaya. Thus, brines
_ vary in their suitability for use in irrigation, and their salt content can place limits on safe disposal.
-The contribution that salinity per se makes is evident in the effects of sodium chloride at 3,500
ppm on anthurium, duckweed, and ohia: its use on sensitive species can result in slowed growth,
_ lowered disease res:stanoe, or other competmve disadvantages. On the other hand growth of dif-
~ ferent species such as papaya, cucumber and maize |s not adversely affected and may even be stim-’
ulated
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~ -~~~ Against this pattern, HGP brine would be expected to stimulate papaya growth if its behavior
.- were based solely on NaCl content. Instead fresh weight of papaya watered with geothermal brine
" showed a 21 percent reduction and mild chlorosis was evident. The specific ionic basis for any toxic
~ . -reaction above that related to salinity has not 'yet been -determined, ‘but single fon toxicity can
" generally. be ruled out by comparing threshold concentration tests with HGP-A analyses. Thus, test-

V - - ing for additional interactions remainsto bedone. .~ ,
B =" Ohia responses after-two mo 1ths to sqi(ﬁ'ejfs,olutfoh,‘t;a’\p water,and ~ -l
- HGP-Abrine. -~ ST R L
. .- .C =7 Photocourtesy of Sanford Siegel - .
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Polyethylene pipes b)'ing Warrh'and cold ocean water to research
facilities at the Natural Energy Laboratory of Hawaii at Ke—ahole
Point on the Blg Island.
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o The tropical ocean surroundmg Hawaii provudes a promlsmg renewable energy optlon—ocean

thermal energy conversion—and puts the state in a favorable position to support and infiuence
’ needed OTEC development. Because OTEC uses the relatively small temperature differences be-
‘tween deep cold ocean water (40°F) and sun-warmed surface water (80°F) to produce electricity,
enormous volumes of seawater need to be processed to extract this heat energy. Thus,
_commercially-sized OTEC plants will be very large. A 400 MW OTEC platform, for example, will
- cover ari area equal to the deck of an aircraft carrier, its cold water pipe will be 100 feet in diameter
~ and 3,000 feet long, and the amount of water flowing through the cold and warm water pipes wrll
equal the average dlscharge of the Nlle Rrver. 45 mrllron gallons per day.

i Two main types of OTEC heat engmes have been studied to date a closed-cycle system whlch‘
" heats and cools a working fluid with warm and cold ocean water and an open-cycle system which _
__uses seawater as the working fluid. Several OTEC system types are also being studied for different -
‘sites and circumstances. OTEC facilities could ‘be shore-based, tower-mounted offshore, . moored

~_ offshore, or designed to graze in open ocean. A variety of products and applications are possible,
too, wrth 'OTEC: electricity, fresh water, ‘cold nutrient-rich seawater for aquaculture, hydrogen and -

oxygen from electrolyzed water, ammonia from this hydrogen and nitrogen in air, methane or
-~ methanol from a carbon source and OTEC energy, refined. metals from raw ores brought to the
, OTEC plant OTEC promises to be a truly versatlle energy resource. - - :

: Several small-scale Iaboratory and at-sea tests have been completed to initiate deveIOpment of
~ this new technology For-several years at Ke-ahole Point, studies have been underway to solve bio-

fouling -and corrosion problems critical to the efficiency of OTEC heat exchangers. In 1979,
Hawaii’s Mini-OTEC produced 50 kW of gross power—10 kW net—to prove that OTEC at sea works.

-~ Then, the U.S. Department of Energy’s OTEC-1 operated in waters off Ke-ahole Pomt for several
o months in 1981 to conduct tests on varlous OTEC components : _ , ,

3 : Contracts too have been awarded for prlot plants and mtermedrate—scale tests. In Februaryv
- 1982, U.S. DOE announced support of two proposals for the design of OTEC pilot plants in Hawaii,
" one shore-based facility and one mounted offshore at Kahe Point, Oahu. In addition, Hawanan
Dredgsng and Construction Company has recently begun. Phase Il of a three-phase project to design,
construct, .and install and operate an B-foot diameter, 400-foot long, fiberglass-reinforced plastic
cold water pipe. Phase |l of this project will take place at sea, 3.25 miles south of Honolulu, and -
~ will use the Mini-OTEC barge. The pipe will then be recovered, modified, and barged to Ke-ahole
Pomt to test mstallatlon techmques for shore-based or shelf-mounted OTEC facllltles : :

Other OTEC related tests at the Natural Energy Laboratory of Hawau at Ke-ahole Point and

st the university will- help answer many remaining questions about OTEC's technology, ocean engl- ’
neerlng requrrements and enwronmental effects HNEI is supportlng several of these

-fzd |




 D=DISTANCE RANGES FROM 500 FEET TO 1000 FEET.

PROTOTYPE OCEAN WAVE MEASURING SYSTEM
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- DEVELOPMENT OF A DIRECTIONAL WAVE SPECTRUM MEASUREMENT SYSTEM FOR
~OTEC APPLICATIONS .~~~ - .

. PRINCIPAL INVESTlGATOR.,, ?f ‘Theodore T. Lee, PhD.
R . UHM Department of Ocean Engmeenng

»PRQJEcT STAFF: -~ . 'i,Martm‘Vltousek Ph.D.

PETIE Jomt lnstltute for Marme and Atmospherlc Research
.- Frances Benevides, M.S.
-7 UHM Department of Electncal Engmeermg
-+ Ray Jeffcott, M.S. :
- Federal Aviation Admlmstratlon
R B ~ TarzenSu,M.S. '
S e L T UHM Departmentof Ocean Englneermg

 PROJECTPERIODAND = ;'State R & D funds administered by HNEI support this
' FUNDlN_G SOURCE: - _project which runs from January through December 1982.
R  Total funding for FY 1981-82: $21,391. - ;

PROJECT DESCRIPTION AND OBJECTIVES

N S The goal of thls pro;ect is to develop a relrable wave measurement system capable of deter-
~_mining directional wave spectra in deep water with good resolution. Such a system is currently not -
o available but is desirable for validation of analytrcal models which predict the dynamic responses of
- _the platform/cold water pipe/mooring system and for design of offshore OTEC structures. Direc-
. tlonal wave: data of good quality will be useful for Hawaiian Dredging and Construction Company’s
) t-sea cold water plpe test and for the deslgn of two OTEC pllot plants near. Kahe Pomt Oahu

R _ RESEARCH PROGRESS AND PROJECT STATUS

To explore exlstlng technology developments the prmcnpal mvestrgator attended the lnter-r

' natlonal ‘Symposium on Directional Wave Spectrum Applications and the Atlantic Remote Sensing =

Land-Ocean Experlment Workshop. No proven system ‘is suitable for measuring dlrectlonal wave
L spectra in deep water, but several- shallow water buoy systems under development now have advan- -
.- tages and dlsadvantages for deep water use:- “a cloverleaf buoy, a directional waverider buoy, e
"~ NOAA research buoy, an EN DECO buoy, and several subsurface buoys Work oontmues to examlne .

: lfthe relatlveperformancesofthese jj e el e T BERER :

ln May, desngn of a new dlrectlonal wave spectra measurement system was completed All o
S hardware ‘components were ordered by June, and fabrication of the electronic system is scheduled
“to begin i in August pending delivery of key parts. The system itself consists of three low-frequency .
sonic transducers mounted in a triangle at the ocean bottom and a sonic receiver installed in a buoy
S ﬂoatmg freely at'the ocean surface, The transducers, each of which is assigned a unique audio fre-
. quency (400, 500, and 600 Hz) for identification, transmlt a continuous audio signal which the -

I sonic receiver detects and amplifies. This receiver also measures, as a function of time, phase differ- =
ences between lncommg -audio signals from each transducer and an on-board reference signal and - -
records these data for later processing and analysis. Analyzmg phase differences to ascertain abso- - -

_lute position of the buoy as a function of time yields wave. height records as well as two dlmensronal
L velocuty records, from these dlrectlonal spectra can be determlned S - :
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) Steps to prepare for system validation have also been taken. Arrangements were made with
Lawrence Berkeley Laboratory to use a waverider buoy previously used for the OTEC-1 project.
~ The buoy has been checked, repaired, shipped to the NOAA Engineering Support Office for cali-

bration, and returned to Look Laboratory for future use in validation of the new wave spectra
measurement system.

BREAKING WAVE FORCES ON OTEC PIPES

PRINCIPAL INVESTIGATOR: Robert A. Grace, Ph.D. ¥
o UHM Depai'tment of Civil Engineering

PROJECT STAFF: ; Fredenck M. Casciano, M.S.
- “UHM Department of Ocean Engmeermg
fan L. Sandison -
-Matthew W. Bonini
UHM Department of Civil Engineering

- PROJECT PERIOD AND State R & D funds administered by HNE| supported this
- FUNDING SOURCE: -two-year project in FY 1981-82 and will continue to do so
o _-during FY 1982-83. S
_ Total funding for FY 1981-82: $33,5621.

PROJECT DESCRIPTION AND OBJECTIVES

A 12-inch diameter, high-density polyethylene pipe at Ke-ahole Point supplies cold water
from a depth of 2,000 feet to laboratories at the Natural Energy Laboratory of Hawaii. The pipe
runs along the seafloor to the nearshore zone where it is supported by saddles as it slants up and
over a low cliff fronting the facility. Even under moderate wave conditions the area where the pipe
‘comes over the cliff is a churning ball mill. The pipe is subjected to large forces whenever wave con-
ditions are appreciable, and, already in the several months since their emplacement, some pipe sad-
dles have had to be repaired. The purpose of this project is to determine exactly the forces exerted
by breaking seas on a pipeline such as the one at NELH or those used by nearshore and shore-based '

- OTEC plants.

, For both logistical and financial reasons, the project site is the nearshore area between
Kewalo Basin and Honolulu Harbor, directly offshore from the J. K. K. Look Laboratory of Ocean-
ographic Engineering where extensive ocean engineering field research has been done in the past.
Two-year project tasks include determmmg the preparing the locations at sea for experimental
components; ordering, constructing, and testing data measuring and recording equipment; designing,
fabricating, and installing a wave-measuring mast; assemblmg the test pipe and mstallmg it at the
- “test site; and collecting and analyzing data. : :

RESEARCH PROGRESS AND PROJECT STATUS
Investigating breaking wave forces oﬁ ‘a test pipe requires a shallow test site in 12- to 14-foot

depths. During February and March, after project personnel determined lines of swell propagation
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- and swell movement on. the bottom ‘and identified areas of falrly level bottom _topography, a site

- was chosen almost directly downswell of an ‘already established offshore test site at the 37-foot
depth thus allowmg measurement of incoming wave conditions. A mooring system was established

- at the site and two pipe positions were determined for.the tests, one oriented to the wave fronts
- with a 52° angle and the other, with a 90° angle. Holes were drilled in the seabed at appropriate
E locations; threaded rods were secured |n these holes with epoxy, and pipe supports were installed

Cin preparatlon for the pipe. : ‘

Meanwhr!e 12-mch dlameter standard steel prpe was purchased to fabricate a central test
. 'prpe section and two flanking pipe |engths to be fixed to the ocean floor. The 4-foot long test sec-
" tion was constructed to connect to the 12-foot long side pipes through strain gage beams within
“the pipe to make the overall test pipe length 28 feet. Both ends of the test section were closed off
~with recessed plates; the ends of the side pipes away from the test section were bulkheaded; and
-pipe saddles were fabricated and positioned at sea. The three sections of pipe were then barged or
- towed to the test site where divers, with the help of lift bags, positioned them, bolted them into
place, and eventually secured - them at. each’ saddle. Because the test pipe had satisfactorily with-
-stood the attack of sizable swells occurring over several stormy periods, it appears that a stable test
set up has been estabhshed to permit the satisfactory recovery of good test data on wind conditions
~ and concurrent wave forces. Data measuring and recording systems have been ordered and will be
,assembled tested and mstalled durrng the next six months to prepare for the data collection.

- Photo courtesy of Robert Grace

Waves break over cold and warm water pipes at IVELH '
left. ,Aboye, temporary weights and ropes hold main test
- pipe while project divers install force-measuring seetion.'
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ENVIRONMENTAL EFFECTS OF OTEC CHLORINATION

'PRINCIPAL INVESTIGATOR: Francis J. Sansone, Ph.D. o
" ' - UHM Department of Oceanography
Hawaii Institute of Geophysics - -

" PROJECT STAFF: ' - Richard B. Spencer, Ph.D.
: Frederick M. Mencher, M.S.
James W. Woessner, M.S.
- Aquaculture Associates
" Terrence J. Kearney, B.A.
'UHM Department of Oceanography
Steven A. Katase, B.A.
Natural Energy Laboratory of Hawaii :

PROJECT PERIOD AND - HNE! has allocated sums from both state R & D and U.S.
FUNDING SOURCE: ' DOE institutional grant funds for thls two-year _project.
' Total funding for FY 1981-82: $35, 361

PROJECT DESCRIPTION AND OBJECTIVES

) A major problem facing designers of OTEC plants is keeping heat exchanger surfaces free of

fast-growing biofouling films in order to optimize temperature differences and, thus, plant opera-
tion. Chlorination appears to be a promising means for controlling such biofouling, but chlorination
of marine waters can result in the production of halogenated organics, many of which have been

shown to exihibit mutagenic, carcinogenic, and/or cytotoxic properties.- Little is known about these -

organics, about their accumulation by aquatic organisms, or about the many halogenated inorganic
species that are also major products of seawater chlorination. OTEC development—heat exchanger
designs and amount and frequency of chlorination needed to check blofouhng—may depend on
understanding these processes in troplca! waters

“This study aims first at answerlng the followmg questions about the chemlcal dynamlcs of
halogen transformations:

© What are the major erganic and inorganic products of- seawater chlorination?

© Are these products different qualitatively and/or quantltatlvely m warm shallow
~and deep cold waters? ,

© How do changes in the chlorme concentration affect these reactlons and- the|r
kinetics?

'Tasks lnclude measuring major organic and i lnorgamc products of seawater chlorma’non determlmng
‘their productlon rates as a function of chlorine added, and conductlng bloaccumulatlon expen-
- ments.

o RESEARCH PROGRESS AND PROJECT STATUS

, 'Equipment has been received and methods are being developed to m'easuie the concentration
of inorganic halogen species and halogenated organics produced as a function of time after chlorina-
tion. Both surface and deep tropical sea\}vater'as well as seawater treated with ultraviolet light to
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; 'ehmlnate dlssolved orgamc constltuents are belng used in these tests. Measurement techmques for
: Jnorgamc halogens include phenylarsine oxide amperometric titration, ultraviolet absorption spec-
- troscopy, and differential pulse polarography. Halogenated organics are detected and measured with

high resolution gas chromatography ‘and a halogen-selective Hall electrolytic conductlwty detector.

‘Initial results indicate that seawater chlorination at the level of 1 part per million produces approxi-
mately 30 parts per million of volatile halogenated organics. Experlments have also begun to deter-

mine whether these productlon rates are well defined functions of the amount of chlorme added

-to seawater All of these tests wnll run for one calendar year ‘ B

Constructlon of tanks at the NE LH aquaculture test pad is complete for the bloaccumulatlon"

7 'experlments. The cold water pipe and related pumping system are in place and functnomng, two
tanks, one for chlormatlon and one for control, are operational. Cu lturing of organisms to construct
-a food chain—phytoplankton, brine shnmp, artemia (tilapia), ‘and oysters—have been successful in

small tanks, Organisms will be transferred to test tanks soon and retained there for four months.
~ Cells or tlssues will then be homogenlzed and analyzed usmg methods similar to those used for
measurlng the halogenated organlcs. ' e

777ese tanks at NELH hold phytoplankton;
and brine shnmp for bloaccumulation expen-
“ments.

