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No. of 
Projects 

7 
Ocean 3 
Biomass 9 
Wind 6 
Solar 4 
Other 6 

State Federal Total 
& Other Funding 

$ 254,070 
?5,298 14,975 

180,578 434,390 
1 18,200 87,080 
27,494 248,992 276,486 
33,085 82,975 1 16,060 

Total 35 $602,995 $1,122,482 $1,725,477 

In addition to the five primary energy resources listed in the left  hand column, "Other" 
P include research in areas which are common to more than one renewable resource, such 
as la) storage of energy from an intermittent resource; (b) corrosion prevention in Hawaii's moist, 
salt-taden air; and (c) economic and planning studies. 

Twenty-five 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 threeyear DOE, institutional grant. Projects for both state and 
DOE fi;nding were selected upon the recommendation of the university Energy Advisory Com- 
mittee, with guidelines and general areas of support established with input f the State Energy 
Coordinator and the energy officers from each of the four counties. 

~ This report differs from previous nual repotts of HNEI in that rather than describing 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 HNE1 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 Coordinator, published by the Department of Planning 
and Economic Development. 
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Six events combined 

clearly defined in April 1982, with 

programs. - 

emphasis by HNEl 
s. While HNEl will 
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Islands is  the top f 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 a t  the southern end are relatively young geologically. In fact, vol- 
canic activity periodically adds land to the Big Island 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 

. 

process heat for i ustry and agriculture. 

he initiative in 1972 to in exploration 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 Island 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. Th is  project, funded in June 1978 by the U.S. DOE and supported by the state, the univer- 
sity, the County of Hawaii, and Hawaii 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 electrical power 

n from a statewide geother- 
mal resour& assessment, and two requests for proposal for geothermally-produ6ed 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 demonstration well i s  scheduled to operate for at  least two years to test geothermal 
technology, procedures, and possible environmental impacts. Other research is underway to deter- 

1981. 

mine *he Inratinne extent r?hpmiwv heatin0 mechanisms. and environmental imoacts of mother- ...... " ... " -....-...-, -.._ .... -- ,, .-- .-.-------.-. -.-, ---- - - - - -  r---- - " 
mal rcxmmirs Manv of these oroiects are suooorted bv HNEI and are described in the following 
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1. Kilauea East Rift Zone 
2. Kilauea Southwest Rift 

3. Mauna loa Southwest Rift 

4. North Kona 

5. Hualalai West Flank 

6. Kawaihae 

7. Keaau 

12 a3 
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8. Haleakala Northwest Rift 

9. Haleakah Southwest Rift 

10. Olowalu- Ukumehame 

11. hhaina-Kaanapali HAWAII 
12. Lualualei Valley 

13. Mokapo Peninsula 
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KI LAUEA EAST RIFT ZONE has been the site of frequent eruptive activity during historic 
times, and a substantial number of +physical and geochemical studies conducted in the area indi- 
cate that it has the greatest geothermal potential of any locale in the state. E es of i ts potential 
range from 100 to 3,000 megawatt centuries of electrical 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, aeromagnetic 
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 i t s  capacity can be made 
with the data presently available. 

The SOUTHWEST RIFT ZONE OF MAUNA LOA has experienced eruptive activity during 
recent geologic history. However, a limited resistivity survey across the lower southwest rift did not 
detect evidence of anomalies within .6 mile of the  surface. 

In NORTH KONA, mercury and radon surveys have identified anomalies 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 location, it is highly likely to be of low to intermediate tem- 
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 
probably present near Kawaihae, but it is unlikely that temperatures are more than 175°F to 
21 2°F. 

At KEAAU, preliminary groundwater chemistry initially suggested that thermal fluids might 
be present, but no resistivity anomalies were detected to depths of 3 miles. The existence of a geo- 
thermal resource in this area is unlikely. 

Along the HALEAKALA NORTHWEST RIFT, results of mercury radon sunreys 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 
probability of a resource being present within 1.25 miles of the surface on the H 
rift is low. 

HALEAKALA SOUTHWEST RIFT was the site of the only historical eruption on Haleakala 
Volcano. Limited mercury and radon field surveys across the upper and lower southwest rift and 
data from passive seismic and electromagnetic studies suggest a thermal resource along this rift. 
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In- the OLOWALU-UKUMEH a warm water well shows evidence of moderate 
thermal alteration. In addition,_resistivity soundings have mapped a warm water lens within a few 
hundred yards of the surface, and electromagnetic sounding data suggest that the source of the 
thermal fluids may be located near the caldera boundary of West Maui Volcano. The probability of a 
low or moderate temperature resource is  considered to be very high. 
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In the CAHAINA-KAANAPALI area, groundwater geochemical data and limited mercury and 
n surveys have identified moderate to low level anomalies, but resistivities are not consistent I 

with a thermal resource. The probability of a viable low temperature resource is remote. 
j 

LUALUALEI VALLEY'S g dwater chemistry 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 Waianae caldera. Resistivity soundings, too, have identified lower than expected resistivities 
a t  depths less than .6 mile that may be due to the presence of thermal fluids. The probability that a 
geothermal resource- is present is considered to be high, although the resource will probably be of 

weak radon and mercury anomalies were identified, but 
resistivity soundings were unable to detect resistivity structures consistent with the existence of a 
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a -  Hawaii Natural Energy lnstitute 

Arthur Seki, M.S. 

Deane Kihara, Ph.D. 

nine-month project in FY 1981-82. HNEl has allocated 

81-82: $45,079. - 

fluid under Kifauea 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 flowing 
to the nature of this reservoir (or reservoirs). Projed tasks include 
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Evaluating data collected during past flow tests at HGP-A; 

Measuring earthtides before tests in order to account fo 

Conducting interferencetests to monitor pressure respon 

tests; and 

EI 

in order to identify characteristics of the reservoir(s), estimate its size and storage capacity, and 
predict i ts energy potential for electrical generation. 

RESEARCH PROGRESS AND PROJECT STATUS 

During the ninemonth project period, data from production a t  HGP-A were examined to 
characterize well recharge and production behavior; equipment was installed at BarnwelVGEDCO's 
Lanipuna-1 well to measure earthtides; and precision pressure sensing equipment was purchased and 
field tested to prepare for future inte 

An opportunity to study well GP-A occurred soon a f t  elf 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 th is  
happens is important for future wellhead generator designs, for HGP-A operation, and for reservoir 
modeling: Thus, project personnel examined earlier production tests a t  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 Tesults 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 require a thermal recovery time longer th 
December shut-in period. 

A second task for this project was completed during November and December 1981. A water 
level indicator was lowered into Lanipuna-1, located approximately 1,500 feet southwest of 
HGP-A, to measure earthtide and to monitor any possible changes in Lanipuna-1 when HGP-A 
started on December 1 1. 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 interference was observed between 
HGP-A and Lanipuna-1 after HGP-A start-up. 

To conduct pressure interference tests, a Sperry-Sun pressure sensing 
measuring 5,000 pounds per square inch (to 1/10 psi) was ordered in December. tn June 1982, the 
equipment was field-tested for one week by lowering it 1,000 feet into tanipuna-1 Minor repairs 
are being completed now so that actual deep-hole tests can be conducted during 
of the project. 





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

PR I N CI PA L I NVESTl GAT0 R : 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. 

US. Geological Survey 
~ 

PROJECT PERIOD AND 
FUNDING SOURCE: 

State R & D funds administered through HNEl are support- 
ing this one-year project which continues through December 
1982. 
Total funding for FY 1981-82: $15,560. 

PROJECT DESCRIPTION AND OWE 

The goal of this project is to measure temperatures, water levels, and chemistry 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 thermal and hydrological models which will 

Q Provide data on the nearsurface temperature regime of the east rift zone; 

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

Q Identify the natural background temperature, water level, and chemistry to assess 
any effects of testing and production a t  HGP-A and other geothermal wells; 
and 

Q Chart the distribution in time and space of geothermal well discharge. 

RESEARCH PROGRESS AND PROJECT STATUS 

Weekly water samples are collected from seven wells and coastal springs and supplied 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 

I and analyzed for silica, chloride, copper, zinc, arsenic, fluoride, lithium, sulfate, cadmium, manga- 
nese, magnesium, iron, mercury, and seiemium. While results have not yet been synthesized, there 
are significant variations in the water chemistry of some wells (lithium, copper, and zinc in one 
well; magnesium, zinc, and arsenic in another; all fourteen elements in a third welt) 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 hydrological models are being collected from the state, county, and 
U.S. Geological Survey. 
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bined, refined, an alyzed at  a later date in conjunction wit 
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records of magmatic movement under Kilauea's summit and rift zones, with testing and production 
schedules from the several geothermal wells in Puna, and with data on HGP-A effluents. 