‘Phato’ by Frank .Sansone '




The Hawaiian sugar industry produces over 7 percent of the state’s electricity by burning

‘bagasse and pelletized bagasse, below.
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L Blomass whlch lncludes organlc matter such as agrlcultural crops grasses trees algae and

‘ ammal wastes, -is a- versatlle ‘energy resource that can yield solid, liquid, and gaseous fuels for a -

T vanety of end uses. “The source of this energy |ssunllght ‘which plants and algae use with water‘and
~ carbon’ dioxide to \produce ‘oxygen, lignin; and ‘carbohydrates. The lignin and these stored carbo-
hydrates—sugars starches, celluloses—can be converted to usable energy products in’ several ways

Currently, the Hawanan sugar mdustry ls meetlng over 7 percent of the state s annual elec— ,

trlcal needs’ by dlrect combustlon -of cane waste and bagasse. The plantations’ bo:lers and Moloka|
_ Electric’s new. blomass borler can also burn-hay, pineapple waste, wood - chips, mumclpal waste,
macadamla nut shells,-and:varjous other feedstocks,’ including pelletlzed bagasse. Under- considera-

- "*~tlon too, are plans for H -POWER, the’ Honolulu Program of Waste Energy Recovery, whlch would

--burn tons of urban waste- mstead of 500, 000 barrels of orl, Maur Hawan and Kaual are dls—
cusslng urbanwaste pro;ectsaswell E -?»; TR S R T

Other thermochemlml processes more compllcated than d|rect combustlon are also posslble
for blomass converslon. Gasnflcatlon or: hydrogasnfloatlon requu'es hlgh temperatures and

somet|mes hlgh pressures “with.an_ ennched hydrogen atmosphere to. convert _organic ‘matter t0-

gaseous products Hydrogasnflcatlon for- example, can turn manure and plant wastes into_methane "
- and ethane.. Pyrolysls requires high temperatures, and sometimes hlgh pressures and the absence of

’ ', air, to break-apart complex organic molecules to yleld a variety of hydrocarbon products. Since -

August 1980, Pacific Resources, Inc.; HNEl and the Institute of Gas Technology {IGT) have been -
evaluatmg a hydropyrolysrs smethod to- oonvert Hawanan “biomass to LPG, oil, ‘and-char.” The
UHM/HNEI Coral Industries Proféssor of Renéwable ]Energy Resources is also conductmg baslc
research on flash pyrolysrs and gasrfrcatlon of bromass prTE LS »: el

: Biochemlcal processes are a thlrd way to convert blomass to gas and Ilqmd fuels ln anaeroblc
dlgestlon bacterua or-other. mlcroorgamsms break down organlc substances in'the absence of oxygen- -
to produce methane ‘gas. Yeasts - convert sugars to alcohol in the fermentatlon “process. Efflclent
systems “for- anaerobxc dlgestlon are. presently operatlng on several swine and poultry farms in the -
-~ state, and a small-part of Hawaii’s 320,000 tons of sugar. cane molasses is now being converted by -
: —fermentatlon into- alcohol for- fuel use. Ethanol from- this feedstock or from pmeapple juice, could -
- be. used in gasohol—a" 10 percent alcohol ‘90 ‘percent- gasolme m:xture—for mternal combustlon
, engmes or- m'vehlcles modlfled to operate on alcohol fuel, e :;,,;‘, * Sk TEE T

|rnportant in contrlbutmg to the state s energy future both as borler fuel and as feedstock for |IQUId
S - fuels. To that end, HNEI is supportlng several pfOJECtS for blomass productlon blomass conversron
T ‘and biomassfuel USB. o T T e e R




CHARACTERIZATION OF LlPIDS FROM AN ALGAL PRODUCTION RACEWAY

V'PRINCIPAL INVESTIGATOR | ';'Edward Laws, Ph.D. CT
: UHM Department of Oceanography S

PROJECTSTAFF: B ,’Kenneth Terry,PhD R - L e
R - Michael Chalup,BS. R
B S - Janice Hirata, B.S. e R
ST . '~ Tanya Tagami, B.S.
- : ' - Glacomo DiTullio, B.S.
UHM Department of Oceanography

- PROJECT PERIOD AND . Funds from several souroes have supported this multl-phase :
- FUNDING SOURCES: - project since 1979: U.S. DOE Solar Energy: Research Insti-
- tute, Hawaii Department of Planning and Economic Develop-
_-ment, and HNEI. For FY 198282, HNEI funds mme from a
~ U.S. DOE institutional grant. :
Total funding for FY 1981 82: $281 601

i 'PROJECT DESCRIPTION AND OBJECTIVES

Objectwes of the algal raceway pro;ect are to grow the diatom Phaeodactylum tricornutum in

a hlgh density mass culture system, to harvest the cells, to determine their lipid content and char-

~ acter, and to evaluate these lipids for use as ‘an energy resource. Overall tasks for thls long-term
pro;ect Iastmg perhaps elght years or more wuth four phases areto -

e- Desxgn and construct an algal production raceway system having an area of approx-
imately 540 square feet, and verify that estimated productlon rates of about
. 60 tons of oil per hectare-year can be achieved; IR : '

© Develop a satisfactory harvestmg method for the algal oells * o

© Characterize the physuochemml propertles of P.. tncomutum partucularly its -
lipids. . , F o _

- Constructlon of the raceway has been oompleted for many months and a haryestmg dewoe is
efficiently removing cells with a minimum of energy expenditure. Efforts during FY 1981 82 have
focused primarily on characterizing P. tricornutum since using this alga as an energy or protem
source requnres detailed knowledge of its ||p|ds ' o :

. o Determlne lipid welght :
e Separate polar and neutral ]rplds
e Further charactenze these hpnd fractlons

*RESEARCH PROGRESS AND PROJECT STATUS
Lipxd extraction is accompllshed usmg a modified Bllgh Dyer prooedure The total |lpld$

~ extracted in benzene, are dried in a nitrogen ‘atmosphere to remove trace amounts of water and are _
_then suspended in hexane or chloroform and stored in mtrogen at - 4 F to prevent oxndatlon




Polar and neutral l|p;ds are separated by column chromatography usmg f|0rlSl| or srlnclc acld Flonsal

arseparated polyunsaturated fatty. aclds will be measured quantltatwely, and batch cultures W|ll be -

--is easier to handle and produces faster ﬂow Tates, but it must be pretreated by baklng at 1 200°F s
and by acld washlngtodevelop proper adsorptwe characterlstlcs »? 5,‘“ I v;’v - { o

G Analyses of prellmrnary samples show that llplds comprlse 10 to 20 percent of the dry werght
of harvested algae Between 25 and 30 percentof thellpld matenal is nedtral lipid; the remainder is

. polar “These polar lipids can be resolved further into™a’ glycolipid fraction '(65to 60 percent) and a -
phosphohp:d ‘fraction {20 to 25 percent) “using acetone and methanol respectively. The- neutral - 7
- lipids ‘are 'even further. resolved by - th|n~layer chromatography (T LCl Qualltatlvely, most of these - .

‘neutralllpids are tl"l- dl- and mono-acylglyerrdes

Although reports in the lrterature clte up to 80 percent |Ip|dS in P tncornutum cultured
under very low-growth- rate condmons ‘results from thls project ‘indicate a ]lpld content of 151020 .
percent Adry’ welghtl from P. tricornatum in mass culture. Since neutral lipids, ‘those of most lmpor- ERE
~tance for -fuels, constitute about 25 to -30:percent of P, trlcornutums total llplds hydrocarbons .- el
account ‘for. only: 4 percent of the product dry. welght However fatty acids, ‘which are in both the e
~neutral and- polar dipid fractions-of P. tncornutum can easnly be decarboxylated to yleld hydro— SR

'“carbons.'"Gas chromatography wull be necessary to perform the fatty acld analyses S L

Because an mtelllgent evaluatlon of the merlts of growmg P trlcornutum in mass culture o

- réquires-a detalled product analysrs these analyses wrll be done and will include a study of carbon'l :

-chainlength -and-degree of saturation. of: the various: ‘classes of lipids. Total fatty’ acids will be -

sampled to determlne Wthh parameters produce the optlmum yleld of- total fatty acnds e SRR

Tbe ~“four ':f:berglass algal .V'r.aceways at SnugsHarbor each cm:ulate ComT e
210gallonsafwater T T e e e




PILOT-SCALE ENERGY TREE FARM RESEARCH

" PRINCIPAL INVESTIGATOR:  James L. Brewbaker, Ph.D.
: i UHM Department of Horticulture -~ -

PROJECT STAFF: "~ Kenneth MacDicken, B.S.

: . Rick-Van Den Beldt, M.S.

UHM Department of Agronomy and Sonl Sclences

Charles Sorensson
Colorado State University Department of Agronomy
and Soil Sciences
PROJECTPERIODAND  HNEI has provided funds for FY 19§1l82 and for FY 1982-
FUNDING SOURCES: - -83 for this project, which also has limited support from the

U8, Department of Agriculture, the U.S. Agency for Inter-
national Development, and U.S. DOE. :
- Total funding for FY 1981-82: $55,461.

: 1
.‘I“H"“ T

i

-~ Leucaena seedlings are grown at UH's
Waimanalo nursery for energy tree farm
planting.

Photo courtesey of Kenneth Machcken
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N PROJECT DESCRlPTlONANDOBJECTlVES e SRR

The purpose of thls pro;ect is to establlsh small (2- to 20-acre) pllot tree farms on Hawan
Mauu ‘Molokai,-Oahu, and Kaual to determine agronomlc feasibility, relative productlon levels, and

o costs for bromass fuel specles ‘in Hawaii.- Each site 'will be chosen -in collaboratlon with an agency. -

agreelng to make a land commltment to ‘the study, provndmg the requisite land preparation, and

- acceptmg responsrbllrty for the trees at the end of the experiment(three to eight years). The sites -

- will represent the major avallable zones - for fuelwood plantations, agricultural lowlands, mldland

margmal lands, and- hlghland grass and forested lands and -crops will mclude mtrogen flxmg trees -
2 alone and in combmatlon wrth nonmtrogen flxmg trees Research wnll - - .

Develop performance data and cost estlmates for establlshment and management

e ) ‘e Demonstrate srte llmltatlons and potentlals |n dlverse ecologlcal zones to support
A fuelwood tree specres, ’ e .

LT o Provrde energy trees from dense plantatlons “for crltlcal evaluatlon of denslty, -

- moisture content, and calorlflc value of fuelwood to assess the productwrty and
valueofby-products and = T DU

- l e Develop comparatwe data between tree farm blomass and herbaceous plants

A 'f'"?f'i"" notably sugarcane grown for bagasse other grasses and pmeapple and agrlcul-

LR 1 turalwasteproducts e RN O A i

Plannlng and preparatron Phase t, wrll mclude surveylng srtes developmg cooperatlve agreements

- planting seedlmgs -and ‘preparing -a data collection ‘system.. Durmg Phase Il plantatlons will be *
: '*:_establlshed and a blomass research document wnll be prepared AR . -

- .@’RESEARCH PROGRESSAND PROJECT STATUS' S 4;_'»‘;_,_ R R e

" to- determine mterests and to ‘define responslbllmes for the oooperatlve demonstratlon tnals From :

Detarls of fleld tnals have also been developed to ensure the generatron of data adequate to

A 'meet research objectlves Desrgns are suffncrently flexible to allow for special research ‘needs of-indi-

RO vrdual cooperators and site specrfrc problems, but similar enough to allow comparatrve analyses of _
Al data for. statewrde recommendations. Estimates of seed, seedling requwements and nursery produc- el
-7 tion capaclty have been made for. each of the’ proposed sites. Some 6, 000 seedlmgs were sown for :E:. :
S plantmg early in Phase 1 -and additional. ‘seed has been- procurred for use in direct seedlng trrals

" also to be initiated early in~Phase 11. Equupment “and- supphes rangmg from potting media and -
S Thand-held ‘herbicide applicators to measurement instruments and chain saws are ready as ‘well. Wlth
. these: ‘Phase 1 activities’ completed preparatlon and actual plantmg of a mlmmum of three to flve
R f srtes wrllbegm early in Phase Il e T T e U L e s DT Ty e

- A total of flfteen potentlal plantlng srtes have been |dent|f|ed durmg Phase l through drscus-
- -slons with possible cooperators and. by site ‘inspections. Of these potential sites, five are currently
S programmed for site preparation. and planting-early in Phase I, ‘with three additional sites tenta- - _
. tively scheduled for establishment later. Detailed discussions were held with potentnal cooperators -

° these -discussions mformal draft memoranda of agreement were drawn-up for slgnature pnor to. -
i,-»;;actual fleldplantlngs LT o e R P s - ST




ON-FARM METHANE GENERATION WITH SLUDGE RECYCLING

' PRINCIPAL INVESTIGATOR: 7 ng-Yl Yang, Ph.D. . '
o o UHM Department of Agncultural Engmeermg
PROJECT STAFF:  Steven Nagano, B.S.
C ‘ g ~ Brian Koba ' o
7 UHM Department of Agncultural Engmeermg
PROJECT PERIOD AND c HNEI funds supported laboratory studles on methane fer-

- FUNDING SOURCES: . - _mentation in FY 1976-77 which led to installation and opera- -
o - _ tion of an anaerobic digester in 1978. Research on necessary
" “improvements has been funded by the U.S.  Environmental
- Protection Agency (FY 1980-81) and by HNEI (FY 1981-82)
fromstate R & D monies.
, Total fundmg for FY 1981-82: $58 450

PROJECT DESCRIPTION AND OBJECTWES

Anaerobac lagoons have been used for many years as the main anlmal waste d:sposal system in
the U.S. The biodegradable portion of the wastes undergoes anaerobic deoomposntlon to produce
carbon dlox1de methane, ammonia, and water, and the undigested wastes are routinely removed
from the lagoon for field spreading as soil conditioners. The pond or lagoon is covered if the
methane is to be collected or used. Another system, however, a stable anaeroblc digester with sludge
recycling, offers more efficient blogas production, reduced land costs, and an integrated animal
waste management system for energy production and utilization and pollution control. The rubber-
ized digester itself is inexpensive and easy to mstall and operate as previous tests by the principal
investigator show. With sludge recycling, the system promlses mcreased -gas productlon rates per
dngester volume. This pro;ect s purposeis .- :

. ® To investigate the operatlonal performanee of anaerobic dlgestuon of swine waste
with sludge recycling by varying hydraulic retentlon tlme and/or loadlng rates of
total volatile solids; and - -

"~@ To develop necessary deslgn and operatnonal criteria for an on-farm methane gener-
ation process with sludge recycllng -

' RESEARCH PROGRESS AND PROJECT STATUS
The pro;ect began by mstalhng a 706 cublc feet anaeroblc digester with feedmg tank settlmg

- tank, and sludge recycling tank at the Waialee Livestock Research Farm operated by the UHM
College of Troplcal Agriculture and Human Resources. Operational performance of the methane'

- ,fermentatlon process was monitored by measuring biogas production and total volatile solid (TVS)

»concentratlons in the influent, effluent, and recycled sludge. Biogas was measured by a gas meter; -
- other parameters (pH, TVS, etc.) were determined. by following standard methods; and the gas
7 component was analyzed indirectly usmg reactlons of potassnum hydromde and carbon ledee ,

Four hydraullc retention times of nine, snx four, and two days were lnvest|gated at various

- loading rates for total volatile solids. After a number of trials, maximum gas production rate and gas
yleld obtained were 1.73 cubic feet per cubic foot of liquid volume per day and 8 cubic feet of gas
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produced per pound of total volatlle sollds at loadmg rates of 0 23 ( i 0 06) pounds pé? cubic foot =

‘='e Expected gas productlon rate/ 1 5'cub|c feet per cubnc foot of llqmd volume per o
' . day wrth a methane component m the gas equal to 65 to’ 75 percent :

"‘»Methane gas is. produced in tlns ~anaeroblc drgester mslalled w:th‘

feedrng, settlrng,and sludge recyclmg tanks. = - —
: ' LS Photo courtesy of P Y Yang o

- of liquid voluroe per. “day. Methane constituted between 66.7- percent to75 percent of the blogas. A
o Recommendatlons for desrgn and operatlonal crltena are summarlzed as follows. T
g SR e 7; e Temperature 77°F to 95°|= : i - e
el f':"i' f o ?Ratlo of flow rate of recycled sludge to mfluent flow rate 0 25 S ]
7 - ;o 7 Flatuo of TVS of recycled sludge to TVS of dlgested efﬂuent 2 0 :
S ) < Feedmg frequency ';three times’ a week when mfluent TVS concentratlon is ‘l 25 -
T "t0°1.87 pounds per cubic foot or. once a day when mfluent TVS concentratlon is:
] - ;"062poundspercublcfoot SR —~_f S e —




’HYDROPYROLYSIS OF BIOMASS TO PRODUCE LiQuiD HYDROCARBON FUELS

1 PRINCIPAL INVESTIGATOR - PaulC Yuen Ph.D.
FOR HNEI SUBCONTRACT: o UHM College of Engineering
PROJECT STAFF:  Arthur Seki, M.S.
- 7 'Hawaii Natural Energy Institute
PROJECT PERIOD ANAD In September 1980 Pacific Resources lnc was awarded a

FUNDING SOURCE: ~US. DOE grant to examine the feasibility of commerclally
: ’ produclng hydrocarbon fuels from biomass feedstocks avail-

able in Hawaii. The Institute of Gas Technology has been
responsible for testing a conversion process, and HNE!
received a subcontract for resource assessment and technical
assrstance Project perlod is from August 1980 through March
1983.
Total fundmg for FY 1981-82: $33,738.

PROJECT DESCRIPTION AND OBJECTIVES -

Thls pro;ect is to evaluate the use of IGT's HY FLEX™ hydropyrolysis process for convertmg
Hawauan biomass feedstocks to liquid and other fuels such as oil, LPG, and char HNEl s tasks
include :

© Characterizing the biomass resources in Hawaii, mcludmg amounts presently avail-
able and chemical composutlons

o Determining present land use and land ownership to |dent|fy potentlal plant sites;

e Collecting techmcal economic, and financial data pertammg to cultlvatlon harvest-
. -ing, replantmg, and preparatlon of feedstocks; :
- @ "Helping assess envrronmental and socloeconomlc issues related to blomass produc-
tion; :

e Participating in integrationand eyaluation of overall study results. 2 '
RESEARCH PROGRESS AND PROJECT STATUS

HNEI began by gathering mformatlon on available and potentially avallable blomass resources’
in Hawaii:-sugar cane (bagasse, leafy trash, and sugar cane stalks); dried pineapple plants; ocean -
crops (kelp and seaweed) trees (eucalyptus, giant koa haole, ohia, and albizia); and grasses (napier
and guinea). More -intensive studies to match cultivation and harvestmg requirements with available -
and accessible land areas were then begun. The State Forestry Division of the Department of Land
and Natural Resources and the University of Hawaii provided information on specific environmental
requirements for each crop. Additional data came from examining the available literature from the
United States Department of Agriculture, the University of Hawaii, the U.S. Forest Service, the .
Commonwealth Scientific and Industrial Research Orgamzatlon of Australia, and others -

‘Next, data maps showmg topography, rainfall, land use zones, present land use, sonl condi-

tions, and land ownership were made for Hawaii, Maui, Kauai, and Molokai. By combining informa-
tion on these data maps with envrronmental requrrements for specific crops, new maps were formu-
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-

“lated showmg the areas avallable for each crop on each |sland PRI and IGT in the meant|me had -
" determined-a base case -minimum plant size of 1,000 barrels per day which would require 1,000
. bone dry tons of biomass per day plus 500 additional bone dry tons to meet in-plant energy needs.

Given a standard biomass production rate of 10 bone dry tons per acre per year, the biomass farm -

- to supply feedstock for this plant must be 45,000 acres. The maps indicated that eucalyptus— ,
E. Grandis, E. Sallgna and E Globulus-—and the Blg lsland were the most promlsrng combmatlon of o

feedstock and area.

The flrst potentlal slte selected Walakea, was rejected because the pro;ect oould threaten

. endangered plants and bird species at lower elevations in this area. A second plan called for using- w

noncontiguous sugar lands in Kohala and grazing land ‘above Honokaa and Hilo. A biomass work-

. shop, with partlmpants from the state the university, and private concerns, met in Hilo October 7,
" 8, and 9 to examine tree species, site conditions, soil characteristics, nursery requirements, planta-

tion establlshment soclal and environmental issues, and financial aspects. The ‘market value of

, producmg 467 500 bone dry tons of woodchlps per year was calculated to be about $58 per bone 7

dry ton..

Because Puna Sugar Company lands may be- ldle soon and because eucalyptus tree farms

. _ appear feasrble for this area, a second tree farm workshop was held June 8 9 and 10 in Hilo. -
- Results are now bemg evaluated B . : o i e

i UHM RENEWABLE RESOURCES RESEARCH LABORATORY

‘k"-PRINCIPAL |NVESTIGATOR = Michael J. Antal Jr Ph.D. -

-UHM/HNEI Coral lndustrles Professor ‘of Renewable |
Energy Resources : S

pRo JECT STAFF L i o Andrew Cutler, M.S.

-~ Mark Hopkins, B.S. -
- William Mok, BAA.
- - UKM Renewable Resources Research Laboratory

~ PROJECT PERIOD AND . . ClP funds admlmstered by HNEI have been used durmg

',V;FUNDIN‘G‘SOURCE:' T ’i—,"FY 1981-82 to_ support construction of - this laboratory
o RIS .Total fundmg for FY 1981—82 $121 633 '

F PROJECT DESCRIPTION AND OBJECTIVES

Thrs pl’O]ECt provudes a major Iaboratory wpablllty to support the newly establlshed Coral

- Industries Chair for Renewable Energy Resources. ‘Establishment of this facility also contributesto
“both undergraduate and graduate programs in mechamcal engineering as well as to the University of -

.- Hawaii’s research effort in renewable energy resources, especially biomass pyrolysis and solar flred ,

~ chemical reactor design. “Tasks include’ renovating 1,100 square feet of existing laboratory space in -
-Holmes Hall; providing necessary utilities (electrical, water, air, gas, vacuum), a toxic fume hood,

- benches, cabinets, safety and-security enclosures; and purchasing needed equipment and testing

' devices. These ‘will supplement the $300,000 worth of equipment the first Coral Industries Profes- '
_sor bnngs from hIS federally funded research activities at Princeton Unrversnty \
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RESEARCH PROGRESS AND PROJECT STATUS

- Initial work consisted of carpentry work in Holmes 140 to accommodate the laboratory
equipment. Major items from Princeton were ‘then unpacked, reassembled, and installed: a 5 kW
xenon-powered downward-facing beam arc-image furnace with 5-foot - diameter paraboloidal
mirrors; five additional 5-foot diameter paraboloidal searchlight mirrors; an optical system with
deep ellipsoidal mirrors and a 5 kW Tungsten halogen lamp; a Setarem differential scanning calori-
meter with associated pressure vessels and reactor system; an HP5840 gas chromatograph; an F&M
model 500 gas chromatograph; an HP3388 GC integrator; a Valco gas sampling valve system and a
gas-phase pyrolysis reactor system using an infrared furnace

Furnishings and additional laboratory equipment were also purchased and installed:

Erlab CAPTAIR portable fume hoods;

HP5790 gas chromatograph;-

Waters ALC 200 liquid chromatograph;

30 kW xenon light system for the arc-image furnace;
Mettler H51AR balance;

Computerized (IBM PC) data acquisition system; and
Two-stage mechanical vacuum  pump.

. The laboratory has been operatlonal since April 1982, and three research projects are
presently in progress.

REACTOR/RECEIVER DEVELOPMENT FOR FLASH PYROLYSIS OF BIOMASS USING
CONCENTRATED SOLAR RADIATION

PRINCIPAL INVESTIGATOR: MlchaeIJ Antal, Jr., Ph.D.
UHM/HNEI Coral Industries Professor of Renewable

Energy Resources

PROJECT STAFF: Markw Hopkms B.S.
' : UHM Renewable Resources Research Laboratory
PROJECT PERIOD AND This project, which runs from April 1981 to September
FUNDING SOURCES: - 1983, is funded by the U.S. DOE; additional -support has

come from the National Science Foundation and the Solar
Thermal Test Facilities Users’ Assocratlon
rTotaI fundmg for FY 1981-82: $11,533.

PROJECT DESCRIPTION AND OBJECTIVES |

Whlle low temperature wood pyrolyms has been understood and was used in the U.S. as a
source of methanol for many years, research in the 1960s suggested that flash pyrolysis—the rapid
heating of biomass in a nonoxidative environment—could convert organic materials into more
valuable fuels and chemicals. Flash pyrolysis, however, requires a high-temperature heat source and
developmental research on equipment design and operating parameters to achieve desired product
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 yields. The objectlve of this pro;ect then, |s to complete bench-scale research activities to develop a
B jsolar-frred blomass flash pyrolysrs reactor Tasks mclude

- Arc-image furnace constructron
Cold flow tests of spouted bed reactors ‘ ,
Des:gn fabrlcatlon and testing of a prototype flash pyrolysrs reactor, ,

Final design ‘and fabrication of the flash pyrolysrs reactor, mcludlng provrsmns for
- continuous removal of char;

o o o o

e Upgradmg of the arc-lmage furnace to 30 kW and charactenzatlon of its perform-
~.ance; ‘ ,

(5] [Insta!latlon of the reactor and a reflectrve cawty within_ the arc-image furnace'

o Measurements of the system S magmfrcatlon factor throughput product yleld o
and composmon - , ’

BIOMASS
" FEED

> PARABOLIC
~ MRRRORS

| SAMPLING SRUP

COLLECTION

* soLAR FURNAGE AND pvaous:sg REACTOR
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RESEARCH PROGRESS AND PROJECT STATUS

The first three project tasks have been completed during FY 1981-82. The arc-|mage furnace
used to test reactors being developed is fully constructed and operational. This furnace simulates

- solar radiation with a 5 kW xenon short-arc bulb and uses a series of parabolic_and flat mirrors to

reimage the arc of the bulb to intensities of over 200 watts per square centimeter at the focus of the
furnace. :

Cold flow tests have also been conducted with Pyrex reactor chambers WhICh have various
inlet diameters at their tapered lower ends. Particulate biomass and char are placed in the reactor
chamber, and carbon dioxide introduced at the bottom inlet passes through this feedstock bed,

entrains some of the particles (depending on their partlcular sizes and densities), and suspends them
in the chamber. Varying the gas flow rate allows various components of the biomass material to be
“spouted” to different heights and, thus, drawn off or left in the reactor to be pyrolyzed

- After completing cold flow tests to determine optimum operating parameters, a spouted-bed
~ reactor was designed and built from clear quartz tubing 1 inch in diameter and 17 .inches long. Bio-
- mass is fed into the reactor by a small vibrating feeder placed on top of the reactor. Rad:ant energy
concentrated in the arc-image furnace passes through the transparent walls of the reactor. The bio-
mass quickly pyrolyzes and the volatile products become entrained in the gas flow used to spout the
bed. They leave the reactor and are condensed and saved in cold traps for analysis.

Initial tests of the reactor have shown that it is capable of producing Sirups'equal to 60 per-

cent of the original feedstock weight. Kraft paper and dried corn cob have also been pyrolyzed in_

the reactor and have yielded high proportions of sirups. These sirups can be converted to many
other valuable products including polyurethane, ethanol, glucose, olefins, and pharmaceuticals.
Pyrolysis also results in a gaseous mixture of products made up of carbon monoxide and dioxide,
‘hydrogen, acetylene, ethylene, and small amounts of various other hydrocarbons.

~ The logical conclusion of this report is the fabrication and testing of a continuously operating
reactor in order to determine experimentally the reactor’s magnification factor, throughput, and
product yield and composition. The project continues through FY 1882-83.

Varying operating parameters
during flash pyrolysis of biomass
produces a variety of energy

' products
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fDETAlLED STUDIES OF THE EFFECTS OF PRESSURE ON BIOMASS PYROLYSIS AND
GASIFICATION

» ,PRINCIPAL INVESTlGATOR ,MlchaelJ Antal Jr., Ph D. AP s
o - UHM/HNEI Coral lndustrres Professor of Renewable
Energy Resources o .

 PROJECTSTAFE:  William Mok BA.

o UHM Renewable Resources Research Laboratory
- ~-PROJECT PERlOD"AND RN Pacrflc Northwest Laboratorles has funded thls pro;ect from
EUNDING SOURCE: ST May 1981to August 1982.. -~ o

- Total fundlng for FY 1981—82 $20 197

:PROJECT DESCRIPTION AND OBJECTIVES

o Vanous reactors are presently in commerctal operatlon or runnmg m a pilot scale to pyrolyze ’
“and gaslfy biomass and solid wastes. Many desngn considerations such as improving throughputs,
jreducmg costs of product gas compression, and i mcreasmg reaction rates underlie the development

-of high pressure reactors. Though the effects of pressure on the pyrolysis chemistry, product distri-

" bution, and heat demands are essential for reactor design, they have never been systematically
“studied. This project, therefore, is desrgned 0 detail the effects of pressure on the heat of pyrolysis -

of six selected biomass materials. A second objective is to extract mechanistic mformation and test
“the hypothesxs that a certam global competmve mechamsm controls the way -all biomass materlals

spyrolyze
; RESEARCH PROG RESS AND PROJECT STATUS

B The experlmental apparatus consusts essentlally of two mlcroreactors embedded ina tubular :
~differential scanning calorimeter. Using a DSC to study heat of reaction is common, but the present -

’ ~ system is unique because it allows operations under high pressure (25 atmospheres) and controlled

flow of carrier gas. Cellulose, hemicellulose (xylan), and lignin, the basic components of wood;

o “ levoglucosan, a baSIC unit of cellulose; plus wood and corncob, representatlves of abundant natural

- blomass resources have all been tested dunng the pro;ect perlod

T he basrc parametnc study has mvolved pyrolysls of each materlal under fwe drfferent ,

‘fpressures and two flow rates. By ‘carefully manipulating pressure, flow rate, and temperature his- -
~ - tory, different segments of the complex scheme of degradatlon reactlons have been exammed and o

- these fmdlngs have resulted

’ e Specaflc heat of pyrolysns for SIX b|omass materlals ‘
’ e " Details of cellulose pyrolysrs mechamsms e }, -
lnfluences of pressure in the degradatlon routes du rmg le'OlYSlS

ST These new data ‘and other lnformatron collected durmg a I|terature search suggest that a-
' ,_global competltrve mechanism operates in all ‘biomass pyrolysis. Under this mechanism, a material
- can either dehydrate or decompose to- form char {plus gases) by one route, or depolymenze or -
~ volatilize to form tar and other light hydrocarbons by another Remalmng pro;ect efforts will focus

- on completlng data evaluatlon and publlshmg results o

a0




VERIFICATION OF REACTOR PERFORMANCE AND EXAMINATION OF THE MECHANISMS
AND KINETICS OF CELLULOSE PYROLYSlS

PRINCIPAL INVESTIGATOR: Mlchael J. Antal, Jr., Ph.D.
: " UHM/HNEI Coral Industries Professor of Renewable
Energy Resources

PROJECT STAFF: ' Andrew Cutler, M.S.
S ~UHM Renewable Resources Research Laboratory
PROJECT PERIOD AND - This three-year project has been funded by:the Solar Energy
FUNDING SOURCE: - -Research Institute and will continue -through December -
1982. '

Total funding for FY 1981-82: $25,390.
PROJEVCT DESCRIPTION AND OBJECTIVES

. Cellulose pyrolysis is extremely complex and can best be understood by studying the pyrol-
ysis of simpler model compounds. Rapid pyrolysis of cellulose produces, as an initial degradation
product, levoglucosan, a sugar which is a simple structural unit of the more complex cellulose
molecule. In turn, several simpler compounds represent various parts of the levoglucosan structure:
glycerol, dioxolane, dioxabicyclooctane. Determining the pyrolytic chemistry of these last two
and combining this information with the known mechanism of glycerol pyrolysis should clarify the
chemistry of levoglucosan pyrolysis, and ultimately, of cellulose pyrolysis.

The project has two phases: verifying the performance of a Iaminar-flow pyrolysis reactor and
then examining carefully the pyrolysis of these compounds chemically related to cellulose Tasks
include

Design and construction of a laminar-flow reactor;

Verification of reactor performance and development of a theoretlcal understand-
ing of reactor behavior;

e Selection and performance of control experiments, including pyrolysis of mate-
rials whose pyrolysis mechanism and kinetics are known;

o Synthesis of levoglucosan a methyl- and o, o dlmethylglycerol and dloxab|cyclo-
octane; and :

© Determination of the pyrolytlc kinetics and mechanisms of these compounds to
clarify cellulose pyrolysls

"RESEARCH PROGRESS AND PROJECT STATUS

The first three project tasks have been oompleted during FY 1981 82 and work has started
on the fourth. First, design and construction of a laminar-flow (gas flow is slow enough to be
laminar instead of turbulent) reactor are complete. The design allows rapid heating of reactants to

- the desired temperature, holding them at an accurately controlled temperature for a precise time
period, and then cooling them rapidly to prevent further reaction. A series of temperature, flow

rate, and gas composition measurements were made to verify that the reactor performed asitwas

designed. These led to a few minor changesim operating procedure. In addition, the literature on
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'»"'Iamrnar-flow reactors {most of whlch is theoretlcal in nature) led to some rmportant insights about
: ‘what to expect from the prolect reactor. »

Since 'Iaminar-flow reactors ,have not been widely used for Kinetic investigations, some
experiments were conducted to demonstrate the reactor’s ability to yield accurate kinetic data.
Acetaldehyde and tert-butyl alcohol, which have been widely studied by a variety of techniques,
‘were pyrolyzed; and the values obtained were checked agalnst values in the literature. Results verr-,

_fi ed reactor performance.
Following this prOcedure glycerol, which bears a structural similarity to certain parts of the
: :cellulose ‘and levoglucosan molecules, was pyrolyzed to determine the mechanism of pyrolysis and a
first order rate constant descnbmg it. Methyl- and dimethylglycerol have also been synthesized in
preparatron for pyrolysrs. Work continues on synthesrs and pyrolysls of these model compounds.