BOILING HEAT T 1 
I 
1 1 Ping Cheng, Ph.D. 
! 

i 
i 
! 
i 

UHM Department of Mechanical Engineering 
I 

David Chui, B.S. 
Francisco Siu, B.S. 

PROJECT STAFF: 

UHM Department of Mechanical- Engineering 
i 

nine-month project during F-Y 1981-82. Additional funds 
from a U.S. DOE institutional grant also administered by 
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Q Temperature of th ing groundwater; and 
, tio of saturated steam to saturated liquid. - 



The laboratory model above allows measure- 
ment of heat transfer rates between hot htru- 
gives and surrounding water-saturated rock. 
At  right, a high temperature molybde5um 
furnace melts Hawaiian hasalts 
and attenuation studies. 
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FUN D I NG SOU RCES . 

conductivity of fluid-saturated 
the rocks are hydrothermally 



work, includes preparing and characterizing bas& samples; acquiring and assembling apparatus 
necessary for measuring seismic velocity and attenuation and thermal conductivity; and collecting 
and evaluating data for possible thermal modeling as well as interpretation of seismic data. 

RESEARCH PROGRESS AND PROJECT STATUS 

The project began by characterizing a variety of Hawaiian basalt samples in terms of mineral- 
ogic composition, pore volume, and structure. Identifying these parameters helps explain thermal 
and seismic properties determined during other project work and provides data for identification of 
basalts in the field. 

While these studies were being done, a continuous wave interferometer and related data 
collection equipment were acquired and installed to test an experimental technique 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 Telated properties 
such as density, compressibility, and velocity. These, in turn, may be useful for differentiating 
magma bodies from surrounding rock and, thus, identifying their size, shape, migration, and energy 
potential. 

Essentially, the technique involves placing a thin layer of melt between two buffer rods 
through which pressure waves are transmitted. 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 melt layer thickness or 
the frequency. Measurements taken in the field can then be compared to these data. To date, 
compressional velocity 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. 

~ 

STABLE ISOTOPIC COMPOSITIONS IN ROCKS AND MINERALS FROM HGP-A 

PR CNC I PA L INVEST I GAT0 R : Hsueh-Wen Yeh, Ph.D. 
Hawaii Institute of Geophysics 

PROJECT PERIOD AND Funds from HNEl's U.S. DOE institutional grant made this 

Total funding for FY 1981-82: $16,000. 
FUNDING SOURCE: oneyear project possible. 

PROJECT DESCRIPTION AND OBJECTIVES 

Stable isotopic compositions 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 continues earlier work 

15 
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hydrothermal alteration occurs. That 
0 ratios while high temperature alter- 
rts per thousand (ppt)-are associated 

values of +3.1 ppt, with high temperature (75OOF) alteration. HGP-A's downhole profile of 6 is, 
61 general, consistent with this interpregtion. Values near suiface are 5.2 to 5.3 ppt; those between 

range from 6.6 to 8.4 ppt; and those a t  bottomhole (6,4466,451 feet) range 
Although an-exact figure is difficult to determ 

ture (390°F-4800F) alteration; and - 

imit on the alte 
est core i s  estimated to be about 75 c 

een analyzed for their de ents. The origin of 
n the basis of this hydrogen isotope since seawater and mete- 

oricwater have different ratios of deuterium and regula; hydrogen, Calculating this deuterium/hy- 
ndicate the source of the water 

in H20 equilibrate with hydrogen 
st that seawater was the 

- 

OH in the rocks 

rom the core-sa 
apparently because the concentrations of calcite 

cite i s  not uncommon in HGP-A cores. 



PROJECT DESCRIPTION AND OBJECTIVES 

The escalation of geothermal exploration and i t s  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, in an effort to continue 
suweillance 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', K', 
CI', SO4', 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 liquid? Exposing 
seedlings of several ecologically and economically important plants from the Puna area to tap water, 
to a saline solution, and to HGP-A fluid should provide answers to these questions. 

RESEARCH PROGRESS AND PROJECT STATUS 

Species tested during this project period include seedlings of Carica papaya ("solo") and 
Anthurium andraeanum; rooted cuttings of Metrvsideros coffina var. polymorpha (ohia-lehua); 
seeds of Phaseofus vulpris (kidney bean), Glycine max (soybean), Cucumis wtivus {marketer 
cucumber), Brassika pekinensis (Chinese cabbage), and Zea mays (Hawaii sugar corn); and fronds of 
Lemna (duckweed). Most important are papaya, a major economic plant, and ohia, the major native 
forest tree in Hawaii, 

hia cuttings were 
rooted and used eight to ten weeks after application of a commercial rooting hormone. Anthurium 
sed-ings 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. 

Papaya seeds were cultivated, th to uniform seedlings, and treated 

Tests varied from five days to s, depending on the species being tested; and some 
involved germination while others monitored seedling growth. Samples of separator discharge brine 
were obtained a t  HGP-A and adjusted to eliminate the effects of hydrogen sulfide abatement treat- 
ment. A sodium chloride solution of 3,500 parts per million (pprn) was used to monitor the effects 
of simple salinity. Results show that cucumber and maize were unaffected by HGPbrine, whereas 
kidney bean and soybean seedlings were inhibited. Among the remaining tests, three species- 
anthurium, duckweed, and ohia-displayed discoloration and wilting and in the latter, defoliation. 
Papaya showed a moderate degree of growth inhibition and mild chlorosis or yellowing. Anthurium, 
duckweed, and especially ohia also showed salt toxicity. The growth of 
actually promoted by salinities of up to about 6,000 ppm. 

Single salt toxicity trials with pa a, too, have shown growth to be st 
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 ppmr Both borate and iron were quite inhibitory in test solutions 
at  5 and 2 ppm respectively. Ohia seems to be appreciably more sensitive than papaya. Thus, brines 
varv 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: i ts  use on sensitive species can resul slowed growth, 
lowered disease resistance, or other competitive disadvantages. On the other ~ growth of dif- 
ferent species such as papaya, cucumber, and maize is not adversely affected and may even-be stim- 
ulated. ~ 





Polyethylene pipes bring warm and cold ocean water to research 
facilities at the Natural Energy Laboratory of Hawaii at Keahole 
Point on the B& Island. 

c .,. . 
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I 
ing Hawaii provides a mising renewable energy option-6cean 

thermal energy conversion-and puts the ha te  in a favorable position to support and influence 
needed OTEC development. Because OTEC uses the relatively small temperature differences be 
tween deep cold ocean water (4OOF) and sun-warmed surface water (8OOF) to produce electricity, 
enormous volumes of seawater need to be processed to extract this heat energy. Thus, 

cover an 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 will 

e of the Nile River: 45 million gallons per day. 

OTEC heat engines h 

1 
! 

f 

I 
.commercially-sited OTEC plants will be very large. A 400 MW OTEC platform, for example, will 

- 

been studied to date, a closed-cycle system which 

uses seawater as the working fluid. Several OTEC system types are also being studied for different 

offshore, or designed to graze in open ocean. A variety of products and applications are possible, 
too, with OTEC: electricity, fresh water, cold nutrient-rich seawater for aquacu Iture, 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 

1 
1 he& and cools a working fluid with warm and cold ocean water and an open-cycle system which 

I sites and circumstances. OTEC facilities could be shore-based, tower-mounted offshore, moored 
i 1 
I 
j 

1 
1 a truly versatile energy 

1 
I 

l 

I 

Several smal 1-scat and at-sea tests have been completed to initiate development of 
this new technology. For-several years Ke-ahole Point, studies have been underway to solve bio- 
fouling and corrosion problems criti 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 OTECl operated in waters off Ke-ahole Point for several 

981 to conduct TEC components. 

Contracts, too, have been awarded for pilot plants and intermediatescale tests. In February 
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, Hawaiian 
Dredging and Construction Company has recently begun Phase 1 I of a three-phase project to design, 
construct, and install and operate an 8-foot diameter, 4W-fOOt long, fiberglass-reinforced plastic 
cold water pipe. Phase I 1  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 Keahole 

techniques for shore-based or shelf-mounted OTEC facilities. 

er OTEC-related tests at  the Natural Energy Laboratory of Hawaii at Ke-ahole Point and 
at the university will help answer many remaining questions about OTEC's technology, ocean engi- 
neering requirements, and environmental effects. HNEl is supporting several of these. 

I 

I 

I 
1 

I 

i 
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D=DISTANCE RANGES FROM 500 FEET TO 1000 FEET. 

PROTOTYPE OCEAN WAVE MEASURING SYSTEM 
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M MEASUREMENT SYSTEM FOR 

UHM Department of Ocean Engineering 

Frances Benevides, M.S. 