. “Above, flat and parabolic mirrors concentrate and focus arti-
" ficial sunlight on a glass reactor at the focal point of the solar -

~ furnace. Left, Andrew Cutler cantrols blomass feed rate mto
'thereactor. S T e




‘ ALCOHOL/WATER MIXTURES AS FUELS

VPRINCIPAL INVESTIGATOR Deane Knhara Ph.D.
: 7 UHM Department of Mechamcal Englneerlng
PROJECT STAFF: Bryan Young, B.S.
Hawaii Natural Energy Institute
- PROJECT PERIOD AND HNEI supported this nine-month demonstratlon project from

,FUNDING SOURCE: state R & D funds.
' - Total funding for FY 1981-82: $6, 965

PROJECT DESCRIPTION AND OBJECTIVES

Only initial work has been done to determme the feasibility and advisability of modlfymg
gasolme engines to operate on alcohol fuels, fuels which could be produced from biomass feed-
stocks. In a preliminary study funded by HNEI, three distinct types of gasoline engines were retro-
fitted for short-term road tests using 100 percent ethanol. This first effort was impressive but iden-
tified several mechanical problems which need to be solved. The purpose of this present project is
to begin where the initial work ended by determining procedures for -successfully retrofitting
internal combustion engines for alcohol fuel under Hawaiian driving conditions; by testing, under
controlled laboratory conditions, actual engine performance and fuel combustion efficiencies using
~ ethano! and methanol; and by experimenting with alcohol/water mixes for optlmlzed economics
_and fuel efflcrency. General tasks for this project include

e Retrofitting two automobiles to ooperate on alcohol fuels;

Performing laboratory controlled tests with a dynamometer to establlsh engine
performance and emissions rates; s

e Testing ethanol and methanol fuels for differences in performance and engine
tuning requirements; : :

K Experimenting with ethanol/water and methanol/water mixtures to identify opti-
mum alcohol fuels;and - :

; _ 'é Conducting road tests to verlfy Iaboratory results.
RESEARCH PROGRESS AND PROJECT STATUS

Two automoblles a 1975 four-cylmder Toyota and a 1963 elght-cylmder Mercury, both with
automatlc transmissions, were retrofitted by removing and flushing the fuel tanks, replacing fuel .
outlet hoses, replacing line filters at the carburetors, removing and cleaning the carburetors, enlarg
- ing mam and idle jets, resetting ignition timing, and relnstallmg modified carburetors e ~

Followmg conversron the Toyota 1ogged 768 mlles on 1 00 percent ethanol over a perlod of
two and a half months from November 17, 1981 to February 1, 1982. Mild cold start problems
disappeared after normal operating temperatures were reached, and performance was satisfactory.
Driving conditions included city as well as freeway driving, and fuel consumption using ethanol was
14.8 miles per gallon as compared to 21.3 miles per galion with gasoline. After logging 768 miles,
however, deposits formed which clogged the carburetor jets. Repeated cleaning of the carburetor,
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fuel’ llnes and fuel tank dld not rectlfy the problem Energy dlsperswe analysns of x- rays and x-ray '
‘power diffraction analysns mdlcated that the deposuts contained a large amount of aluminum, a

" small amount of iron, and traces of copper "and zinc. A search of the literature suggested the possi- o

~ bility that the unknown deposnt may be aluminum ethoxide, but due to the absence of publ|shed
x-ray diffraction “data on _aluminum ethoxide, the. deposit -could not be posmvely identified.
: Because these depos:ts made further operatuon mpossrble no tests were funon the engme dynamo-f -
meter rrrrr : S : Sl - . :

: The Mercury station vl/egon was converted to methanol use in December 1981 and was driven
3,160 miles over a four-month period, primarily on freeways between UHM and the north shore of

‘Oahu. Fuel consumptlon was 6.8 miles per. _gallon of methanol compared to 14 miles per gallon of -

' ‘ gasoline, and drlveablllty was excellent W|th no cold start problems or carburetor deposnts

After loggmg 2 600 mlles the vehlcle ‘was - tested for performance and power output with
alcohol/water mixtures as fuel. The first test used 100 percent methanol, simulated a load, and mea-
sured the power output at the rear wheels at speeds of 40 and 50 miles per hour. Then, without
~ changing the carburetor settings or the ignition timing, the fuel was changed to a methanol/water
- mixture and the engine tested again. Results indicate that with mixtures as dilute as 80 percent
“methano!/20 percent water, power output on the dynamometer was comparable to that for gaso-

line ‘use. No~ long-term road tests were conducted, however. Engine performance with a 70/30°
‘mixture was erratic; at least wnthout further modlflcatlon of the englne thlS mlxture is unsuutable .
. asan automotlve fuel S e ns e T e e T , -




A 1.8 kW Enertech is installed on a 90-foot tower at Kahuku during
an HNEI Wind Energy Technical Workshop. Below right, a 200 kW
Winco and a 300 kW Dragonfly charge batteries under the Enertech. 7
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Hawan has some of the most favorable wmd reglmes in the world Northeasterly trade wmds
blowmg across the state approximately 70 percent of the time and mean annual wind speeds
between 16 to 24 miles per hour (at 30 feet) at numerous sites provide a total wind energy poten-
tial equal to many times Hawaii’s energy needs. But a number of technical and nontechnical aspects
of wind energy need to be addressed to accelerate its use: wind’s intermittent nature, proper siting -
of wind energy conversion systems (WECS), WECS reliability, utility mterfacmg and grld stablhty,,
corrosnon flnanclng, permlttlng, safety, and aesthetlcs among others ‘ :

) Many pubhc and prlvate groups who have recogmzed the key role that wmd can play in

~ Hawaii’ s energy future have already committed funds and effort to wind energy development. The

- federal- “government.- has provided funds for WECS and meteorological towers; state and county

funds have made wind- studies-and an additional data tower possible; the University of Hawaii's

_ Department of Meteorology (UHM-M) has undertaken a pioneering resource assessment program;

utilities,. industry, wind resource developers landowners, and others have already installed over 70 .

'WECS, including a 200 kW MOD-OA at Kahuku, and have plans for additional WECS for diverse

' appllcatlons and plans are in various states or readiness for an 80 Mw wmd farm on Oahu and
everal smaller wmd farms on Maur Molokar and Hawan ‘ : S :

ln addltron HNEl in cooperatron wrth many of these same publlc and pnvate groups, has -
establrshed a Wind Energy - Research, Development, and Demonstration Program to focus efforts on

- ‘the key .issues of resource assessment, WECS reliability verification, wind energy appllcatlons v

- research, and nontechnologncal issues related to wmd energy development. Because good wind

energy- conversion results—that is, those that maximize output at minimum cost—depend on good S ’

‘wind regimes, the most important element of ‘any wind energy development program is comprehen-

- sive wind-energy resource assessment to compile accurate information for intelligent WECS siting -
-and research With wind data and equipment to collect data readily available for research and siting
decisions, WECS hardware development ‘and optrmrzatlon can occur. Siting prototype WECS in
Hawau s 16 to 24 mile per hour wind reglmes makes possible fong-term reliability verification and
" helps to resolve questions-such as economic vrabrluty, corrosion protection, optrmrzatlon of output, -
- and grid mterfacmg Then, although generation of electnclty is likely to be the primary application
“of wind energy, many other appllcatlons are possrble especnally given wind's intermittent nature.
Pursumg areas of research which will lead to a varlety ‘of viable wind energy applications serves to
~increase wind" s total contribution to Hawaii’s ‘various energy needs. But hardware development
- optimization, and diversification are only part of any thorough wind energy development program.
“While these are being carried on, many other issues need to be addressed possible barriers removed,

-and support programs developed. Envrronmental and social issues related to wind energy develop- - -

“ment-need to be examined; legal questions of ‘infringement and. wind rights need to be settled;
zomng and permitting requirements need to be clarified; and economic details and fmancmg alterna-
“tives need to be developed. Projects supported by HNE! durmg FY 1981-82 have focused on these- :
four elements of the Wmd Energy RD & D Program ‘




WIND ENERGY RESOURCE ASSESSMENT

PR INCIPAL INVESTIGATOR: John W. Shupe, Ph.D.
R - , - Hawaii Natural Energy Institute

'PROJECT STAFF: A D. Richard Neill, B.S., M.Div.
S - : ~ Bernard Holst, A.A.
Raymond Rapalee, A.A.
Robert Connelly, M.S.
~ Michael Burger, B.A.
- Hawaii Natural Energy Institute -

PROJECT PERIOD AND ~ This ongoung project has been supported by HNEI's state
FUNDING SOURCE: R & D and CIP funds during FY 1981-82. -
: : Total funding for FY 1981-82: $53,596. -

PROJECT DESCRIPTION AND OBJECTIVES

Three kinds of data are important for those who wish to consider investing in and installing
wind machines or for those interested in wind research: information identifying overall areas where
wind speeds are high; long-term measurements in those areas identified as good wind regimes; very
specific wind data to help determine precise WECS locations. The UHM Department of Meteorology
completed several years ago a statewide assessment which established wind power classes and classi-

fied sites on each island according to them. Several long-term data stations were then installed by
UHM-M, the U.S. DOE’s Pacific Northwest Laboratory, and HNEI, among others, to add to those
‘already operated by the National Weather Service. UHM-M and HNE! also acquired mobile meteo-
rological vans with sensing and recording equipment, hand-held TALA (tethered aerodynamically

lifting anemometer) kites, and portable wind data accumulators for short-term slte—speclflc data -

collection.
During FY 1981-82, tasks related to wind energy resource assessment include

Maintaining three HNEI and three U.S. DOE/PNL meteorologxcal towers
Identifying the site for a fourth HNEI tower;

Improving an anemometer loan program;

Establishing an Hawaii Wind Energy Data Bank; and

Publishing wind energy data |

® 0o 0 © ©

RESEARCH PROGRESS AND PROJECT STATUS

HNEI “has three meteorological towers, two 150-foot towers at Kahua Ranch, Hawaii, and
- Moomomi Beach, Molokai, and a 60-foot tower at Kalaupapa, Molokai. The 150-foot towers have
been instrumented with wind speed and direction sensors at approximately 30-, 90-, and 150-foot
levels, and at the base of the towers automatic recording systems collect data on magnetic tape at
6-minute intervals. The 60-foot tower at Kalaupapa, part of HNEI's Wind Energy Battery Storage
Research Program, measures wind speed, wind direction, global insolation, and time of wetness at
30 and 60 feet, and a Campbell Scientific CR-21 micrologger records the data at 6-minute intervals.
Under a contract with Pacific Northwest Laboratory of the U.S. DOE Wind Systems Program, HNEI
is also maintaining three 164-foot towers located at Kahuku, Oahu; llio Point, Molokal and Kahua,
Hawaii. _
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L Keepmg these wmd data acquisltlon systems on lme operatlonal and prowdmg reliable data,
is dlfflcult because Hawaii’s very corrosive environment and a strong steady wind regime take their

- toll on the sensitive electronic equipment. 'HNE!-has made regular bimonthly inspections to lubri-
~cate moving parts, ‘make wiring checks, clean tapeheads, and replace malfunctronmg parts, lncludmg
T 'wmd speed and dlrectnon sensors and dataloggmg equipment ‘ 4 ,

A fourth 90 foot tower is to be mstalled on Kaual when the approprlate slte is selected

e HNEI in consultation with Kauai County and Kauai Community College, has installed a portable
, ‘anemometer at two promising sites, one near- Koloa and the other on a ridge near Kawelioka Point.
~ Data, which were “collected at 6- mmute intervals. for two months, indicate that neither site is opti- -
e mal. for, sntlng of the long-term meteorologlcal station. The first site has good aggregate wind energy -
- - but varies significantly from gusty to calm periods; wind speeds at the second site are so similar to
.. Lihue Airport data that erecting the tower here is not justifiable. Two additional sites suggested by .
R the county and the commumty college will be measured before the tower s1te IS determmed '

: Durlng FY 1980—81 HNE! purchased nlneteen portable wund data accumulators and twenty_' :
- Dwyer hand-held wind speed {indicators for an anemometer loan program which ‘has been firmly
" established during FY 1981-82. Coordinators on Oahu, Molokai, Kauai, Hawaii, and Maui provide a -

_ 36-foot telescoping mast with guy wires; an anemometer, connecting cable, and wmd data accumu-

lator assembly, written instructions for siting the measuring equipment; and assistance with data
interpretation. Several dozen individuals and groups interested in making site-specific wind energy -

; "j,measurements have borrowed this equipment this year in exchange for makmg thenr collected data o
;"Vavallable to HNEI for the Wind Energy Data Bank = : : : ~

Thls data bank too has been establlshed thls year Eqmpment purchased mcludes an Apple

T Computer storage dlskettes software programs, and an upgraded printer. The system can retrieve '
- data from the UHM Department of ‘Meteorology’s data system as well as store information in the

University's HP3000 computer, Seventeen long-term meteorological towers throughout the state,

‘including UHM-M’s and HNEI's towers and several operated by the National Weather Service, U.S.
- DOE, Maui County, and Kahua Ranch, are now collecting wind data and relaying them to HNEI's

central- wind data bank. Short-term data taken by those who use HNEI's anemometer loan program

. ~are also recorded “Average daily wind speeds from -the- long-term stations and wind energy maps of
- each island are made available to Hawaii’s ‘wind energy community through the quarterly “HNEI
- Wlnd Energy Techmcal Bulletm “ the frrst rssue of whrch was marled in March 1982 S

fwecs RELIABILITY VERIFICATION AND WIND ENERGY APPLICATIONS RD& b "

PRlNClPAL lNVESTlGATOR ,JohnW Shupe Ph. D

Hawau Natural Energy lnstltute . "; B Sl

- - - Byron Auker, S.M.-
*_Bernard Holst, AA. -
~ " Raymond Rapalee, AA
James Bac, B.B.A." e
v Hawau Natural Energy lnstltute
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PROJECT PERIOD AND This continuing project was supported during FY 1981-82 by
FUNDING SOURCE: state R & D and CIP funds administered by HNEI.
- Total funding for FY 1981-82: $59,858.

PBOJECT DESCRIPTION AND OBJECTIVES

‘Long-term operating experience wuth adequate instrumentation and performance data gath-
ering and monitoring are needed to identify and correct WECS developmental problems and to
‘prove WECS reliability so that economics can be accurately calculated and investor risk can be
reduced. HNEI's Reliability Verification Program has been established to provide and/or encourage
such testing. And the Wind Energy Applications RD & D Program aims at putting wind machines to
work in diverse applications, electrical and nonelectrical, to solve complex utility-related problems
as well as to address issues such as installation procedures, storage, corrosion, and output optimiza-
tion. Tasks for FY 1981-82 include developing and testing a WECS monitoring system, procuring
wind energy conversion systems, and planning specific applications for these WECS.

'RESEARCH PROGRESS AND PROJECT STATUS

HNEI has purchased ten CR-21 mlcrologgers from Campbell Scientific whlch W|II be used to
secure data on installed WECS in Hawaii. This equipment measures wind speed, wind direction, and
time of wetness as well as kilowatt output, amps, volts, reactive power, and blade revolutions per
minute. The system has been designed to document long-term performance by collectmg data at
6-minute lntervals with cassette tape changes every month.

The first effort to put this momtormg system into use was successful, even if the WECS being
monitored was poorly sited and installed. HNE! instrumented a 5 kW WECS located in Honokaa
by another state agency. The Campbell Scientific equipment monitored wind speed and WECS
performance but collected only I|m|ted data before the machine failed. HNEI s momtorlng system
is, however, ready to be used.

HNEI has acquired several machlnes for vanous applications which will be equupped wuth this
momtormg equipment: :

15 kW Windtech

15 kW Millville-Hawaii
9.2 kW TUMAC

1.8 kW Enertech

1.5 kW Aeropower

300 W Dragonfly

200 W Winco

Plans are in various stages for their installation and testing. The 15 kW Windtech is scheduled to
be erected in September 1982 at Kahuku as part of a wind/nitrogen fertilizer project (see project
description this section). The 1.8 kW Enertech was installed in July 1982 on a 90-foot tower at
Kahuku during an HNEI Wind Energy Technical Workshop. Two small 200 W direct current WECS,
the Dragonfly and the Winco, will also be instrumented and monitored along with the Windtech and
Enertech at Kahuku. The 12 volt DC Aeropower battery charger will either be mounted on a 40-
foot tower on the roof of a building, possubly Holmes Hall at UHM, as an experiment for rooftop
WECS or be used for classroom training.
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The City and County of Honolulu and HNEI have also made arrangements for cooperative
research and development on wind energy conversion systems at the Kahuku Wastewater
Plant. HNEI will install and maintain a 15 kW Millville-Hawaii horizontal axis wind turbine and/or a
9.2 kW TUMAC vertical axis wind turbine at the plant to help produce energy needed to operate
sludge and influent pumps and other equipment. The machines will, at the same time, provide an
opportunity for research on corrosion protection and system performance. The City and County
will cost share up to 80 percent of the value of the electricity the WECS produce Eventually,
Honolulu will have the option to acquire the machines.

WIND ENERGY BATTERY STORAGE PROJECT

PRINCIPAL INVESTIGATOR: John W. Shupe, Ph.D.
' ' Hawaii Natural Energy Institute

PROJECT STAFF: : D. Richard Neill, B.S., M. Div.
George Curtis. B.S.
Byron Auker, SM.
Robert Connelly, M.S.
James Bac, B.B.A.
Bernard Holst, A.A.
Raymond Rapalee, A.A.
Hawali Natural Energy Institute

PROJECT PERIOD AND This three-phase research and development effort is sup-
FUNDING SOURCE: ported by U.S. DOE through Sandia National Laboratories
' and the Rocky Flats Wind Systems Program. Phase | was
completed July 31, 1982 Phase It contracts are now being
discussed.
Total funding for FY 1981-82: $74,280.

PROJECT DESCRIPTION AND OBJECTNES; i

Since utilities need to control precisely their generating capability and loads and since wind
is intermittent and unpredictable, storage can increase wind energy’s contribution to utilities’
fuel requirements. Thus, the purpose of this Wind Energy Battery Storage (WEBS) Project is to
analyze, design, construct, and test a battery storage system attached to a WECS and Molokai
Electric’s (MOECO’s) utility grid. Phase 1 of the project is a preliminary design analysis; Phase 1]
consists of evaluating Molokai Electric’s newly installed generating system and completing a final
system design; Phase 111 will include construction, operation, and monitoring of the system.