Ray Jeffcott, M.S. 
Federal Aviation Administration 

FUNDING SOURCE: 

tional wave data of good quality will be useful for Hawaiian Dredging and Construction Company's 
'at-sea cold water pip ahe Point, Oahu. est and for the  design 

ROGRESS AND PROJECTS 

lore existing- technology dev estigator attended the Inter- 
national Symposium on Directional Wave Spectrum Applications and the Atlantic Remote Sensing 
Land-Ocean Experiment Workshop. No proven system is  suitable for measuring directional wave 
spectra in deep water, but several shallow water buoy systems under development now have advan- 

cloverleaf buoy, a directional waverider buoy, a disadvantages for deep water use 
cnarrh htinv an FMnFf!fl hiinv nn 

rectional wave spectra measurement system 
ponents were ordered by June, and fabrication of the electronic system is scheduled 
gust pending delivery of key parts. The system itself consists of three low-frequency 
rs mounted in a triangle at the ocean bottom and a sonic receiver installed in a buoy 

the ocean surface. The transducers, each-of which i s  assigned a unique audio fre- 
quency (400, 500, and 600 Hr) for identification, transmit a continuous audio signal which the 
sonic receiver detects and amplifies. This receiver also measures, as a function of time, phase differ- 
ences between incoming audio signals from each transducer and an on-boaid reference signal and 
records these data for later processing and analysis. Analyzing phase differences to ascertain abso- 
lute position of the buoy as a function of time yields wave height records as well as 

- 1 
I 
1 velocity records; from th can be determined. 
I 
I 
I 
1 

I 
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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 

PR I NCI PAL I NVESTl GATOR : Robert A. Grace, Ph.D. 
UHM Department of Civil Engineering 

Frederick M. Casciano, M.S. 

fan L. Sandison 
Matthew W. Bonini 

UHM Department of Ocean Engineering 

UHM Department of Civil Engineering 

State R & D funds administered by HNEl supported this 
two-year project in FY 1981-82 and will continue to do so 
during FY 1982-83. 
Total funding for FY 1981-82: $33,521. 

PROJECT STAFF: 

PROJECT PERIOD AND 
FUNDING SOURCE: 

PROJECT DESCRIPTION AND OBJECTIVES 

A 12-inch diameter, highdensity 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. 

i 

i 

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 determining the preparing the locations at sea for experimental 
components; ordering, constructing, and testing data measuring and recording equipment; designing, 

L 

! 
i 

i 
fabricating, and installing a wavemeasuring mast; assembling the test pipe and installing it a t  the 
test site; and collecting and analyzing data. 

i 

RESEARCH PROGRESS AND PROJECT STATUS 

Investigating breaking wave forces on 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 fairly level bottom topography, a site 
was chosen almost directly downswell of an already established offshore test site a t  the 37-foot 
depth, thus allowing measurement of incoming wave conditions. A mooring system was established 

. a t  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 a t  appropriate 
locations; threaded rods were secured in these holes with epoxy; and pipe supports were installed 

pipe was purchased to fabricate a central test  
ipe section and two flanking pipe lengths 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 30 make the-overall te,st 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 established 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 

ng the next six months to prepare for the data collection. 

ion for the pipe. 

ch diameter standard 

Photo courtesy of Robert Grace 

cold and warm water pipes at NEL H, 
left. Above, temporary weights and ropes hold main test 
pipe while project divers install forcemeasuring section. 
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ENVIRONMENTAL EFFECTS OF OTEC CHLORINATION 

A major problem facing designers of OTEC plants is keeping heat exchanger surfaces free of 
fastgrowing 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 biofouling-may depend on 
understanding these processes in tropical waters. 

This study aims first a t  answering the following questions about the chemical dynamics of 
halogen transformations: 

8 What are the major organic and inorganic products of seawater chlorination? 

e Are these products different qualitatively and/or quantitatively in warm shallow 
and deep cold waters? 



I 

i - L  

\ 
I 
i ituents are being used in these tests. Measurement techniques for 

. inorganic 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 conductivity detector. 
Initial results indicate that seawater chlorination at  the level of 1 part per million produces approxi- 
mately 30 parts per mitlion of volatile halogenated organics. Experiments have also begun to deter- 
mine whether these production rates are well defined functions of the amount of chlorine added 
to seawater. All o 

NELH aquaculture test  pad is complete for the bioaccumulation 
experiments. The cold water pipe and related pumping system are in place and functioning; two 
tanks, one for chlorination and one for control, are operational. Culturing of organisms to construct 
- -  a food chain-phytoplankton, brine shrimp, artemia (tilapia), and oysters-have been successful in 
small tanks. Organisms will be transferred to test tanks soon and retained there for four months. 

g methods similar to those used for 

I 
i 

i t 

I 
f 

s will run for one calendar year. i 

! 

I 
I 
I 
I 
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The Hawaiian sugar industry produces over 7 percent of the state's electricity by burning 
bagasse and pelletized bagasse, below. 
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CHARACTERIZATION OF LIPIDS FROM AN ALGAL PRODUCTION RACEWAY 

Edward Laws, Ph.D. 
M Department of Oceanography 

eth Terry, Ph.D. 
Michael Chalup, B.S. 
Janice Hirata, B.S. 
Tanya Tagami, BS. 
Giacomo DiTullio, B.S. 

UHM Department of Oceanogra 

nds from several sources have supported this multiphase 
project since 1979: US. DOE Solar Energy Research lnsti- 
tute,-Hawaii Department of Planning and Economic Develop- 
ment, and HNEI. For FY 198282;HN 
US. DOE institutional grant. 
Total funding for FY 1981 82: $281 

PROJECT PERIOD AND 
FUNDING SOURCES: 

PROJECT DESCRIPTION AND OBJECTIVES 

Objectives of the algal raceway project are to grow the diatom Phaeoda 
a high 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 this long-term 
project, lasting perhaps eight years or more with four phases, are to 

Q Design and construct an algal production raceway sy 
imately 540 square feet, and verify that estimated 
60 tons of oil per hectare-year can be achieved; 

Q Develop a satisfacto ng method for the algal 

Q Characterize the ph mica1 properties of P. 
lipids. - 

- Construction of the raceway pieted for many mon 
efficiently removing cells with a minimum of energy expenditure. Efforts during FY 198182 have 
focused primarily on characterizing P. trr’comufum since using this al 
source requires detailed knowledge of i t s  lipids: 

6 Determine lipid weight; 

Separate polar and n 

Further characterize these tipid fractions. 

RESEARCH PROGRESS AND PROJECTSTATUS 

Lipid extraction is accomplished using a modified Bligh-Dyer procedure. The total lipids, 
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 nitrogen at -4’ 
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PILOTSCALE ENERGY TREE FARM RESEARCH 

PRINCIPAL INVESTIGATOR: James L. Brewbaker, Ph.D. 
UHM Department of Horticulture 

PROJECT STAFF: Kenneth MacDicken, B.S. 
Rick Van Den Beldt, M.S. 

Charles Sorensson 
UHM Department of Agronomy and Soil Sciences 

Colorado State University Department of 
and Soil Sciences 

PROJECT PERIOD AND 
FUNDING SOURCES: 

HNEl has provided funds for FY 1981-82 and for FY 1982- 
83 for this project, which also has limited support from the 
U.S. Department of Agriculture, the U.S. Agency for Inter- 
national Development, and U.S. DOE. 
Total funding for FY 1981-82: $55,461. 

Leucaena seedlings grown at UWs 
Waimanalo nursery for energy farm 
planting. 

Photo courtesey of Kenneth MacDicken 



, with three additional sites tenta- 
re held with potential cooperators 



ON-FARM METHANE GENERATION WITH SLUDGE RECYCLING 

P R IN Cl  PAL 1 NVEST IGATO R : Ping-Yi Yang, Ph.D. 
UHM Department of Agricultural En 

PROJECT STAFF:' Steven Nagano, B.S. 
Brian Koba 

UHM Department of Agricultural En 

PROJECT PERIOD AND 
FUNDING SOURCES: 

s supported laboratory 
mentation in FY 1976-77 which led to installation and opera- 
tion of an anaerobic digester in 1978. Research on necessary 
improvements has been funded by the U.S. Environmental 
Protection Agency (FY 1980-81) andby HNEt (FY 1981-82) 
from state R & D monies. 
Total funding for FY 1981 -82: $58,450. 

- 

T DESCRIPTION AND OBJECTIVES 

naerobic lagoons have been used for years as the main animal waste disposal system in 
the US. The biodegradable portion of the wastes undergoes anaerobic decomposition to produce 
carbon dioxide, 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 anaerobic digester with sludge 
recycling, offers more efficient biogas production, reduced land costs, and integrated animal 
waste management system for energy production and utilization and pollutio ntrol. The rubber- 
ized digester itself is inexpensive and easy to install and operate as previous tests by the principal 
investigator show. With sludge recycling, the system promises increased gas production rates per 
digester volume. This project's purpose is 

Q To investigate the operational performance of anaerobic digestion of swine waste 
with sludge recycling by varying hydraulic retention time andfor loading rates of 
total volatile solids; and - .  

Q To develop necessary design and operational criteria for an o -farm methane gener- 
ation process with sludg 

RESEARCH PROGRESS AND PROJECT - -  
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HYDROPYROLYSIS OF BIOMASS TO PRODUCE LIQUID HYDROCARBON 

P R I NC I PA L INVEST I GAT0 R Paul C. Yuen, Ph.D. 
FOR HNEl SUBCONTRACT: UHM College of Engineering 

PROJECT STAFF: Arthur Seki, M.S. 
Hawaii Natural Energy Institute 

PROJECT PERIOD AND 
FUNDING SOURCE: 

In September 1980, Pacific Resources, inc. was awarded a 
U.S. DOE grant to examine the feasibility of commercially 
producing hydrocarbon fuels from biomass feedstocks avail- 
able in Hawaii. The Institute of Gas Technology has been 
responsible for testing a conversion recess, and HNEl 
received a subcontract for resource ass ent and technical 
assistance. Project period is from August 1980 through March 
1983. 
Total funding for FY 1981-82: $33,738. 

PROJECT DESCRIPTION AND OBJECTIVES 

This project is to evaluate the use of IGT's HYFLEXm hydropyrolysis process for converting 
Hawaiian biomass feedstocks to liquid and other fuels such as oil, LPG, and char. HNEl's tasks 
include 

Q Characterizing the biomass resources in Hawaii, including amounts presently avail- 

e Determining present land use and land ownership to identify potential plant sites; 

able and chemical compositions; 

Q Collecting technical, economic, and financial data pertaining to cultivation, harvest- 

Q Helping assess environmental and socioeconomic issues related to biomass produc- 
ing, replanting, and preparation of feedstocks; 

tion; 

Q Participating in integration and evaluation of overall study results. 

RESEARCH PROGRESS AND PROJECT STATUS 

HNEl began by gathering information on available and potentially avail biomass 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 harvesting 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 availableliterature from the 
United States Department of Agriculture, the University of Hawaii, the U.S. Forest Service, the 
Commonwealth Scientific and Industrial Research Organization of Australia, and others. 

Next, data maps showing topography, rainfall, land use zones, present land use, soil condi- 
tions, and land ownership were made for Hawaii, Maui, Kauai, and Molokai. By combining informa- 
tion on these data maps with environmen requirements for specific crops, new maps were formu- 

~ 
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e areas available for ea crop on each island. PRI and IGT, in the meantime, 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. &ligna, and E. the most promising combination of 

entia1 site selected, Waiakea, was rejected because the project could threaten 
endangered plants and bird species a t  lower elevations in this area. A second plan called for using . 

noncontiguous sugar lands in Kohala and grazing land above Honokaa and Hilo. A biomass work- 
shop, with participants 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 establishment, social and environmental issues, and financial aspects. The market value of 
producing 467,500 bone dry ton ear was calculated to be about $58 per bone 
dry ton. 

nds may be idle soon and beca se eucalyptus tree farms 
and 10 in Hilo. 

-and the Big Island 

ppear feasible for this area, a ee farm workshop w 

M RENEWABLE 

ries Professor of Renewable 
Energy Resources 

ndrew Cutler, M.S. 
Mark Hopkins, B.S. - 

I 
i William Mok, B.A. 

support construction of this laboratory. 

I s 0  contributes to 

Hawaii's research effort in renewable energy resources, especially biomass pyrolysis and solar fired 
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 fuee hood, 
benches, cabinets, safety and security enclosures; and purchasing needed equipment and testing 

hese will supplement the $300,000 worth of equipment the first Coral Industries Profes- 
derally funded research activities a t  Princeton University. 

I both undergraduate and graduate programs in mechanical engineering as well as to the University of 

1 

i 
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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 H51 AR balance; 
Computerized (IBM PC) data acquisition system; and 
Two-stage mechanical vacuum pump. 

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

REACTOR/RECEIVER DEVELOPMENT FOR FLASH PYROLYSIS OF BIOMASS USING 
CONCENTRATED SOLAR RAD I ATlON 

P R IN C I PA L I NV EST1 GAT0 R : Michael J. Antal, Jr., Ph.D. 
UHM/HNEI Coral Industries Professor of Renewable 
Energy Resources 

Mark W. Hopkins, B.S. PROJECT STAFF: 
UHM Renewable Resources Research Laboratory 

~ 

PROJECT PERIOD AND 
FUNDING SOURCES: 

This project, which runs from April 1981 to September 
1983, is funded by the U.S. DOE; additional support has 
come from the National Science Foundation and the Solar 
Thermal Test Facilities Users' Association. 

I 

I 
€ 

F 
i 

Total funding for FY 1981-82: $1 1,533. 

PROJECT DESCRIPTION AND OBJECTIVES 

While low temperature wood pyroIysis has been understood and was used in the U.S. as a 

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 

5 

5 source of methanol for many years, research in the 1960s suggested that flash pyrolysis-the rapid 

I 

developmental research on equipment design and operating parameters to achieve desired product 
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yields. The objective of this project, then, is to complete benchscale research activities to develop a 
ss flash pyrolysis reactor. Tasks incl 

I 
I Arc-image furnace construction; r 

sts of spouted-bed reactors; 

cation, and testing of a ash pyrolysis reactor; I 
I 
1 

l Final design and fabrication of the flash pyrolysis reactor, including provisions for 
continuous removal of char; f 

1 
i of the arc-image furnace to 30 kW and characterization of i ts  perform- 

actor and a reflective cavity within the arc-image furnace; 

Measurements of the system's magnification factor, throughput, product yield, I 

and composition. 

I 
i )r 

I 
1 

BIOMASS 

I 

PARABOLiC 
MlRR 
7 

LYSIS REACTOR 
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RESEARCH PROGRESS AND PROJECT STATUS 

The first three project tasks have been completed during FY 1981-82. The arc-image 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 a t  the bottom inlet passes through this feedstock bed, 
entrains some of the particles (depending on their particular 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 le f t  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. Radiant 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 beenpyrolyzed 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 1982-83. 

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

t 

d 
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essentially of two microreactors embedded in a tubular 

nder high pressure (25 atmospheres) and controlled 



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

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

PROJECT STAFF: Andrew Cutler, M.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. 

~ 

PROJECT 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 i s  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 informati,on 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 laminar-flow pyrolysis reactor and 
then examining carefully the pyrolysis of these compounds chemically related to cellulose. Tasks 
include 

Q Design and construction of a laminar-flow reactor; 

8 Verification of reactor performance and development of a theoretical understand- 

Q Selection and performance of control experiments, including pyrolysis of mate- 

0 Synthesis of levoglucosan, ct methyl- and a, a dimethylglycerot, and dioxabicyclo- 

Q Determination of the pyrolytic kinetics and mechanisms of these compounds to 

ing of reactor behavior; 

rials whose pyrolysis mechanism and kinetics are known; 

octane; and 

clarify cellulose pyrolysis. 

RESEARCH PROGRESS AND PROJECT STATUS 

The first three project tasks have been completed 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 as it was 
designed. These led to a few minor changes in operating procedure. In addition,_the literature on 

41 
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laminar-flow reactors (most of which is theoretical in nature) led to some important insights about 
what to expect from the project reactor. 

Since laminar-f low 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 against values in the literature. Results veri- 
fied reactor performance. 

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 describing it. Methyl- and dimethylglycerol have also been synthesized in 
preparation for pyrolysis. Work continues on synthesis and pyrolysis of these model compounds. 

+. 

Following this procedure, gl 

and parabotic mirrors concentra 
ficiat sunlight on a grass teac 
furnace. Left, Andrew 
the reactor. 

e focal point of the solar 
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ALCOHOLANATER MIXTURES AS FUELS 

P R IN C I PA L I NVEST I GAT0 R : Deane Kihara, Ph.D. 
UHM Department of Mechanical Engineering 

PROJECT STAFF: Bryan Young, B.S. 
Hawaii Natural Energy Institute 

PROJECT PERIOD AND 
FUNDING SOURCE: 

HNEI supported this ninemonth demonstration project from 
state R & D funds. 
Total funding for FY 198182: $6,965. 