Specific tasks forrPhase | include -

Collecting meteorological, utility loading, and component cost data; |
Developing various system configurations and performance measures;
- Evaluating system configurations by computer simulation; and

o o6 0 0

Refining system design parameters.
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:-:;RESEARCH PROGRESS AND PROJECT STATUS

: Data- necessary for a WECS/battery/utlllty system analysns have been collected durmg thls
: year ‘First, meteorologlcal data were collected at two sampling sites, HNEI s Moomomi Beach tower
_-and the Kalaupapa Settlement; to determlne WECS smng and performance pro;ectlons Datawere
St -"ﬁcollected -as usual from ‘the 150- foot ‘Moomomi tower, and a new 60-foot meteorologlcal tower was
. _installed near Kalaupapa Alrport and lnstrumented at.30- and 50-foot levels to measure wind speed -
" - and global . msolatlon ramfall temperature -and tlme of wetness. A" Campbell Scnentlflc CR- 21
'mlcrologger recorded these data from November 1981 through June 1982. Then a procedure was
: "j.developed to. pro;ect long-term data from Kalaupapa by correlating Iong-term ‘hourly wind data _ -
- from Kahuku, Oahu a similar wind site, wnth the short-term Kalaupapa data. Next, a set of voltage
" current; ‘and power transducers and a CR-21 mlcrologger ‘were connected to Molokai Electrlcs
Kalaupapa ‘substation to collect data on typlcal dally {oads and power varlatlons MOECO supplled
" this information for the entire island, and’ both sets of data were stored in HNEI/UHM computers..
S Fmally, equupment shlpplng, mstallatlon operatlon and ‘maintenance costs were ‘collected by
LT ,zfquestlonnalres for all prlmary system components—-WECS batterles power condmonmg umts and. -
R ,”related equupment . S TR T i S U

Whlle these data were gathered two avallable computer programs were evaluated for use m
. _'the WEBS slmulatlon -but. nelther was appropnate A new. program was then developed to prOject
- system performance rough srzmg, and costs,- Varlables mclude WECS size, battery size, trans-
~ mission- losses, wind energy “at’ WECS site, percentages of tlme battery system and utlllty provide
-power, and- amounts of battery dlscharge Two 1 measures of performance were also determlned the
; ' prlmary one bemg percent of annual demand supplled by WE BS = -
A A number of revrews verlfled the ba3|c program provuded lmportant addltlons and 1dent|f|ed
- the need for ‘certain modlflcatlons Trial. runs and sensitivity: tests were completed 1o refine the -

- year. of constant wind and ‘then comparing results with those from manual calculatlons Inputs were "
- refined; nomenclature was clarlfled data were rounded off to srgmflcant flgures llmmng condltlon :
tests were done - S

; Fmally, varlous slmulatlons prlmanly for Kalaupapa ‘were - run and analyzed Although
battenes ‘and- WECS located at Kalaupapa could increase the level of wind energv used by MOECO,

- ‘program. even further. ‘One |mportant test “for example consnsted of running the program with a - 47, :

- costs were 100 high for a _storage system insucha hmlted appllcatlon. Storage located at MOECO's s o
power plant -and used asan integral part ‘of the total generating system, ‘however, appears promising.- - .
~-Phase I}:will examine 'MOECO's néw generatmg system ‘and estlmates of output from the wmd farm e

belng developed byMolokal Energy, lnc ln northwest Molokal e DR L B TS

Af_:.lohn W Shupe Ph D R
o -'Hawau Natural Energy lnstltute

PRINCIPAL lNVESTlGATOR
FOR HNEI TASKS : -




-PROJECT STAFF FOR - D Rlchard Neill, B.S., M. DIV
- HNEI TASKS: - Bernard Holst, A.A.
SRR ' , Raymond Rapalee, A.A.
Hawau Natural Energy Instrtute

PROJECT PERIOD AND ' ,Thls three-year research program is cooperatwely funded by’ :

FUNDING SOURCES . _the. UHM College of Tropical ~Agriculture and Human
"~ Resources, the East-West Center, and the Kettering Institute,
whlch are responsible for the fertilizer production process, -
-and by HNEI, which is responsuble for the WECS to power the
process.
' Total fundlng for FY 1981-82 $5 000

' i PROJECT DESCRlPTION AND OBJECTIVES

Nrtrogen fertilizer, whlch is currently being produced prlmarlly from natural gas requrres the
second highest energy use in Hawaiian agriculture and aquaculture after water pumping. In an effort

to cut costs and ensure supply, this project proposes to generate fertilizer in the field using nitrogen -

. from-air and electrlclty from a wind turbine generator. The process simply sends an electric arc
__through air in a hollow tube to combirie free nitrogen and oxygen. Water is then added to produce
* _ nitric .acid which, when combined with - elther hmestone or phosphate rock produces a mtrogen

 fertilizer. ' : L :

) - The Kahuku Seafood Plantatlon of Systemsculture Inc. on Oahu is the research site where
- HNEI is installing the small wind energy conversion system whlch will supply electnclty for the
process. HNEI tasks for FY 1981-82 mclude

- Purchasing WECS
Preparing site and foundatlon

Installing tower and. electrrcal hookups
Installing and testlng WECS

o 0 o0 o0

RESEARCH PROGRESS AND PROJECT STATUS

A United Technologies Research Corporatlon 15 kW prototype WECS was dehvered at

- Kahuku in early 1981. Several months later UTRC decided not to produce their machme commer-
- cially and offered to repurchase the machine. Windtech, Inc., however, who acqurred the UTRC

_ designs, agreed to make major modifications in the WECS system with the tepurchase money pro- - -

vided by UTRC. The generator assembly, rotor, and tower remained essentually the same while
 major changes were made in the support column and turbine frame. The 15 kW Windtech is a three-
phase, 480 volt system with a 32-foot blade diameter, and its 50-foot tilt-up tower can be raised

and lowered by one man, using a battery operated winch. It cuts in at 9 -miles per hour, and pro- -

"duces 2-kW at 12 miles per hour and up to 15 kW at 25 miles per hour or above An estlmated
50 000 to 60,000 kWh of electrlcuty will be generated each year at th|s Iocatlon _

During November 1981, efforts began to install the WECS foundation. A soil survey indicated

‘that the high water table and coral bed on the site would necessitate modifications of normal
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foundatron speclf‘ catlons ,The sxte was excavated remforcmg rods were- mstalled and a total of i
i '-27 cublc yards of concrete were poured m frve pads one for the tower three for guy wires, and one~ o

In June ‘an 8- mch dlameter tubular steel tower was dehvered to the srte in two 26 foot pleces - }}
- whlch were bolted together, Bécause of the severely corrosive atmosphere at Kahuku, the tower was - L
repnmed with zinc- chromate and repamted with exterior marine paint._ The 50-foot tower was then "l
_ erected and guyed at two- helghts' with 1- mch wnre..PIans were also drawn for electncal wmng, and ‘
thls was done before the modlfred WECS. was mstalled on the tower C

18 kW .Enertech in-the dlstance. The Wmdtech 50-foot
"tllt-up -tower.can be’ ‘raised and Iowered by one man, usmg
--a battely operated wmch '




: SAIL-ASSIST ED TECHNOLOGY FOR PACIFIC MARINE TRANSPORTATION

: PRINCIPAL INVESTIGATOR Theodore T. Lee, Ph.D. - o
: UHM Department of Ocean Engmeermg .

PROJECT STAFF: ' - Karl Samples Ph.D. SR
T ' ‘UHM Department of Agrlcultural Economncs R
~ Wayne Thiessen, B.S. IR -
- “Leo A. Daly, Inc,, Alfred Yee Dwrsron .
Angela Topliss, B.S. : , :
. UHM College of Business Admmlstratlon e
Mauro Vidal, B.S.
UHM Department of Ocean Engmeenng

- PROJECT PERIOD AND Thls pro;ect runs from March 1982 through June 1983 and

" FUNDING SOURCE: . - issupported by HNEI's state R & D funds in FY 1981-82 and
- ‘ U.S. DOE institutional grant funds in FY 1982-83.
Total fundmg for FY 1981-82: $7, 746. '

PROJECT DESCRIPTION AND OBJECTlVES

The goal of this pro;ect is to evaluate the economic and technical feasnbmty of sall-asslsted
ocean transportatlon in the Pacific Basin. Objectives of the project are several

Complete a market opportumty analysns for sarl-assnsted technology in the Pacific;

Establish approprlate routes for sail-assisted technology by evaluatmg the ocean
- environment (wind, wave, and current oondmons) :

" @ Complete an economic analysus of sail-assisted ocean transportatlon for specified
routes,

e Evaluate the most approprlate technology and shlp confrguratlons for sall-assxsted
- ships intended for different purposes;: : :

e ,Compare the costs of retroflttmg exrstmg shlps with salls versus newly desrgned
and constructed sall-asslsted shlps .

- Preparing vessel performance compansons vessel routes, and economic feasnblllty analyses
could result in important and advantageous modifications to dozens of shipping routes under the
~ responsibility of the United States, the Federated States of Micronesia, the Marshall- lslands Govern
, ment the Commonwealth of the Northern Marlanas and the Republlc of Palau

RESEARCH PROGRESS AND PROJECT STATUS .

During the last several months much effort has gone into developing an economic computer
model. Input parameters include vessel design and materials, capital and operating costs, vessel
speed and performance, sailing routes, environmental and meteorological factors, markets, and
operating requirements. Some of these input data have also been collected. A literature search pro-
vided details on vessel types; propeller, hull, sail, and rigging designs; engine size; hold and deck
capacities; and vessel lifetime. Technical information on sail configurations and vessel performance
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_7 is bemg secured from the developer ofsthe world 's flrst computer-operated sarl-assrsted shlp, Sun;?‘.h,; R
~ Aitoku Maru.-1n Aprrl ‘data-on wind and climate were collected:from the UHM Department of -
“Meteorology which- will also provrde ‘more detarled mformatlon as specrfrc sail-ship routes are -~

S 7 - selected.. And. durmg June and Ju!y data related to economlcs markets and salhng routes were:
collected in Ponape and Yap ' = SRR ,

- : ;3 CF Varlous sallmg routes havealsobeen studled especrally |n the Federated States of Mrcrones:a; }j;f _
”ﬁ L where 'some_of the routes are hfelmes for food supphes and export cargo !n order of study prror— o
ity they mclude _Tis R - s : :

e ﬁe Yap Drstnct Clrcwtous Route lmo IR A TR e
S SR (Yap-Farauiep Lamotrek-Satawal Eaurlprk-Yap) S e T

e Ponape Route SE i ’ T
) U (Ponape-Nukuoro Kapengamangr-Ponape) , i
= 5o 5}@ Ponape to. New lreland o e . -
e o Honolulu 0. Pago Pago‘ S S o T
R e Salpan to Rota; VE{' Sa s S
B ylnterrsland route among Hawauan Islands o

Because a srgmflcant amount of mformatlon about the Yap and Ponape routes ts currently avallable
data are bemg co!lected on these for rnmal lteratlons of the economlc model




A VERTICAL CORROSION PROFILE STUDY AT KAHUKU OAHU - 5

PRINCIPAL lNVESTlGATOR | , Anders Daniels, Ph.D. o " - -
- : UHM Department of Meteorology
 PROJECT STAFF: Kirk Lauritsen, B.S. =
T ' : L UHM Department of Meteorology, 7
;PROJECT PERIOD AND o CHNEI supported this one-year pro;ect W|th funds from au S
FUNDING'SOU RCE:’ DOE institutional grant. .~ -

: Total fundmg for FY 1981»82 $4, 800
PROJECT DESCRIPTION AND OBJECTIVES

Many of Hawaii’s excellent wind regsmes are located in coastal areas with salt-laden atmos--
- pheres. Thus, data on salt concentrations at various-elevations above ground level will be necessary
for designing wind energy conversion - systems which can withstand these - corrosive environments.
- The purpose of this project is to measure sea salt concentratlons in a vertical profile at Kahuku,
Oahu, site of the U.S. DOE/HECO 200 kW MOD-OA wmd turbine and planned sute of an 80 MW :
wund farm. Tasks include "

© Developmg an inexpensive measurmg method usmg kntes o )
- © Verifying the accuracy of this method in trials at Bellows Fleld and
- @ Profiling the Kahuku area durmg trade winds at different dlstances from the beach

RESEARCH PROGRESS AND PROJECT STATUS S S

Because meteorologml towers and alrplanes are expensive, initial pro;ect efforts focused on
developing an inexpensive, practical, and reliable system Ffor measuring corrosion proflles modified
" hand-held TALA kites. These tethered aerodynamrcally lifting anemometer kites are normally used
to measure wind speeds and turbulence at 50- to 500-foot’ altitudes where a-large wind turbine
operates. The 2- by 3-foot waterproof paper sled kite is connected by a nonstretching Kevlar line to

- _a spring inside a plastic tube, and the position of the top of the spring indicates speed on a miles per - !

"hour scale on the tube. A fishing reel with a string length meter and a handle oompletes the system..
‘During operation, height and azimuth of the kite are ‘measured optically with. a clinometer and a
compass. in order to adapt the kites for measunng atmospheric salt concentrations, the kite string
was cut at ten places at 72-foot. intervals; snap swivels were inserted; and 4-inch long, 0.14-inch
- diameter stainless steel fishing line leader wires were inserted at the breaks. Before each test, the

- _'wires were cleaned in a nitric acid solution and rinsed with deuomzed water. Each wire was stored in

an Erlemeyer flask to avoid contamination durmg storage and transport, and wire ends touched
‘before and after flights were excluded from the subsequent analysis. In the lab, the wires were -
rinsed by a known volume of distilled and deionized water which was then run through an atomic

~ absorption spectrophotometer to obtaln the sodlum oonoentratlon -

 Kites were flown for 1-hour perlods durlng six tnals in November - 1981 at Bellows Field near

- Kahuku. Fortunately, a team of scientists from New York State University were measurmg salt

- concentrations on the windward side of- Oahu usinga speclally equipped airplane. This provided an
opportumty to sample slmultaneously w1th the NYSU group in order to evaluate the kite method
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for obtalmng corrosnon proflles‘ Resu]ts showed good correlatnon and thus tests were run at
Kahuku durlng January, February, and March 1982 ;

Dunng each test; two kltes Viere flown one along the shorelme and one mland lnland loca- e
_‘f tlons included Kahuku- Field, the MOD-OA ssite,-Opana, and Site 14 on the upper Kahuku hill area. - 'fi;
~“Results indicate @ large concentratlon gradlent between 50 and 500 feet during moderate to strong SR
i trade winds: -At: the beach, a very “high concentratlon ‘at 50 feet is’ probably ‘caused by spray from -
- breaklng waves. The much 1arger values in- Kahuku mmpared with Bellows probably reflect a more “? T
active wave breakmg zone at Kahuku Concentratlons in the middle half of the' 500-foot. layer are -
about equal at-the beach and at the mland sites.- Smce itis from this layer that large wind turbines

W|Il extract thelr energy, it would seem that locatmg turbmes away from the beach plam would not -
ST S ~result'ina lower~ corrosion potentnal But a tower-on the beach would expenence twice as much salt -
T : : concentratlon “as one at a site farther-inland. Concentrations at 500 feet are higher at the beach than -
- ’f_;'-_ inland, -even~ though mcreased ‘mixing. at inland sites ‘might " reasonably produce a more umform
- “distribution there. Concentratlons ‘do "not seem to be proportional to the local wmd speed or wmd

e dnrectlon Surface concentr 'ons generally decrease wnth dlstance from the beach R




The concentratmg photovoltalc energy system at Lihue’s- W/Icox
Hospital consists of ten rows of elght paraballc collectors N
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, Hawan 3 most obvious renewable energy resource is the sun. ln fact as the only troplcal state
in the union, Hawaii has global |solat|on rates—-amounts of dlrect and dlffuse mcommg solar radna-'

: r»tron—-among the best in the | natuon

Techmques to use this free renewable, abundant ‘and clean fuel are numerous, of varyrng .

complexlty, and in various developmental stages. Passive solar systems, for example, essentlally
‘make a building a collector by designing it to absorb or reflect sunlight to reduce energy costs for

- seasonal heating and cooling. Flat-plate collectors, too, are fuel savers which use both diffuse and
direct sunlight. These systems absorb heat Whlch can then be transferred to household water

supplles or used for space heatmg

Other, more techmcally sophlstlcated systems are also bemg developed whlch rather than

- simply absorbmg sunlight, actually concentrate it with mirrors or parabollc metal troughs or dishes.
- These systems increase intensities from ten to as much as several hundred times and, thus, produce

much hlgher temperatures than flat-plate collectors. In -addition, concentrating systems normally
use only “direct sunlight, and many track the sun as it moves from east to west. The solar power ~

': tower is one particular concentrating system which produces temperatures of about 900°F to gener-
- “ate electnclty Dozens of mirrors or heliostats collect sunlight and focus i it ona b0|ler at the top of -
s a central tower at the base of whlch isa conventlonal turbogenerator A

Electnclty is also the product of photovoltalc (PV) cells perhaps the most miraculous of the ’

- new solar technologres A simple solar cell is a 4-inch diameter silicon wafer crlsscrossed by a grid
- of metal contacts. When photons of sunlight strike the cell, they free electrons whrch migrate to the -
contacts and produce a direct current of electrlclty PV cells can be used in flat arrays, or- thelr o
’ effrclencles can be mcreased by placmg them at the focal pomts of ooncentratmg systems S

i Prototypes developmental models and commercral systems of all of these technologles are
o operatmg in_the U.S. and most are in Hawaii. The Hawaii State Leglslature and several county .
* councils have developed building codes which support energy efficient designs; nearly 20,000 solar -
~ water heatmg units in the state give Hawaii the highest per capita rate in the U.S.; and several photo-k
- voltaic systems on Kauai, Oahu and Molokai are producing electnclty and hot water for homes and -
" ~hospitals. Research continues, however, to solve technical problems, increase conversion efficien-
cles and reduce costs HNEI is contnbutmg to that research as the followmg prolects mdrcate




WILCOX HOSPITAL SOLAR PHOTOVOLTAIC DEMONSTRATION

PRINCIPAL INVESTIGATOR ~ Paul C. Yuen, Ph.D.

'FOR HNE! SUBCONTRACT: -UHM College of Engineering
PROJECT STAFF: » o A&hur Seki, M.S.
' . George Curtis, B.S.
Hawaii Natural Energy Institute
’ ,PROJECT PERIOD AND | U.S. DOE awarded this project contract to Acurex Corpora- -
- 'FUNDING SOURCES: ~ tion in September 1979 with additional funds coming from

the Hawaii Department of Planning and Economic Develop-
ment and the Department of Health. HNEI initially provided
logistic ‘support, and in May 1982 Acurex subcontracted
with HNE!I for project operation and mamtenance for an
eighteen-month period. —
Total funding for FY 1981 82 $6,000.

) PROJECT DESCRIPTION AND OBJECTIVES

o The ~overall goal of the Wilcox Hospltal PV concentrator applications experiment is to obtain
- operating experience with a concentrating photovoltaic energy system. The system at Wilcox
consists of a field of ten rows of eight parabolic collectors, each 6 feet by 10 feet in aperture. These
collectors concentrate incident sunlight on photovoltaic cells on both faces of receivers mounted at
the collectors’ focal points. With this concentrating system, the cells receive about twenty-eight -
" times the normal solar mtenslty and convert that into direct current electrical energy. Each receiver
{eighteen PV modules or nine on each side) has the capability of producing 450 watts—30 amps at
15 volts DC. An electrical power conditioning unit converts DC to usable AC power. For optimal
system operation, the PV cells are cooled by water passing in series through the hollow centers of all
eighty receivers. This water, part of a closed, continually recirculating system with a 3,000 gallon
storage tank, takes excess thermal energy away from the PV cells and transfers it through a heat
exchanger to the hospital’s hot water supply. The entire 35 kW system is capable of producing
22,000 kW net and 620,000 gallons of 180°F water annually. Electrical storage is not required
because variations in the output from the solar system are offset by utility power from Kauai Elec-
tric. A central automated system eontrols the trackmg mechamsm cell cooling, power condmonlng, o
and data acquisition. ,

HNEI s responsnbllutles for FY 1981-82 include completing an Acurex training session, assist-
_ ing Acurex with logistics and fine tuning of the system, and accepting responsibility in May for
operatlon and mamtenance actlvmes whlch mclude conducting routine tests and operatmg the
visitor center

RESEARCH PROGRESS AND PRoJecT STATUS |
The Wilcox PV faciiity was completed in November 1981 and dedicated in,January 1982.
Acurex held training sessions for personnel from the hospital, Kauai Electric, and HNE! in March

and April to detail operation, maintenance, and testing procedures. On May 1, 1982, HNEI assumed
responsibility for operation and maintenance of the solar photovoltaic system and designated
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. . WIICOX hospltal personnel as dally operators of the system and Kaual Electrlc personnel as technl- -
- cians for troubleshootmg : RUER o

Early system operatlon resulted in bubbllng and browmng of the polyvmyl buteral bonding

e materlal and cracking of the photovoltaic cells. Acurex and HNE! determined that inadequate PVB o

" bonding :and curing cycles during fabrication probably explain the bubbhng Browning and cracking

are attributed to insufficient application of thermal grease during installation which also seems to .
explain the presence of a microbial or fungal growth that has caused the circuitry, wires, diodes, and

silver backing of the PV cells to deteriorate. ‘Laboratory tests HNEI had done indicate that moisture

- is the likely source of nutrients for the organism. Acurex, with HNE!'s help, has reworked most of =

the ‘damaged PV receivers; however, because of the extent of damage from the fungal growth and :
" _the. llmlted supply of PV cells the work is slow and several remain to be reparred or replaced ‘

Even though those techmcal problems and generally bad weather have hampered system

s : operatuons the hospital is now using what electricity and hot' water the photovoltalc system pro- .~ k
. duces. Data are also bemg collected to momtor system performance meteorologlcal information, .
' temperature data at various points in the system, and measurementsof currents and voltages ofthe

o power condmonmg unit and subarrays in the fleld The sensors are read every minute, averaged for
@ 10-minute period, and then stored on computer tapes Data reduction is done by Boeing Compu-
- ter Serwce in Washington whlch receives data vna telephone modem analyzes them, and forwards
’ 'resultstoUS DOE R : - . . o

,'A RESEARCH EXPERIMENT IN ROOFTOP MOUNTING OF PHOTOVOLTAIC svsnzms ON S

LIVED—IN UNITS IN HAWAII 5 Lo

"'PRINCIPALINVESTIGATOR ‘ - Paul C. Yuen PRD. . 3:‘;
’ UHM College of Engmeerlng AT

‘ PAROJEC_TSTAFF: SRR ,D Rlchard Nerll BS M ow R

Co.. .7 ... - -George Curtis, B.S. LR e T
FERSIR I R TR ~'_~»7;Raymond Rapalee, A.A R L
LR R L T T Hawail Natural Energy Instltute e

" PROJECTEPElﬂRlOD’ AND - "U . DOE through MlT—meoln Laboratory and Jet Propul-: i
~: FUNDING SOURCES: -~ -sion Laboratory, funded this HNE! pmject in May 1980 for
oo 7o - TSos oo two-years. First-year cost sharing came from HNE( and the

- ~ Hawaii Housing Authorrty Support from DOE may be avall-_;j B

S TEL V o "+ able forathird year.” - j;
EE L e ' '; Total fundmg for FY 1981-82 $248 760

PROJECTDESCRIPTION AND OBJECTIVES L ‘_

The goal of this” pro;ect is to help |dent|fy and reso!ve problems related to desrgnmg, rnstall-
© ing, and operating residential rooftop PV systems which are connected toa utlllty for backup power
- and energy credits. The three homes selected’ for this demonstration are different residential build-

= ing types broadly representatlve of Hawaiian housmg One is a two-story duplex near ,downtown .




Honolulu which was part of a redevelopment program several years ago; the second is a quadra-
plex in a new public housing area in Pearl City; and the third is a forty-year-old ranch home in an
Hawaiian homestead area on Molokai. Arco Solar, Inc., contractor for the project, designed the
three systems to provide the approximate annual energy requirements of the households. The small-
~ est system is a nominal 2 kW assembly in the urban home in Kalihi which has gas water heating and
cooking. The other two, in larger households in Pearl City and Molokai, are 3.5 kW. ASI 16-2300
solar modules have been used at all sites. Fourteen modules were wired in series to form a subarray,
and these were then paralleled to form the final array. The Kalihi array is composed of four sub-
arrays while the Pearl City and Molokai sites have eight subarrays each. The direct current which
these systems produce is fed to Gemini synchronous inverters and passed through an isolation trans-
former before being fed to the residence. Meters record system output (to home and utility) and
utility input, and Hawaiian Electric and Molokai Electric provide credit for net energy generated by
the PV systems. :

HNEVI’s role during design and -installation included critically reviewing designs acquiring

burldmg permits, completing agreements with resudents and utilities, and planning data monitoring -

: systems Tasks for FY 1981-82 include

Installing monitoring equipment;
Conducting safety inspections;
Operating the three systems; and

o o © ©o

* Collecting data for system evaluation and reports.
RESEARCH PROGRESS AND PROJECT STATUS

- HNEI's monitoring equipment was installed shortly after the three PV systems were com-
-pleted in June 1981. Data collection systems at each site use two Campbell Scientific CR-21 micro-
-loggers to record data from a variety of sensors and meters for these outputs: insolation; DC
~ voltage; total array current; AC power, volt-amps, and AC voltage from the inverters; array tempera-
ture; AC power from the utility; subarray currents; wind speed and direction; ambient temperature
-and time of wetness. Data, initially collected at 6-minute intervals, are now collected hourly with
daily midnight summaries. Semiprocessed - data are fed to cassette tapes or, via modem, to an Apple
computer for compression and storage on floppy disk. An HP3000 computer, interfaced with the
Apple, is used for final processing and reports

‘Safety concerns have been an |mportant part of this project since early in the project when
building department officials, Hawaii Housing Authority officials, utility personnel, and home-
- owners were briefed on the intent of the project and the basic operation of the system with stress
on safety aspects of the design. The design was thoroughly reviewed for safety of operation and
maintenance. After installation, each site received a structural inspection, a safety inspection per-
formed by MIT, two safety inspections by HNEI, and at least one fire inspection. Safety briefings
were also held with all concerned individuals, including residents and neighbors of residents, and
fact sheets stressing safety were distributed to all. Residents’ operatlon and mamtenance manuals
clearly and completely explain all pertinent safety procedures.
Insights into the systems’ performance in real-world situations are expanding as data collec-
tion and analysis programs continue and develop. After one year of operation, the systems appear
to be highly reliable with no rooftop panel failures or signs of degradation. = Several electrical
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Sensors on T-bars collect meteorological data
~at the 2 kW photovoltaic array in Kalihi, left, .
. and the 3.5 kW system in Pearl City, below.
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malfunctions have occurred and been corrected. The inverter at the Molokai site, for example,
behaved sporadically with resulting blown fuses and a popping circuit breaker. After interruptions
became almost daily occurrences, the entire inverter was replaced and the system has performed
satisfactorily since. A shunt problem, consisting of corrosion product build-up at the terminals with
resulting changes of resistance, was also noted and corrected at this site. Night switch malfunctions
at all three sites led to modifications in the switch mechanisms. Finally, a malfunctioning circuit
‘board and silicon controlled rectifiers were replaced at the Kalihi unit.

Minor problems with monitoring equipment also developed and have been corrected. Human
error during cassette tape changes, micrologger failures requiring rework and/or replacement, and
~ incorrect operating procedures during initial data collection resulted in data losses. With experience,
these problems disappeared. Data continue to be routinely collected from all three sites for evalua-
tion of long-term operatlng performance

USE OF SOLAR ENERGY FOR INTENSIVE AQUACULTURE SYSTEMS IN HAWAI

PRINCIPAL INVESTIGATOR: Kakkala Gopalakrishnan, Ph.D. '
S Honolulu Community College, Department of
Oceanography
' PVROJE"CT"PERIOD AND This seven—month projecf is being,supperted by HNE! with

. FUNDING SOURCE: state R & D funds.
' Total fundmg for FY 1981-82: $5,226.

PROJECT DESCRIPTION AND OBJECTIVES

Although various methods of aquaculture cultivation are used in Hawaii—ponds and
raceways—the high cost of land and finite water supplies favor intensive culture methods using semi-
closed or closed systems. But, such systems will require more energy for recirculation, aeration, and
water-quality control. Use of energy may be the only solution to meet such large energy needs since
the rising cost of fossil fuel will make such attempts nonprofitable and unattractive. This project is
- designed to examine the feasibility of utilizing solar energy to provide warm water in intensive cul-
ture systems to stimulate production -of a fresh water prawn, Macrobrachium rosenberygii, and
tllapla Because these and many other organisms grow faster at slightly elevated temperatures, the
~ ‘project system is designed to provide heated water with a steady temperature of about 4°F above
- ambient readings. Tasks include installing a solar heating system at the Aquaculture Demonstration
~ Facility of Honolulu Community College and documenting the potential of such devices in mmula-
_ ting increased aquaculture production in Hawaii. :

RESEARCH PROGRESS AND PROJECT STATUS

- Initial efforts for this project focused on designing a closed aquaculture system which uses
solar photovoltaic panels to operate system pumps and solar collectors to heat circulating water.
Then, the following items were purchased to complete the installation: eight plastic solar collectors
(sealed Air FW 40); one sealed Air K-1 system kit; two temperature sensors and automatic control
systems; two Sta-Rite pumps (1/6 HP~ 1% HP); one pool cover; one poly-cal hot water storage
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tank (1 000 gallon capaclty) and oney "March" DC pump (12 volt) wnth photovoltanc panels

, Prelrmlnary tests W|ll begm in August to examine the degree of temperature elevatlons heat-
storage capacity, heat output (Btu) to the culture tank, and effectiveness of the DC pump in recir- -
,‘culatlon After completron of -these tests, expenments will be conducted to analyze the effectlve :
- ness of the system for mcreasmg the efflclency of mtenslve culture systems -

DEVELOPMENT OF A NOVEL CONCENTRATOR PHOTOVOLTAlC CELL

; ‘PRlNClPAL lNVESTlGATOR e James Holm Kennedy, Ph D ,

7 ' S L UHM Department of Electncal Engmeenng
‘ P»ROJE‘CTSVTAFF;'T il " Norman Hall, Ph.D. -

EI TR R ,Mark Lancaster, B.S.

UHM Department of Electrlcal Engmeermg

,’PROJECT PERIOD AND 4 VHNElAhas .support_ed,,thrspro;ect for two year_s,"and several 1
FUNDING SOURCE "~ industries and laboratories (3M, Motorola, Hewlett-Packard,

i ‘Sandia) have. assisted with- materials. Funds for FY 1982-83 N

- will .come from HNEL's institutional grant from U.S. DOE.
,»Total fundmg for FY 1981 82 $16,500. ' ;

: PROJECT DESCRIPTION AND OBJECTIVES
One way to |mprove the efflclency and oosts of state of-the—art solar cells is to concentrate

‘sunlight before it strikes the cell. But concentrating sunlnght also creates problems which can reduce
cell ‘performance: increased resistance and increased heat. Resistance can be reduced by adding

_* _'more metal grids to. the cell surface to carry ‘the electron currents the cell produces, but these metal -

~_strips also reflect sunlight rather- than absorb it and so.create a different kind of efficiency loss. '
. Cooling systems can be used with PV systems to keep temperatures moderate and recapture waste -

- heat-for ‘other appllcatlons, but they can also have an adverse ‘effect on system effrclency and costs ST
- The purpose of this pmject rs to desngn fabncate test and analyze a solar cell whuch mlmmlzes RE

thesetwoproblems S T T AL e e e 2

Efforts durlng FY 1981 82 are theoretucal and expenmental and address the problem of series

resnstance and the related problem of i mcreasmg grld densmes wuthout mcreasmg reflectlon Tasks
klncludef,”«_':a N I S T
,Analytlcal formulatlon of the problem, SlaT
' Development of a rldged technology, - B A
Des:gn and acquusltlon of masks for cell etchmg, T v ‘
: "Development of requured specral photolsthographnc techmques and

® ovlo'o: ® .

Analysls and testing ofﬂthe/cell at concentratlons greater than- 1,000 s_uns. '




Photo by Mark Lancaster

A scanning electron microscope magnifies (210 times) the rlght corner of
a novel solar cell to reveal its V-grooved structure. Metal contacts w:ll be
applied as shown in the schemat/c below.

SUNHGRT * eronT METAL

CONTACT

SILICON

NOVEL SOLAR CELL SURFACE
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o RESEARCH PROGRESS AND PROJECT STATUS

_ A number of sophlstlcated transport phenomena were lncorporated |nto a theoretucal exam-
matlon of this’ ‘solar cell, and numerical techmques were applied to the speclfuc structure. The cell,
_instead of: havmg a flat surface as conventional cells do, consists of many parallel ridges. Metal con-
'~ tact strips are placed along the edge of each rldge so that any incoming sunlight ‘is deflected onto /
S the opposite ridge and absorbed. Thus, the number of grld lmes is mcreased to decrease resrstance
- _but the ndge structure prevents reflectlon o B S

7» S 7}’ 4 The flrst step in fabrlcatlng thls rldged grld solar cell is to etch the front surface of the sllloon

| - waferto produce avery clearly defmed V-grooved structure Before the front surface of the wafer S

D . can_be etched, however, a protective oxlde layer about 1 micron in thlckness must be grown on
b  both’ sndes of ‘the cell. “The oxide Iayer on the back surface protects it during the etchlng process,
while the- front surface oxide layer is selectlvely etched by a photollthographlc process to expose

the silicon surface where the etchmg is desired. The desnred parallel line pattern is transferred to-

- photoresist on the wafer by exposure- to_ultraviolet light. Once exposed “the photoresist is devel-
oped, making vusnble the lines and spaces -After. a postbake ‘step, the oxide is removed from the o

" wafer by using buffered hydrofluonc acld The remammg photoresrst is then removed from ‘the-

‘ wafer surface and etchlng can begln - S -

The etchmg solution. used in thls process isa slow worklng mlxture of sodlum hydromde and -
v solutlon for approxnmately 2.5 hours. After the etching process is completed, the wafer is cleaned

layers on both surfaces are then removed usmg buffered hydrofluorlc acrd

DI The last major step in the fabrlcatlon sequence CODSIStS of defmlng metal gnd llnes along the
e front side’ ndges bya second photoresnst process. A primer and photoresist are applied to the new
‘grooved cell surface.. A light source étches the area of each peak not shadowed by the precedmg
peak. Alummum is then evaporated over the entire front surface of the wafer, and, finally, photo-
- resist removal/alumlnum Irftmg is done for 15 mmutes usmg Iow Ievel ultrasomc actlon Only metal S
B gnd lmes along the front surface rldgesremam . ST ;,_:. R - -

- = - of suns at close distances to the cell. A fixed load resistance is placed across the cell and then the -
B 'g;jjﬂashlamp “is fired. The voltage across the cell’i is measured by a storage_ oscrlloscope and the cell’s -
-~ output current is obtalned by dividing the output voltage by the load resistance. This method gives -

ﬂj lsopropyl alcohol which is heated to 167°F - The entire wafer is then placed in- ‘the heated etchlng =

-Hnavery dllute hydrochlorrc acid solutlon to remove: the sodium hydroxide. The remamlng oxlde P .