PROJECT DESCRIPTION AND OBJECTIVES 

t 

Only initial work has been done to determine the feasibility and advisability of modifying 
gasoline 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 
ethanol and methanol; and by experimenting with alcohol/water mixes for optimized economics 
and fuel efficiency. General tasks for this project include 

Q Retrofitting two automobiles to operate on alcohol fuels; 

o Performing laboratory controlled tests with a dynamomete to establish engine 

Q Testing ethanol and methanol fuels for differences in performance a 

o Experimenting with ethanolfwater and methanoVwater mixtures to identify opti- 

Q Conducting road tests to verify laboratory results. 

performance and emissions rates; 

tuning requirements; 

mum alcohol fuels; and 

RESEARCH PROGRESS AND PROJECT STATUS 

Two automobiles, a 1975 four-cylinder Toyota and a 1963 eight-cylinder Mercury, both with 
automatic transmissions, were retrofitted by removing and flushing the fuel tanks, replacing fuel 
outlet hoses, replacing line filters a t  the carburetors, removing and cleaning the carb 
ing main and idle jets, resetting ignition timing, and reinstalling modified carbu 

Following conversion, the Toyota fogged 768 miles on 100 percent ethanol over a period 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 gallon with gasoline. After logging 768 miles, 
however, deposits formed which clogged the carburetor jets. Repeated cleaning of the carburetor, 

r 
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s, and fuel tank did not rectify-the problem. Energy dispersive analysis of x-rays and x-ray 
power diffraction analysis indicated that the deposits 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- 
bility that the unknown deposit may be aluminum ethoxide, but due-to the absence of published 
x-ray diffraction 'data on -aluminum ethoxide, the- deposit -could not be positively identified. 
Because these deposits made further oper 

i 

I 

- 

the engine dynamo- - 
f 

981 and was driven 
3,160 miles over a fo imarily on freeways between UHM and the north shore of 
Oahu. Fuel consumption was 6.8 miles per-gallon of methanol compared 6 14 miles per gallon o f  

with no d d  start problems or-carburetor deposits. 

e vehicle was tested for perfor 
alcohol/water' mixtures as fuel. The first test  used 100 percent methanol, simulated a load, and mea- 
sured the power output a t  the rear wheels a t  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 
methanoV20 percent water, power output on the dynamometer was comparable to that for gaso- 
line use. No long-term- road tests were cdnducted, however. Engine performance with a 10/30 
mixture was erratic; 
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A 1.8 kW Enertech is installed on a %foot tower at Kahuku during 
an HNEJ Wind Energy Technical Workshop. Below right, a 200 kW 
Winco and a 300 k W Dragonfly charge batteries under the Enertech. 



Hawaii has some of the most fa rable wind regimes in the world. Northeasterly trade winds 
blowing 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. Bu t  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 interfacing and grid stability, 

- 

ing, safety, and aesthetics among others. 

any public and private groups who have rec role that wind 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 
applications; and plans are in various states or readiness for an MW wind farm on Oahu and 
several smaller wind farms on Maui, Molokai, and Hawaii. 

n cooperation with many of these same public and private groups,.has 
established a Wind E Research, Development, and Demonstration Program to focus efforts on 
the key issues of assessment, WECS reliability verification, wind energy applications 
research, and nontechnological issues related to  wind energy development. Because good wind 
energy conversion results-that is, those that maximize output at  minimum cost-depend on good 

d regimes, the most important element of any wind energy development program is comprehen- 
wind energy resource assessment to compile accurate information for intelligent WECS siting 

nd data and equipment to collect data readily available for research,and siting 
ardware development and optimization can occur. Siting prototype WECS in 

ile per hour wind regimes makes possible long-term reliability verification and 
helps to resolve questions such as economic viability, corrosion protection, optimization of output, 

Then, although generation of electricity i s  likely to be the primary application 
y other applications are possible, especially given wind's intermittent nature. 
arch which will lead to a variety of viable wind energy applications serves to 

hardware development, 
Y development program. 

wind's total contribution to Hawaii's various energy needs 
tion, and diversification are only part of any thorough wind 

c ing carried on, many other issues need to be addressed, possible barriers removed, 
ams developed. Environmental and social issues related to wind energy develop- . 

mined; legal questions of infringement and wind rights need to be settled; , 
zoning and perrpitting requirements need to be clarified; and economic details and financing alterna- 
tives need to be developed. Projects supported by HN Y 1981-82 have focused on these 
four elements of the Wind Energy R D  8t D Program. 
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WIND ENERGY RESOURCE ASSESSMENT 
f '  

PR I NCI PA L I NVESTl GAT0 R : John W. Shupe, Ph.D. 
Hawaii Natural Energy Institute 

PROJECT STAFF: D. Richard Neill, B.S., M.Div. 
Bernard Holst, A.A. 
Raymond Rapalee, A.A. 
Robert Connelly, M.S. 
Michael Burger, BA. 

Hawaii Natural Energy Institute 

PROJECT PERIOD AND 
FUNDING SOURCE: 

This ongoing project has been supported by HNEl's state 
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 HNEl 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, site-specif ic data 
collection. 

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

o Maintaining three HNEl and three U.S. DOEPNL meteorological towers; 

Q Identifying the site for a fourth HNEl tower; 

o improving an anemometer loan program; 

o Establishing an Hawaii Wind Energy Data Bank; and 

Q Publishing wind energy data. 

RESEARCH PROGRESS AND PROJECT STATUS 

HNEl has three meteorological towers, two 150-foot towers at  Kahua Ranch, Hawaii, and 
Moomomi Beach, Molokai, and a 6O-foot tower at  Kalaupapa, Molokai. The 150-foot towers have 
been instrumented with wind speed and direction sensors a t  approximately 30-, 90-, and 15O-foot 
levels, and at  the base of the towers automatic recording systems collect data on magnetic tape at  
6-minute intervals. The 6O-foot tower at Kalaupapa, part of HNEl's Wind Energy Battery Storage 

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, Molokai;and Kahua, 
Hawaii. 

Research Program, measures wind speed, wind direction, global insolation, and time of wetness at z 
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g these wind da s on line, operational, and providing reliable data 
fficult because .Hawaii's very corrosive environment and a strong steady wind regime take their 

toll on the sensitive electronic equipment. HNEI has made regular bimonthly inspections to lubri- 
cate moving parts, make wiring checks, clean tapeheads, and replace functioning parts, including I 

I 

I -  
wind speed and direction sensors 

when the appropri site is selected. 
HNEI, in consultation with Kau Y and Kauai Community College, has installed a portable 
anemometer at two promising si near Koloa and the other on a ridge near Kawelioka Point. 
Data, which were collected at  &minute intervals for two months, indicate that neither site i s  opti- 
mal for siting of the long-term ation. The first site has good aggregate wind energy 
but varies significantly from g ds; wind speeds at the second site are so similar to 

hue Airport data that erecti is not justifiable. Two additional sites suggested by 

I 
I -  

! 
i 

1 easured before the to 
I 

I 

i 

I 

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 wind 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 
measurements have borrowed this equipment this exchange for making their cokcted data 

d Energy Data Bank. 

Equipment purchased includes an Apple 
oftware 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 UHMrM's and HNEl's towers and several operated by the National Weather Service, US. 

i County, and Kahua Ranch, are now collecting wind data and relaying them to HNEl's 
d data bank. Short-term data taken by those who use HNEl's anemometer loan program 

rded.-Average daily wind speeds from the long-term stations and wind energy maps of 

f AND WIND EN 

John W. Shupe, Ph 



PROJECT PERIOD AND 
FUNDING SOURCE: 

This continuing project was supported during FY 1981 -82 by 
state R & D and CIP funds administered by HNEI. 
Total funding for FY 1981 -82: $59,858. 

PROJECT DESCRIPTION AND OBJECTIVES 

Long-term operating experience with 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. HNEl'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 develophg and testing a WECS monitoring system, procuring 
wind energy conversion systems, and planning specific applications for these WECS. 

RESEARCH PROGRESS AND PROJECT STATUS 

HNEl has purchased ten CR-21 microloggers from Campbell Scientific which will 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 dowment long-term performance by collecting data a t  
6-minute intervals with cassette tape changes every month. 

The first effort to put this monitoring system into use was successful, even if the WECS being 
monitored was poorly sited and installed. HNEl 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 limited data before the machine failed. HNEl's monitoring system 
is, however, ready to be used. 

HNEl has acquired several machines for various applications which will be equipped with this 
monitoring equipment: 

15 kW Windtech 
15 kW MillvilleHawaii 
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 windhitrogen 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, possibly HoImes 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 HNEl have also made arrangements for cooperative 
research and development on wind energy conversion systems at the Kahu ku Wastewater 
Plant. HNEl 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 BAlTERY 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, S.M. 
Robert Connelly, M.S. 
James Bac, B.B.A. 
Bernard Holst, A.A. 
Raymond Rapalee, A.A. 

Hawaii Natural Energy Institut, 

PROJECT PERIOD AND 
FUNDING SOURCE: 

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

PROJECT DESCRIPTION AND OBJECTIVES 

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 1MOECO's) utility grid. Phase i of the project is a preliminary design analysis; Phase ll 
consists of evaluating Molokai Electric's newly installed generating system and completing a final 
system design; Phase I I I will include construction, operation, and monitoring of the system. 

Specific tasks for Phase I include 

e Collecting meteorological, utility loading, and component cost data; 

o Developing various system configurations and performance measures; 

o Evaluating system configurations by computer simulation; and 

o Refining system design parameters. 
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PROJECT STAFF FOR D. Richard Neill, B.S., M.Div. i 

HNEI TASKS: Bernard Holst, A.A. i Raymond Rapalee, A.A. 1 

i PROJECTPERIOD AND - This three-year research program is ively funded by ! 

FUNDING SOURCES: the- UHM College of Tropical Agriculture and Human I 
i 

i 
~ E 

Hawaii Natural Energy Institute 

Resources, the East-West Center, and the Kettering Institute, 
which are responsible for the fertilizer production process, 
and by HNEI, which is responsible for the WECS to power the 
process. 1 

Total funding for FY 1981-82: $5,000. i 
PROJECT DESCRIPTION AND OBJECTIVES 

~ 

Nitrogen fertilizer, which is currently being produced primarily from natural gas, requires 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 i n  the field using nitrogen 

an electric arc 
through air in a hollow tube to combirie free nitrogen and oxygen. Water is th 
nitric acid which, when combined wi ther limestone or phosphate rock, produces a nitrogen 
fertilizer. 

i r 
i from air and electricity from a wind turbine generator. The process simply 

The Kahuku Seafood Plantation of Systemsculture, Inc. on Oahu is th 
HNEl is installing the small wind energy conversion system which will supply electricity for the 
process. HNEl tasks for FY 1981-82 include 

8 Purchasing WECS; 

Q Preparing site and fo 

e 

Q Installing and testing WECS. 
Installing tower and ele&cal hookups; 

~ 

RESEARCH PROGRESS AND PROJECT STATUS 

A United Technologies Research Corporation 15 kW proto 
Kahuku in early 1981. Several months later UTRC decided not to pro 
cially and offered to repurchase the machine. Windtech, Inc., however, who acquired the UTRC 
designs, agreed to make major modifications in the WECS system with the repurchase money pro- 
vided by UTRC. The generator assembly, rotor, and tower remained essentially 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 i t s  5GfOOt tilt-up tower can be raised 
and towered by one man, using a battery operated winch. It cuts in at  9 miles per hour, and pro- 
duces 2 kW a t  12 miles per hour and up to 15 kW at  25 miles per hour or above. An estimated 
50,000 to 60,000 kWh of electricity will be generated each year a t  this location. 

I 

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 





SAIL-ASSISTED TECHNOLOGY FOR PACIFIC MARINE TRANSPORTATION 

PRINCIPAL INVESTIGATOR: Theodore T. Lee, Ph.D. 
UHM Department of Ocean Engineering 

PROJECT STAFF: Karl Samples, Ph.D. 
UHM Department of Agricultural Eco 

Leo A. Daly, Inc., Alfred Yee Division 

UHM College of Business Administration 

UHM Department of Ocean Engineering 

Wayne Thiessen, B.S. 

Angela Topliss, B.S. 

Mauro Vidal, B.S. 

PROJECT PERIOD AND 
FUNDING SOURCE: 

This project runs from March 1982 through June 1983 and 
is supported by HNEl's state R & D funds in FY 1981-82 and 
U.S. DOE institutional grant funds in FY 1982-83. 
Total funding for FY 1981-82: $7,746. 

PROJECT DESCRIPTION AND OBJECTIVES 

The goal of this project is to evaluate the economic and technical feasi 
ocean transportation in the Pacific Basin. Objectives of the project are several: 

e Complete a market opportunity analysis for sail-assisted technology in the Pacific; 

e Establish appropriate rout& for sail-assisted technology by evaluating the ocean 

Q Complete an economic analysis of sail-assisted ocean transpo 

Q Evaluate the most appropriate technology and ship configura 

Q Compare the  costs of retrofitting existing ships with sails v 

environment (wind, wave, and current conditions); 

routes; 

ships intended for different purposes; 

and constructed sail-assisted ships. 

Preparing vessel performance comparisons, vessel routes, and economic feasibility 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 Islands Govern- 
ment, the Commonwealth of the Northern Marianas, and the Republic 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 

55 



ere some o 



A VERTICAL CORROSION PROFILE STUDY AT KAHUKU, OAHU 

P R I N Cl PA L I NV EST1 GAT0 R : Anders Daniels, Ph.D. 
UHM Department of Meteorology 

PROJECT STAFF: Kirk Lauritsen, B.S. 
UHM Department of Meteorology 

HNEl supported this one-year proje 
DOE institutional grant. 
Total funding for FY 198182: $4, 

PROJECT PERIOD AND 

PROJECT DESCRIPTION AND OBJECTIVES 

Many of Hawaii's excellent wind regimes are located in coastal areas with salt-laden atmos- 
pheres. Thus, data on salt concentrations at  various elevations above grou- I will be necessary 
for designing wind energy conversion systems which can withstand these sive environments. 
The purpose of this project is to measure sea salt concentrations in a vertical profile at Kahuku, 
Oahu, site of the U.S. DOE/HECO 200 kW MOD-OA wind turbine and planned 
wind farm. Tasks include 

Q Developing an inexpensive measuring method using kites; 

0 Verifying the accuracy-of th is  method in trials at Bellows Field; and 

. 8 Profiling the Kahuku areaduring trade winds at different distances from the beach. 

RESEARCH PROGRESS AND PROJECT STATUS 

Because meteorological towers and airplanes are expensive, initial project efforts focused on 
developing an inexpensive, practical, and reliable system for measuring corrosion profiles: modified 
hand-held TALA kites. These tethered aerodynami&lly lifting anemometer kites are normally used 
to measure wind speeds and turbulence at 50- to !ji[)O-foot altitudes where a large wind turbine 
operates. The 2- by $foot waterproof paper sled k i te  i s  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 completes the system. 
During operation, height and azimuth of the kite are measured optically wi clinometer and a 
compass. In  order to adapt the kites for measuring atmospheric salt concen ns, 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. Beforeeach test, the 
wires were cleaned in a nitric acid solution and rinsed with deionized water. Each wire was stored in 
an Erlemeyer flask to avoid contamination during storage and transport, and wire ends touched 
before and after flights were excluded from the subsequent analysis. In th the wires were 
rinsed by a known volume of distilled and deionized water which was then ugh an atomic 
absorption spectrophotometer to obtain the sodium concentration. 

Kites were flown for l-hour periods during six trials in November 1981 at  Bellows Field near 
Kahuku. Fortunately, a team of scientists from New York State University were measuring salt 
concentrations on the windward side of Oahu using a specially equipped airplane. This provided an 
opportunity to sample simultaneously with the NYSU group in order to evaluate the kite method 





The conmntmting photovoltaic enerw system at Lihue's Wilcox 
Hospital consists of ten rows of eight parabolic collectors. 
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tion-among the best in the nation. 

complexity, and in various developmental aages. Passive solar systems, for example, essentially 
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 an 
direct sunlight. These systems abso can then be transferred to hou~ehold wat 

used for space heating. 

ins developed whi 
simply absorbing sunlight, actually concentrate it with mirrors or parabolic metal troughs or dishes. 
These systems increase intensities from ten to as much as several hundred times and, thus, produce 
much higher temperatures than f lat-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 

r is one particular concentrating system which produces temperatures of about 900°F to  gener- 
lectricity. Dozens of mirrors or heliostats collect sunlight and focus it on a boiler at the top of 

rhaPs the most miraculous of the 
new solar technologies. A simple solar cell is a 4-inch diameter silicon wafer crisscrossed by a grid 

s. When photons of sunlight strike the cell, they free electrons which migrate to the 
duce a direct current of electricity. PV cells can be usedin flat arra 

a-central tower, a t  the base of which is a conventional turbogenerator. 

ricity is also the product of photovoltai 

oints of concentrating sy 

ial systems of al l  of these 
awaii State Legislature and s 

councils have developed building codes which support energy efficient designs; nearly 20,000 solar 
water heating units in the state give Hawaii the highest per capita rate in the U.S.;and several photo- 

re producing electricity and hot water for homes and 
olve technical problems, increase conversion efficien- 

ear& as the fol 
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WlLCOX HOSPITAL SOLAR PHOTOVOLTAIC DEMONSTRATION 

PR IN CI PA L I NV ESTlG ATOR Paul C. Yuen, Ph.D. 
FOR HNEI SUBCONTRACT: UHM College of Engineering 

PROJECT STAFF: Arthur Seki, M.S. 
George Curtis, B.S. 

Hawaii Natural Energy Institute 

PROJECT PERIOD AND 
FUNDING SOURCES: 

US. DOE awarded this project contract to Acurex Corpora- 
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 HNEI for project operation and maintenance for an 
eighteen-month period. 
Total funding for FY 1981-82:$6,000. 