S Testlng has been done wrth a flashlamp system to. measure the output characterlstlcs ‘of the
el ndged grld cell. The flashlamp provrdes a-short, intense pulse of lrght equwalent to many hundreds -

“one pomt per flash. The load-resistance is then changed and the process contmued untll twenty ork SR

‘ B data pomts are collected to yleld a current/voltage (I-Vl curve e

A cwcult |s now belng developed that wnll measure the entlre l V curve durlng one flash thus S




Gail Yonamine, above, is one of more than fifty specially trained
drivers who operate electric vehicles in the UHM/HNEI! fleet.
Below, the rear battery pack of an Electrica 007 sedan fits com-
pactly under the rear compartment Charger socket is to the Ieft' :
- of the license plate. -
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: <-Pro‘|ects dlscussed |n the precedmg sectlons are dlrectly related to development of the flve :
‘renewable ‘energy resources whlch hold. the most-promise for reducmg ‘Hawaii's heavy petroleum* '

dependence HNEI is also supportmg research whlch -addresses common ‘problems assocuated ‘with -

‘these developlng energy technologles which studles optlons for rehevmg an oil-based transporta-

Sl R tlon sector and whlch prowdes planmng tools for those determmmg Hawan s energy future

Whlle Hawan s renewable energy resources are abundant some are dlspersed and mtermlt-‘

T tent and ‘others provrde low rather-than- high temperatures -This dlverslty results in several techno-

o loglcal and social problems First, ‘wind - machines’ and solar- panels or -collectors -exposed to the R

= elements—l'-lawau s strong 1 trade ‘winds,- salt-Jaden marine atmosphere and troplcal sun—tend to cor- -

" rode, crack and require replacement quuckly unless they are specially treated. Pipes and equipment .
""" designed for transmitting water are not necessarily satisfactory for geothermal brine. Thus, corro- -
usmn and matenals studles are essentlal for developlng some of Hawan s renewable resources. - -

ln addltlon energy storage systems whlch retaln energy generated durlng off-peak hours and f o -

then release it when needed will help to alleviate" problems assoclated with -intermittent-energy

~_sources; utlllty grid stablllty and foad levelmg, transmnssron ‘of energy from resource to end use, Bat-

~ teries- charged by:renewables can also be used to power electrlc vehlcles whlch operate without pol-f

* lution, -noise, or gasolme Then, fow temperature energy ‘sources will - require generatlng systems; R

dlfferent from those used tn conventlonal coal- and oul flred power plants

B Fmally, the transrtron from conventlonal to mnovatrve energy systems wnll requrre careful e
planmng to protect Hawah's people -and environment- -while new-energy: beneflts are. gamed to - T
- initiate programs according to a consldered ooordlnated set of .priorities; and 0. |mplement laws; = -7 7 wl
polrcres and’ regulatlons whlch wull expedlte renewable energy development. Estlmates of resource b

potentlals demand models and energy- use progectlons and pro;ect feasnblllty studles are necessary




CORROSION PROTECTION FOR ALTERNATE ENERGY SYSTEMS : 7

PRINCIPAL INVESTIGATOR: ~Jorn Larsen-Basse, Ph.D. ' o
' ' - UHM Department of Mechanical Englneermg -

PROJECT STAFF: - Raymond Lam, B.S. .
I ' ~ Rais Azhar, M.S.
S ﬂSteven Smuck
' UHM Department of Mechanlcal Englneermg

PROJECT PERIOD AND ) " Funds from HNEI's U.S. DOE institutional grant are support-
FUNDING SOURCE: ing this project during FY 1981-82 and FY 1982-83. Atmos-
: ‘ o » pheric corrosion studies continue work initially funded by
Argonne National Laboratory in 1979,
Total fundlng for FY 1981-82: $16, 350..

PROJECT DESCRIPTION AND OBJECTIVES

The overall goal of this project is to develop a basic understanding of the mechanisms of cor-
rosion which could hinder development of Hawaii‘s renewable energy resources. The current project
focuses on corrosivity of brine from the university’s HGP-A geothermal well and on atmospheric
corrosion in Manoa Valley and at Ke-ahole Point, inland and coastal areas representatlve of many
solar and wmd resource sites in the state

The HGP-A geothermal well produces a two-phase fluid consisting of steam and hot water.
The steam is used in energy generation, and the hot water, which has considerable potential value as
a heat source for industrial drying processes or similar applications,-is brought to ambient pressure
in a brine flash chamber, enters a silica settling pond, and is eventually discarded. Obtaining engi -
neering data on corrosion rates in the secondary steam and hot water can form a basis for selection
of materials for pipes, valves, heat exchangers and other equipment for uses of the geothermal
brine.

Wind energy conversion systems and solar collectors are also exposed to severe corrosion in
Hawaii’s salt-laden marine atmosphere. Exposure testing of common construction materials, origi-
nally done as part of a nationwide testing program for solar collectors by Argonne National Labora-
tory, helps identify corrosion-resistant materials for these renewable energy systems. Testing various
techniques for corrosion measurement also identifies the most efficient ones and suggests modifica-
tions to improve them for rapid estimation of the corrosivity of a particular environment. -

RESEARCH PROGRESS AND PhOJECT STATUS

During FY 1981-82, geothermal corrosion experiments were performed by exposing sets of
twenty to twenty-five corrosion coupons to the secondary steam of the HGP-A brine flash chamber -

- and to hot water in the silica settling pond. The samples were removed after two weeks to three

months and evaluated by conventional weight loss and metallographic methods. Results to date
show that the steam is very corrosive and that its corrosiveness depends considerably on which
hydrogen sulfide abatement method is used upstream. Only titanium; highly alloyed stainless steels
such as AL-6X, Avesta 254 SMO, and Jessop 700; and some high nickel alloys in the Hastelloy
family show complete resistance. All other materials tested so far deteriorate severely in a short
period of time. The hot water is less corrosive, and its attack on metals is partly related to the
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" Meta/ coupons are exposed to atmospherlc condl-
‘tions -at Ke-ahole “Point, above, and to geothermal
- steam at HGP-A, left. Magn/fylng 1,120 times scale

on -a stalnless steel coupon ﬁ'om HGPA reveals
ca/cwm and silica crystals.

| Phato byl'ﬁayh'vond Lam




formation of strongly adherent slllca scales Stainless steel 304, a common stamless aIon, appears
to be resistant as are titanium and the higher alloy stainless steels. Copper base alloys suffer severe
~ general corrosion, while ferrous materials and aluminum and zinc alloys show severe pitting and
crevice corrosion. No stress corrosion. crackmg or hydrogen embrittlement has been found so far.
These results have been used to select other matenals for testing during FY- 1 982 83

, Atmospherlc corrosion tests have also been performed durmg this penod with galvanized,
aluminized, and painted steel and aluminum specimens supplied by Argonne ‘National Laboratory.
- Specimens were exposed for periods of up to one year at two sites: the roof of Holmes Hall and the
‘Natural Energy Laboratory at Ke-ahole. Preliminary results indicate that aluminum coating corrodes
much more slowly than the galvanized coat but doesn’t protect the underlymg steel at cuts and -
scratches. Zinc corrosion follows a parabolic relation with time, indicating diffusion control. Com-
Vparlson of results from the two sntes will be made when testing at Ke—ahole is complete

- At the same time that these metal coupons were tested, experiments were performed on tech-

- niques for measuring atmospheric corrosion. The current flow between copper and zinc plates in

small atmosphenc corrosion monitors (ACM's) was recorded, mtegrated and converted to zinc
weight loss, and these results were compared with weight loss of pure zinc coupons. Very close
correlations indicate that lengthy weight loss testing can be replaced with short-term ACM tests in
-order to determine the atmospheric corrosiveness of a site. Considerable effort, too, has gone into
- _determining the accuracy of a second, wet candle method by comparing results with salt nuclei
deposition rates on glass slides and metal surfaces. During tests, the candle collected approxi-
mately three times as much salt as a plate of glass, plexiglass, or steel; and about eight times more
salts at Ke-ahole than at Holmes Hall. A similar ratio exists between the zinc corrosion rates at the
two sites. Thus, this inexpensive wet candle method can be used to determine the relatlve corro-
SIVItY of different geographic Iocatlons N

HYDROGEN STORAGE IN TRANSITION METAL HYDRIDES AN ASSESSMENT OF THE
THERMODYNAMICS AND KINETICS USING ELECTROCHEMICAL TECHNIQUES

PRINCIPAL INVESTIGATOR:  Bruce E. Liebert, Ph.D.
: 7 UHM Department of Mechanlcal Engmeermg
PROJECT STAFF: ~ Glenn A.Engle, BS. '
: ’ S UHM Department of Mechanical Engmeenng
 PROJECTPERIODAND  HNEI's U.S. DOE institutional grant supported this project in
'FUNDING SOURCE: - -FY 1881-82 and will continue to do so during FY 1982-83.

Total funds for FY 1981-82: $25, 464
PROJECT DESCRIPTION AND OBJECTIVES

) Dtscovery of inexpensive hydrides capable of storlng hydrogen near amblent temperatures
- and pressures would provide an economical and safe alternative to present, less-than-satisfactory
~ hydrogen storage procedures and would allow practical off-peak storage of electricity from inter-
‘mittent renewable energy resources. Thus, the purpose of this project is to study a number of transi-
‘tion metal oxldes with structures capable of aocommodatmg large amounts of hydrogen without
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jj f z charging. ‘Materials with structures contamlng open’ tunnels “such'z as the manganese dioxides, have
IS " been shown to be capable of rapldly and reversrbly mcorporatlng a.number of electroactlve specles
o _such as the alkali-metals, iin‘advanced batterles “Therefore, these matenals offer consrderable prom-

“mining: electrochemlcally the kmetlcs thermodynamlcs and ultimate- storage capacnty per umt mass -

) - of at least eight ¢ different manganese dioxide compounds ‘The kinetics of these materials are. eval-
- } _f uated by experimental “determination of the diffusion coeffi cient using the galvanostatlc intermit-.
o tent titration technique. Thermodynamlcs of hydrogen incorporation in the samples are found by

RESEARCH PROGRESS AND PROJECT STATUS S i 2 g B A

‘ '1 f—'_f'» lefusron coeffrcrents of hydrogen in a number of metal and metal-oxlde systems at low'. ,
Lo hydrogen concentratrons have been measured experlmentally. The well known hydrrde iron tita-
‘ “nium --(FeTi), . has been compared to other, less familiar- materials mcludmg manganese: “oxides.

cate that the measured hydrogen drffuszon coefflment in these other materlals is one mlllron tlmes
~ ~greater than that of FeTl i . : I , o ,

S These mrtral results encouraged contrnued tests whrch requrred solutlons to several method- :

encountered was a’ slow reactlon rate: FeT| requrred many days to come to equrlrbnum “The other

R '}’ that could be. accomplrshed lncreaslng the temperature decreased the- equlllbratron time, but did -
- - -not allow measurement- of hydrlde “kinetics ‘at “expected lamblent) operating temperatures. In an - -

—effective one: usmg multiple samples in the. same reactlon vesseland usmg multlple reactlon vessels.
The latter method proved to have fewer dlsadvantages ‘ - R § g

A thlrd problem appeared durmg the |mt|al evaluatlon of calclum mckel (Cale) when at g
sample s short-term response differed srgmfrcantly from- ‘that measured during longer time perlods ‘
" Measuring the response of the sample after the current is mterrupted (no surface reaction can occur :

durmg theaddrtlon of hydrogen * s ;- e ; -

. undergomg a structural transformatlon in order to mmrmrze energy Iosses durmg chargmg and dlS- o

lse for the mexpensrve storage of hydrogen in the form of hydrides. Pro;ect tasks lnclude deter- B

o addmg hydrogen and determrnmg the tltratron curve (equrllbruum voltage versus hydrogen content) Lo

*{MnO;), lanthanum-nickel-(La-Ni), and lanthanum-nickel-aluminum.(La-Ni-Al) alloys. Results indi- .

o ologrcal problems “The first problem short sample fife during titration, hmlted efforts to determine .
: _the ultimate hydrogen capacity of the ‘materials.- This problem ‘was mlnlmlzed by adding pow-- o
- dered tefion to the powdered sample material to -serve as an -inert bmder Another problem

materlals tested did not’ requrre this much time, but the delay’ llmlted the number of experlments o o

effort to mlmmlze the time for eqmlrbratlon two parallelpaths were tested to determine the more - e

during this time) and comparing it to results- recorded while the current is flowing indicated thata = -~
_surface rate—determmmg reaction affected the short-time response of CaNis.- This techmque may- 7
“also.reveal interesting mformatron about surface contamination or surface reactions of other = -~
matenals in addition to serving as: a check on the magmtude of the dlffusron coeffrcrent measured R

R Wlth these methodologrcal problems solved the drfferent MnO, compounds can be evaluated s
“for rapid hydrogen diffusion and ranked accordmgly by the end of 1982; the kinetics and thermo-~.

dynamrcs “of the La- Ni-Al and Ca-Ni compounds as well as the most promlsmg MnO, compound - :

wrllbeevaluatedbymld 1983 ‘ T T s L




UHM/HNEI ELECTRIC VEHICLE DEMONSTRATION PROJECT

PRINCIPAL INVESTIGATOR: H. H. Hwang, Ph.D.
' , UHM Department of Electrical Engmeermg

PROJECT STAFF: : D. Richard Neill, B.S., M.Dlv.
- - Hawaii Natural Energy Institute
Harry Curry
UHM Transportation Services
James Otsuka, B.S.
- UHM Department of Electrical Engineering

PROJECT PERIOD AND This four-year project has been funded‘ by U.S. DOE with
FUNDING SOURCES: cost sharing from HNEI since FY 1979-80. :
o : Total funds for FY 1981-82: $50,019.

PROJECT DESCRIPTION AND OBJECTIVES

During the first year of this four-year program, vehicles were selected and road-readied;
drivers and mechanics were trained; and charging stations were installed. The vehicles, purchased
from Jet Industries of Austin, Texas, include five converted Dodge Omni sedans, five converted
Ford Courier pickup trucks, and five converted Dodge passenger vans and are part of a fleet oper-
~ated and maintained by UHM Transportatlon Services. Organizations within the UH system now
regularly operate EVs assigned to them and keep records of vehicle performance: acceleration,
range, energy consumption, payload capacity, maximum speed, battery life, safety, maintenance
requirements, user response, and similar information. The goals of this long-term road testing are to
help optimize EV systems and components and expedite EV commercialization by identifying
problems experienced by users and by defining equipment limitations under reallstuc operating

conditions. Tasks for FY 1981-82 include

Restoring to full operation all vehicles requiring service or replacement parts;

Improving battery box ventilation to minimize the pOSSIbI'ItY of explosaons from
accumulated hydrogen gas;

e Training additional drivers in order to keep the EV fleet in use and data collection
continuing;

© Expanding the public eWareness program by providing informatien on the advan-
tages, limitations, safety precautions, operatlonal requirements, and other EV
data;

© Assisting with a legialative resolutlon to adopt EVs for state and local government
agencies. -

RESEARCH PROGRESS AND PROJECT STATUS

, Every effort was made to restore to full operation defective vehicles delivered by Jet Indus-
tries at the end of 1980. Long delays in receiving replacement parts not available locally and Several
serious problems found in the vehicles have hampered repair efforts, however. The five 1400 vans,
which were defective when they arrived, were thoroughly examined to determine that the main
problem involved malfunctioning chargers which overcharged the batteries. External timers were
designed and installed on the charging stations at a minimal cost as a temporary solution until
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- L Five converted Dodge passenger vans are part of
i UHM/HNEI s electnc vehicle fleet ‘

Jet lndustnes sends a techmclan to correct the problem permanently Several battery packs also
failed to hold their charge after only about 1 000 ‘miles of use. These battery packs were replaced -
with new. Alco batteries which are available locally. A thll’d problem, melting of battery terminal
* - -posts in several vehicles, apparently occurred because the batteries are not designed for the heavy -
- duty use requrred by EVs. To minimize this problem, battenes are now being regularly scheduled
-~ for inspection and maintenance. As of July 1, 1982 eleven vehlcles are operable wnth four requrrlng
parts from the mamland R E : ,
Smce several explosrons occurred durmg FY 1980 81 in the UHM/HNEl and the Hawauan"
~ Telephone EV fleets, strict precautions-have been taken to ventilate battery packs during charging.
- Steps have also been taken to remedy the problem of deterloratlon of ventllatlon fan blades Alter—
nattve blade shapes and matenals are now bemg evaluated o ~
- At the end of thls thlrd prolect year more than frfty dnvers from twelve umts in the UH sys-
: '__tem and other government agencies are now thoroughly trained EV operators.- -Some of- these are - -
-~ -qualified undergraduate and graduate students who volunteered to train new drivers, work on'the -
public awareness_programs, and -collect data. utlllty rate changes vehacle mventory data dally
’ operatlon logs chargmg data and monthly mamtenance data T TS T e

' high school students, unwerslty students, and the general publlc, EVs were displayed at the annual

~‘on Oahu; demonstrations were also glven to various groups which mcluded representatives of IBM, -
_. - Boeing Co., and' Westmghouse and ‘papers on the EV project were presented at several mainland
B conferences. In addition, on_April 8, 1982, the Hawaii State Senate held a hearing regardmg Resolu-
 tion No. 72 which requests the adoption of electric cars for state and county vehicles. This resolu-
“tion, sponsored by State Senator Charles M Campbell was passed on Aprul 21 1982

The publlc awareness program has also recelved attentlon thls year. To mform and educate L

UHM College of Engineering open house, the Hawaii State Capitol, and a number of public schools




A FREON BOILER FOR ALTERNATE :ENERGY POWER CYCLES

PRINCIPAL INVESTIGATQR: H| Chang Chai, Ph.D. :
' ~ UHM Department of Mechamcal Engmeermg

PROJECTSTAFF:  Deane Kihara, Ph.D. ‘
: ' : Daniel Keenan, B.S. '
- UHM Department of Mechamcal Engrneermg :

PROJECT PERIOD AND - . HNEI is supporting thls project during FY 1981-82 and FY
FUNDING SOURCE: 1982-83 from its institutional grant from us. DOE
' Total funds for FY 1981-82: $13,100.