PROJECT DESCRIPTION AND OBJECTIVES 

The overall goal of the Wilcox Hospital PV concentrator applications experiment i s  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 a t  
the collectors' focal points. With this concentrating system, the cells receive about twenty-eight 
times the normal solar intensity 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 al l  
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 18OoF 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 controls the tracking mechanism, cell cooling, power conditioning, 
and data acquisition. 

HNEl's responsibilities 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 
operation and maintenance activities which include conducting routine tests and operating the 
visitor center. 

RESEARCH PROGRESS AND PROJECT STATUS 

The Wilcox PV facility was completed in November 1981 and dedicated in January 1982. 
Acurex held training sessions for personnel from the hospital, Kauai Electric, and HNEl 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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I I Wilcox hospital personnel stem and Kauai Electric personnef as techni- 

ing and browning of the polyvinyl buteral bonding 
material and cracking of the photovoltaic cells. Acurex and HNEl determined that inadequate PVB 

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 HNEl had done indicate that moisture 
i s  the likely source of nutrients for the organism. Acurex, with HNEl’s help, has reworked most of 
the damaged PV receivers; however, because of the extent of damage from the fungal growth and 

bad weather have hampered system 
rations, the hospital is now using what electricity and hot water the photovoltaic system pro- 

duces. Data are also being collected to monitor system performance: meteorological information, 
temperature data a t  various points in the system, and measurementsof currents and voltages of the . 
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I bonding and curing cycles during fabrication probably explain the bubbling. Browning and cracking 
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he limited supply of P and several remain to be repaired or replaced. 
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ESCRIPTION AND OBJECTIVES 



. 
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. AS1 16-2300 
solar modules have been used a t  al l  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. 

HNEl's role during design and installation included critically reviewing designs, acquiring 
building permits, completing agreements with residents and utilities, and planning data monitoring 
systems. Tasks for FY 1981-82 include 

e Installing monitoring equipment; 

8 Conducting safety inspections; 
a Operating the three systems; and 

Q Collecting data for system evaluation and reports. 

RESEARCH PROGRESS AND PROJECT STATUS 

HNEl'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 important part of this project since early in the project when 
building department off icials, 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 struktural 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' operation and maintenance 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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malfunctions have occurred and been corrected. The inverter a t  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 a t  the terminals with 
resulting changes of resistance, was also noted and corrected a t  this site. Night switch malfunctions 
at al l  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 operating performance. 

USE OF SOLAR ENERGY FOR INTENSIVE AQUACULTURE SYSTEMS IN HAWAII 

P R IN C I PA L I NV EST1 GAT0 R : Kakkala Gopalakrishnan, Ph.D. 
Honolulu Community College, Department of 
Oceanography 

PROJECT PERIOD AND 
FUNDING SOURCE: 

This  seven-month project is being supported by HNEl with 
state R & D funds. 
Total funding 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 
waterquality 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, Macrobrachiurn msenbergii, and 
tilapia. 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 4OF 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 stimula- 
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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ith photovoltaic panels. 

f temperature elevations, heat 
storage capacity, heat output (Btu) to the culture tank, and effectiveness-of the DC pump in recir- 
culation. After completion of these tests, experiments will be conducted to analyze the effective- 
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1 sunlight before it strikes the cell. But concentrating sunlight 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 su e to carry the electron currents the cell produces, but these metal I 
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Photo by Mark Lancaster 

A scanning electron microscope magnifies (210 times) the right corner of 
a novel solar cell to reveal its V-grooved structure. Metal contacts will be 
applied as shown in the schematic below. 

FRONT METAL 
SUNLIGHT 

SILICON 

NOVEL SOLAR CELL SURFACE 

67 

. 



i 
- 

1 

I 

ere incorporated into a theoretical exam- 
o the specific structure. The cell, 
f many parallel ridges. Metal con- 

coming sunlight is deflected onto 
is increased to decrease resistance, 
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front surface of the silicon 
I wafer to produce a very clearly defined V-grooved structure. Before the front surface of the wafer 

e layer about 1 micron in thickness must be grownon I 
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sired. The desired parallel line pattern i s  transferred to 
ltraviolet light. Once exposed, the photoresist is devel- 
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front side ridges by a second photoresist process. A primer and photoresist are applied to the new 
grooved &ll surface. A tight .source etcheithe area of each peak not shadowed by the preceding 

/ peak. Aluminum is then evaporated over the entire front surface of the wafer, and, finally, photo- 
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aracteristics of the 

ross the ell and then the 



Gail Yonamine, above, is one of more than fifiy 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 left 
of the license plate. 

i 
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dant, some are dispersed and intermit- 
. This diversity results in several techno- 
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CORROSION PROTECTION FOR ALTERNATE ENERGY SYSTEMS 

P R I N C I PA L INVEST I GAT0 R : Jorn Larsen-Basse, Ph.D. 
UHM Department of Mechanical Engineeri 

PROJECT STAFF: Raymond Lam, B.S. 
Rais Azhar, M.S. 
Steven Smuck 

UHM Department of Mechanical Engineering 

PROJECT PERIOD AND 
FUNDING SOURCE: 

Funds from HNEl's U.S. DOE institutional grant are support- 
ing this project during FY 1981-82 and FY 1982-83. Atmos- 
pheric corrosion studies continue work initially funded by 
Argonne National Laboratory in 1979. 
Total funding 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 a t  Ke-ahole Point, inland and coastal areas representative of many 
solar and wind 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 PROJECTSTATUS 

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 i t s  corrosiveness depends considerably on which 
hydrogen sulfide abatement method is used upstream. Only titanium; highly alloyed stainless steels 
such as AL-GX, 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 i s  less corrosive, and i ts attack on metals is partly related to the 
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formation of strongly adherent silica scales. Stainless steel 304, a common stainless alloy, 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 cracking or hydrogen embrittlement has been found so far. 
These results have been used to select other materials for testing during FY 1982-83. 

Atmospheric corrosion tests have been performed during this period with galvanized, 
aluminized, and painted steel and aluminum specimens supplied by Argonne National Laboratory. 
Specimens were exposed for periods of up to one year a t  two sites: the roof of Holmes Hall and the 
Natural Energy Laboratory a t  Ke-ahole. Preliminary results indicate that aluminum coating corrodes 
much more slowly than the galvanized coat but doesn't protect the underlying steel at cuts and 

parison of results from the two sites will be made when testing a t  Ke-ahole is  complete. 

L 

t 

1 scratches. Zinc corrosion follows a parabolic relation with time, indicating diffusion control. Com- 

i 

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

weight loss, and these results were compared with weight loss of pure zinc coupons. Very close 

order to determine the atmospheric corrosiveness of a site. Considerable effort, too, has gone into 

I 
i 
f niques for measuring atmospheric corrosion. The current flow between copper and zinc plates in 

small atmospheric corrosion monitors (ACM's) was recorded, integrated, and converted to zinc 

correlations indicate that lengthy weight toss testing can be replaced with short-term ACM tests in 

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 a t  Ke-ahole than at  Holmes Hall. A similar ratio exists between the zinc corrosion rates a t  the 
two sites. Thus, this inexpensive wet candle method can be used to determine the relative corro- 
sivity of different geographic locations. 
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HYDROGEN STORAGE IN TRANSITION METAL HYDRIDES: AN ASSESSMENT OF THE 
THERMODYNAMICS AND KINETICS USING ELECTROCHEMICAL 

PR I N CI PA L I N VEST1 GAT0 R : Bruce E. Liebert, Ph.D. 
UHM Department of Mechanical Engineering 

I 

I 
~ 

PROJECT STAFF: Glenn A. Engle, B.S. 
UHM Department of Mechanical Engineering 

I 
PROJECT PERIOD AND HNEl's U.S. DOE institutional grant supported this project in i 

FUNDING SOURCE: FY 1981-82 and will continue to do so during FY 1982-83. 
Total funds for FY 1981-82: $25,464. 

PROJECT DESCRIPTION AND OBJECTIVES 

Discovery of inexpensive hydrides capable of storing hydrogen near bient 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 8 number of transi- 
tion metal oxides with structures capable of accommodating large amounts of hydrogen without 
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UHM/HNEI ELECTRIC VEHICLE DEMONSTRATION PROJECT 

P R IN C I PA L I NV EST1 GAT0 R : H. H. Hwang, Ph.D. 
UHM Department of Electrical Engineering 

PROJECT STAFF: D. Richard Neill, B.S., M.Div. 

Harry Curry 

James Otsuka, B.S. 