: PROJECT DESCRIPTION AND OBJECTIVES

Relatlvely low temperature renewable energy resources can be used to generate eIectrncuty in

" Rankine cycles with low boiling pomt refrigerants. Information needed to design the evaporator or

-boiler, the most important and expensive component of the cycle, includes a correlation equation
for flow boiling heat transfer to the selected working fluid. Thus, the objectives of this study are to

~ collect data needed to formulate the design equation of heat transfer for a Freon-11 boiler; to deter-

“mine the effect of heat flux, mass velocity, and wall superheat on the average flow boiling heat
transfer coefficient of Freon-11; and to formulate a correlation equation with the data obtalned in
this experrmental investigation. First year’s work on this project includes

e Cahbratlng and repamng a heat transfer loop and related equrpment in the UHMV
Mechanical Engineering lab : '

© Modifying the piping system, test section, and heatlng system to obtam ‘more accu-
rate data; and -

e - Conducting preliminary tests of the loop.

- This heat transfer loop is being

- used to determine the boiling
heat transfer coefficient of
Freon-] 1.-
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RESEARCH PROGRESS AND PROJECT STATUS

e Research actwrtres began m September 1981 wnth 2 hterature search for “recent artlcles on’
flow boiling heat transfer in refrrgerants,—and no publlshed «data were found. The boiling heat trans-

- fer loop was then. dismantled, and major. components for a data acqursmon system were ordered as -

E well as parts needed to repalr and modlfy the Ioop e e T T , -

“The major components of the heat transfer Ioop are a 5 horsepower Freon pump, test
_section, constant voltage transformer which mpplles electric power to the test section, condenser,

; “water chiller which supplies cold water to ' the condenser, and liquid receiver. Modifications madeon:
" the existing heat transfer loop include up-gradmg the data collection and processing system install- - -

_ing a larger condenser and a 30 gallon water tank between the water chiller and the condenser to -

—obtain’ umform coolant temperature for- the condenser; and modlfymg the tést section in suchaway ~

that borllng phenomena <an be observed and photographed The loop has also been designed so that

" major components -can be isolated -and removed for repair without drammg Freon from the loop :
- Pressure gauges ‘and thermocouples are_placed at approprlate locatlons so that heat balance compu-,
“tations can be made and the state of Freon can be checked at various locations. Coolmg or heating
_capacity of the water chlller the condenser “and the heater ‘have been matched to approxmately
35,000 Btu per hour; ‘the water-chiller and the Freon pump have been cleaned and tested; and two -

_ turbine flow meters have been checked and callbrated Thus,-the heat transfer loop has now beenf ,
' modlfled suffucnently to begm prellmmary tests on Freon 11 durmg August R

Fo ~f - A data acqutsmon system aWthh mcludes an HP85 mlcrocomputer ‘an HP3497A Data’.’

Acqunsrtlon/Control Unit, and plug-in units for flow and temperature measurement has also been” = -

' assembled. -During FY 198283, data will. be collected and analyzed to formulate a correlatlon" o
; equatlon for flow borlmg heat transfer of Freon 11 ' - L o :

DEMAND ANALYSIS OF GROUND TRANSPORTATION FUELS IN HAWAII

PRINClPAL lNVESTIGATOR PlngSun Leung, Ph. D . L :
R y; - UHM Department ongrlcultural and Resource
» 7 R N oo Economlcs 7 :
o PROJECTSTAFF T erary Vesenka B S L e -

o ' ’_. - j ', ST R UHM Department of Agrlcultural and Resource Economlcs
- PROJECT PERIOD AND .
SRR FUNDING SOURCE :

- ﬂ'f-;ii "’penod January through December 1982 / L
. nTotal funds for FY 1981-82 $4 842 L A

PROJECT DESCR!PTlON AND OBJECTlVES

Thls research focuses on the demand for ground transportatlon fuels in Hawan Slnce more
than 25 percent of the state's energy budget is consumed by ground transportatlon prlmarlly in the
form of gasoline and diesel oil, an econometnc model to forecast fuel consumption over the next"
twenty—fwe years for ‘the state serves as an lmportant plannmg tool. Thus the purpose of th|s
pro;ect is to develop such an engmeerlng/econometrlc demand model -

FE R

e : HNEI has funded thlS pro;ect from state R & D funds for the LT




This model will be a refinement and extension of the ground transportation section of the
Hawaii Integrated Energy Assessment (HIEA) demand model which was designed to project energy
uses for each county to the year 2005. The refinements proposed in this research will make possible
explicit analysis of variables such as higher efficiency standards for automobiles, conservation poli-
cies, and responses to price changes in vehicles and fuel. Tasks for the project include

Searching all literature related to brevious transportation studies for Hawaii;
Collecting and compiling all relevant data; '
Refining the demand model;

® 6 0 o

Running demand scenarios and documenting the model.
RESEARCH PROGRESS AND PROJECT STATUS

Whlle previous studies related to this subject have been completed at the reglonal and nation-
al levels, assumptions used in those studies are not realistic for Hawaii where composition and use of
the vehicle fleet differ significantly from mainland patterns. Thus, every effort has been made to
collect demographic, socioeconomic, and fleet-related data specific to Hawaii. First, information on
vehicle miles driven per car per county during 1979-80 was collected from the Hawaii Department
- of Planning and Economic Development. Data from the U.S. Census for 1970 and 1980 were col-
- lected and compiled on numbers of licensed drivers, their ages, their working and driving habits, and
related demographic and socioeconomic statistics. Arrangements were also made with Oak Ridge
National Laboratory, which has compiled transportation information for all fifty states, for copies
of their files on Hawaii's vehicle fleet from 1970 through 1980, on gasoline consumption, on motor
vehicle sales, etc. Thus, data are now collected and will be mcorporated into the demand model -
after necessary refinements are completed. -

MOLOKAI COMMUNITY ENERGY MANAGEMENT PROGRAM

PRINCIPAL INVESTIGATOR _Paul C. Yuen, Ph.D.
FOR HNE! SUBCONTRACT: - UHM College of Engineering -
VPROJECT STAFF: Arthur Seki, M.S.

D. Richard Neill, B.S., M.Div.
Hawaii Natural Energy Institute

PROJECT PERIOD AND In March 1981, the National Center for Appropriate Techno-
'FUNDING SOURCE: " logy awarded a one-year contract to Maui County for this
) project. HNEI has a subcontract to complete several program
tasks as do Maui Economic Opportunity, Inc., Molokai
Electric Co., and the State Energy Office. ,
Total funds for FY 1981-82: $6,285.

- PROJECT DESCRIPTION AND OBJECTIVES

The goal of this program is to prepare an implémentation plan for energy conservation and
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renewable energy resource development wh|ch favorably affects the people of Moloka| The pro- :
gram is to document present and future energy demands, energy ‘conservation and alternate energy |
program costs, socioeconomic impacts, environmental and legal- constraints and benefits, publlc,

attltudes on energy |ssues and publlc acceptance of an energy educatron program.

HNEI s tasks mclude
e Pro;ectmg energy use, demand and cost fngures for conventlonal and renewable -
energy sources; s S :

; '; e Assrstmg wuth the preparatlon of renewable energy resource development programs’ B
for Molokal and wnth their presentatlon for funding; = - -

e Presentmg energy programs at publlc meetmgs workshops and. trammg sessions
-on Molokal _ S

RESEARCH PROGRESS AND PROJECT STATUS

Dunng the four months that thls program has been underway, data have been collected from_
‘a number of sources to use in an HNEl -developed energy use model:- -Molokai Electric, tax offices,
locally- -based oil companies, Hawaii Data Book, Stanford Research Institute, engmeerlng firms in-
volved in renewable energy development ‘After data compilation, several energy use scenarios were.
~run for growth rates between 2to 5 percent representlng conservatlon moderate growth and
stlmulated growth L = '
Model results show that Molokar S pnmary renewable energy resource is blomass—hay, grass,
- trees, pmeapple—and that wind power and hydropower are possible secondary 'sources. The model
also projects that, whlle liquid fuels for transportation will probably need to be |mported electrical
- energy self-sufficiency is obtainable between 1983-84 and 1988-89, depending on the rate of energy
"_ use. Conservation will be |mportant not only to accompllsh early electrlcal ESS but also to main-
- tain it." After 1990, demand” must be curbed or new renewable - resources must be developed to
avmd oil (or coal) lmports for electrlcal power generatlon '

Hay and waste paper are two -
 fuel ‘sources for Molokai Elec- -
‘tric’s new biomass boiler. - :




7SYNTHETIC FUELS WORKSHOP NO. 1, OCTOBER 7, 8,9, 1981

HNEI and Pacific Resources Inc., as part of a feasibility study to produce hydrocarbon fuels
from Hawaiian biomass, sponsored this three-day workshop on eucalyptus tree farms for the Island
of Hawali. Representatives from the Hawaii Department of Land and Natural Resources, the U.S.

" Department of Agriculture, the University of Hawaii, the East-West Center, and various private
industries studied characteristics of eucalyptus, general site information, soils, rainfall, other envi-
“ronmental concerns, nursery and plantation requirements and specifications, harvesting techniques,
and various agricultural options to determine the economic and technical feasibility of a nursery
and plantations at specific Big Island sites, Kapaau, Kukaiau, and Pua Akala. Results of this Hilo
workshop are reported in Hydropyrolysis of Biomass to Produce Liquid Hydracarbon Fuels Report
on Energy Tree Farm Workshop No 1 (HNEl 1982).

WIND ENERGY ADVISORY SEMINAR, NOVEMBER 18, 1981

HNE! and the Department of Planning and Economic Development (DPED) sponsored this
all-day seminar to identify and clarify obstacles to commercialization of wind power in Hawaii; to
recommend appropriate future roles for HNEI and DPED in wind energy research, development,
demonstration, and commercialization; and to encourage communication among key participants in
Hawaii's wind energy program. After University of Hawaii and HNE! personnel summarized the
status of wind data collection, analysis, and distribution efforts in Hawaii, landowners, utility.
spokesman, wind farm developers, industrial energy users, consultants/dealers, county and state
representatives, and the U.S. DOE regional manager made presentations and reports on issues
related to wind energy. The afternoon session consisted of discussion which resulted in recommen-
dations that the state should focus on statewide wind energy resource assessment, a legal framework
for wind energy development, long-term land use and zoning decisions, accelerated permitting
procedures, tax incentives for alternative energy projects, and public educatnon about wind and
other renewable energy resources.

WORKSHOP ON THE EFFECTIVE UTILIZATION OF THE NATURAL ENERGY |
'LABORATORY OF HAWAII (NELH), FEBRUARY 17, 1982

Purposes of this workshop, sponsored by HNEI, the Department of Planning and Economic
Development, Research Corporation of the University of Hawaii, and the Office of Research
Administration at UHM, included evaluating R & D capabilities at NELH, recommending R & D
projects_suitable for the facility, identifying potential customers, and establishing an inventory of
research competence and support services from the state’s scientific and industrial communities.
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L us. Senator Spark Matsunaga and Hldeto Kono Drrector of DPED drscussed federal energy‘f =

: e o :f Ben Shelpuk from the Solar Energy Research Institute .indicated interest in conductmg or support-.
-~ .ing research at the Natlonal Energy: Laboratory Then members of the UHM Screntlflc Advrsory
R ,‘-;;Commlttee for: NELH who toured the “facility the prevrous day, dlscussed resources at NELH;

|~ . -projects. Following this background session, the fifty-five participants divided into seven groups for = .-
.. - a working:lunch to consider. pro;ects and recommend actions. Areas for project development
~_include OTEC-related research ~solar ponds -desalination, aquaculture agrlculture cable testmg, .
'i"matenals testmg, physrcal oceanography, and meteorologrcal processes - SR

-':‘SYNTHETIC FUELSWORKSHOP NO 2 JUNE7 8 9 1982 R e
Thrs seoond synthetlc fuels workshop was held because Puna Sugar Company lands may be

ldle soon and because preliminary study indicates that. eucalyptus tree farms on the Island of Hawaii
- - are promising. Pacific Resources, Inc. sponsored the three-day study-effort as part of their U.S.

 from PRI, HNEl Hawaii County, the University of Hawau at Manoa, and- UH Hilo College evaluated
- V__eucalyptus species; Puna sites, soils, and’ envrronmental parameters possrble socrologrcal |mpacts
‘ {seedllng requirements; plantatlon speclflcatlons and design; harvesting methods; and project econo--

; Repart on Energy Tree Farms Warkshop No 2 (HNEl m preparatron)
SRR HNEI/EAST-WEST CENTER ENERGY LECTURES S

SR i “Energy and the Global Predrcament The Role of Renewables " John P. Holdren Professor
B S /' _ rn Energy and Resources Unrversrty of Callforma Berkeley, March 22 1982

"Solar Towers U S and lnternatlonal Development " Al\?m F Hlldebrandt Professor andv'
' Dlrector of the Solar Energy Laboratory, lvaersrty of Houston Aprrl 26 1982
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e ;_;iresearch funds and reiterated the: state’s commrtment -to-using NELH wisely and efficiently. B|ll" o
-~ Richards of U.S. DOE, Rlch ‘Norling of NOAA, Norm Sather of Argonne Natronal Laboratory, and -

o issues related to the laboratory suse; and possrble marine, energy, industrial, and brologrcal research” S

- DOE-funded project for productlon of hydrocarbon fuels from Hawaiian ‘biomass. Representatives - -

~mics. Results are ‘reported .in Hydropyrolysis of Biomass to Produce Liquid Hydracarban Fuels: .
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The Hawau Natural Energy lnstltute THNEl) was establlshed by the 1974 State Leglslature as .
) research mstltute at. the. Umversrty of Hawau at-Manoa {OHM). The prlmary purpose of HNEF rs"f‘
to provnde Ieadershup, focus;” and support for energy related ‘research at the umverslty, whrch will -

f’lead to the development of the- states mdlgenous natural energy resources—geothermal dlrect
solar radsatronj biomass, wind, and ‘ocean energy systems These renewable energy alternatlves can .
I (a) diminish- Hawau‘s near-total dependence on lmported ‘oil for energy, (b) help meet: mcreasmg

*energy demands w:th mlnlmum envurbnmental degradatron and (c) have a posrtlve effect on the E

: :,1 = The research‘ development -and demonstratron pro;ects in whlch HNEI engages cut across'the
enttre range: of renewable energy technologres The storage and transport of these energy alterna-
tives, ‘which. are essentlal to ‘the effectlve utlllzatlon of snte-speclfnc mtermlttent energy resources <
‘have also come under -review.: There are actlve projects on- undersea electrlc cables, energy storage
systems and electrlc vehlcles Nor have the soc1al economtc envuronmentalf legal and regulatory
: f aspects of renewable energy development been neglected L

Wl ~;Throughout lts brlef exustence, the research staff of HNEI has been small andthe bulk of the o
'research -administered by the institute has been conductedby faculty representmg the entire univer-- ;
;slty system The research and development funds allocated to HNEl by.the Hawau State Legislature

';'.‘and those obtamed from the US Department of Energy have been used effectlvely 10 support "_,._»

,‘,bnngmg the full research capabllnty of the umverslty to bear on furthermg the state goal of achlev- :
o “mg energy self»suffrcsency wrth renewable energy resources R - :
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