Hawaii Natural Energy Institute 

UHM Transportation Services 

UHM Department of Electrical Engineering 

PROJECT PERIOD AND 
FUNDING SOURCES: 

This four-year project has been funded by U.S. DOE with 
cost sharing from HNEI since FY 1979-80. 
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 convemd Dodge passenger vans and are part of a fleet oper- 
ated and maintained by UHM Transportation 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 realistic operating 
conditions. Tasks for FY 1981 -82 include 

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

o Improving battery box ventilation to minimize the possibility of explosions from 
accumulated hydrogen gas; 

Q Training additional drivers in order to keep the EV fleet in use and data collection 
co nt i nu ing ; 

e Expanding the public awareness program by providing information on the advan- 
tages, limitations, safety precautions, operational requirements, and other EV 
data; 

o Assisting with a legialative resolution 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 a t  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 a t  a minimal cost as a temporary solution until 



Fi 
UHM/HNEl'S electric vehicle flee 

ries sends a technician t em 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 AIco batteries which are available locally. A third problem, melting of battery terminal 
posts in several vehicles, apparently occurred because the batteries are not designed for the heavy 
duty use required by . To minimize this problem, batteries are now being regularly scheduled 
for inspection and ma ance. As of July 1, 1982, en vehicles are operable with four requiring 

osions occurred duri FY 1980-81 in the UHM/HNEI and the Hawaiian 
Telephone-EV fleets, strict precautions have been taken to ventilate battery packs during charging. 

the problem of deteri ventilation fan blades. Alter- 

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 ~ 

ly maintenance data. 

- 

- public awareness .programs, and_collect data: utility rate ch 

inform and educate 
nts, and the general pub 
use; the Hawaii State Capitol, and a number of public schools 

to various groups which included representatives of 1 BM, 
Boeing &., and Westinghouse; andpapers on the EV project were presented a t  several mainland 
conferences. In addition. on Ami1 8, 1982. the Hawaii State Senate held a hearing regarding Resolu; . 

I tion No. 72 which reauests the adontion of electric cars for state and county vehicles. This resolu- 
-7 - -  

y State Senator Charles M. Campbeil, was passed on April 21,1982. ~ 
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A FREON %OILER FOR ALTERNATE ENERGY POWER CYCLES 

P R IN C I PA L I N V EST1 GAT0 R : Hi Chang Chai, Ph.D. 
UHM Department of Mechanical Engineering 

PROJECT STAFF: Deane Kihara, Ph.D. 
Daniel Keenan, 6.S. 

UHM Department of Mechanical Engin 

PROJECT PERIOD AND 
FUNDING SOURCE: 

HNEl is supporting this project during FY 1981-82 and FY 
1982-83 from i ts  institutional grant from U.S. DOE. 
Total funds for FY 1981-82: $13,100. 

PROJECT DESCRIPTION AND OBJ 

Relatively low temperature renewable energy resources can be used to generate electricity in 
Rankine cycles with low boiling point 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 theselected working fluid. Thus, the objectives of this study are to 
collect data needed to formulate the design equation of heat transfer for a Freon-1 1 boiler; to deter- 
mine the effect of heat flux, mass velocity, and wall superheat on the average flow boiling heat 
transfer coefficient of Freon-1 1 ; and to formulate a correlation equation with the data obtained in 
this experimental investigation. First year's work on this project includes 

o Calibrating and repairing a heat transfer loop and related equipment in the UHM 

o Modifying the piping system, test section, and heating system to obtain more accu- 

o Conducting preliminary tests of the loop. 

Mechanical Engineering lab; 

rate data; and 

This heat transfer loop is being 
used to determine the boiling 
heat transfer coefficient of 
Freon- 1 1. 
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-recent articles on 
und. The boiling heat trans- 

m were ordered as 
boiling heat transfer in refrige 

epower Freon pump, test 
section, constant voltage transformer which supplies electric power to the test section, condenser, 
water chille? which supplies cold water tothe condenser, and liquid receiver. Modifications made on 
the existing heat transfer loop include upgrading the data collection and processing system; install- 
ing a largercondenser and a 30 gallon water tank between the water chiller and the condenserto 
obtain uniform coolant temperature for the condenser; and modifying the test section in such a way . 
that boiling phenomena can be observed and photographed.-The loop has also been designed so that 



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 

Q Searching al l  literature related to previous transportation studies for Hawaii; 

Q Collecting and compiling al l  relevant data; 

Q Refining the demand model; 

Q Running demand scenarios and documenting the model. 

RESEARCH PROGRESS AND PROJECT STATUS 

While previous studies related to this subject have been completed at the regional 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 incorporated into the demand model 
after necessary refinements are completed. 

MOLOKAI COMMUNITY ENERGY MANAGEMENT PROGRAM 

PRINCIPAL INVESTIGATOR Paul C. Yuen, Ph.D. 
FOR HNEI SUBCONTRACT: UHM College of Engineering 

PROJECT STAFF: Arthur Seki, M.S. 
D. Richard Neill, B.S., M.Div. 

Hawaii Natural Energy Institute 

PROJECT PERIOD AND 
FUNDING SOURCE: 

In March 1981, the National Center for Appropriate Techno- 
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 implementation plan for energy conservation and 
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ergy resource devel fects the people of Molokai. The pro- 
cument present and future energy demands, energy conservation and alternate energy 

program costs, socioeconomic impacts, environmental and legal constraints and benefits, public 
rice of an energy education program. 

figures for conventions 
energy sources; 

sisting with the preparation of renewable energy resource development programs 
for Molokai and with their presentation for funding; 

ergy programs a t  public meetings, workshops, and training sessions 

his program has beenunderway, data have been colle 
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, engineering firms in- 
volved in renewable energy development. After data compilation, several energy use scenarios were 
run for growth rates between 2 to 5 percent, representing conservation, moderate growth, and 
stimulated growth. - 

rY renewable energy re~ource is biomass-hay, grass, 
trees, pineapple-and that wind power and hydropower are possible secondary sources. The model 
also projects that, while liquid fuels for transportation will probably need to be imported, electrical 
energy self-sufficiency is obtainable between 1983-84 and 1988-89, depending on the rate of energy 

will be important, not only to accomplish early electrical ESS but also to main- 
0, demand must be curbed or new renewable resources must be developed to 

avoid oil (or coal) imports for electrical power generation. 

- -  

Model resuits show that Molokai's 

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

HNEl and Pacific Resources, Inc., as part of a feasibility study to produce hydrocarbon fuels 
from Hawaiian biomass, sponsored this threeday workshop on eucalyptus tree farms for the Island 
of Hawaii. 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 a t  specific Big Island sites, Kapaau, Kukaiau, and Pua Akala. Results of this Hilo 
workshop are reported in Hydropyrolysis of Biomass to Produce Liquid Hydrocarbon Fuels: Report 
on Energy Tree Farm Workshop No. 1 (HNEI, 1982). 

WIND ENERGY ADVISORY SEMINAR, NOVEMBER 18,1981 

HNEl 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 HNEl 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 HNEI 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 education 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 a t  UHM, included evaluating R & D capabilities a t  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. 



g NELH wisely and efficiently. Bill 
rgonne National Laboratory, and 
interest in conducting or support- 

the UHM Scientific Advisory 
scussed resources at  NELH; 

rgy, industrial, and biological research 
the fifty-five participants divided into seven groups for 

s for project development 
, agriculture, cable testing, 

gar Company lands may be 
icates that eucalyptus tree farms on the lsland of Hawaii 

are promising. Pacific Resources, Inc. sponsored the threeday study effort as part of their U.S. 
DOE-funded project for production of hydrocarbon fuels from Hawaiian -biomass. Representatives 
from PRI, HNEI, Hawaii County, the University'of Hawaii a t  Manoa, and UH Hilo College evaluated 
eucalyptus species; Puna sites, soils, and environmental parameters; possible sociological impacts; 
seedling requirements: plantation specifications and design; harvesting methods; and project econo- 
mics. Results are reported in Hydropyrolysis of &omass-to Produce Liquid Hydrocarbon Fuels: - . 
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TECHNICAL REPORTS PRINTED BY HNEl 

Brewbaker, James L. 1981. Giant Leucaena (Koa Haole) Energy Tree Farm: An Economic 
Feasibility Analysis for the Island of Molokai, Hawaii (revised). Technical Report 
No. HNEI 81-04. Hawaii Natural Energy Institute, University of Hawaii a t  Manoa. 
December 1981. 

Dugan, Gordon L. 1981. Algal Mass Culture: Principles, Procedures, and Prospects. Technical 
Report No. HNEI 81-02. Hawaii Natural Energy Institute, University of Hawaii a t  
Manoa. April 1981. 

Holderness, James, ed. 1982. Hydropyrolysis of Biomass to Produce Liquid Hydrocarbon 
Fuels: Report on Energy Tree Farm Workshop No. 1. Technical Report No. HNEl 
82-01. Hawaii Natural Energy Institute, University of Hawaii a t  Manoa. June 1982. 

Neill, D. Richard. 1981. Guidebook on Wind Energy Conversion Applications in Hawaii. 
Technical Report No. HNEl 81-01. Hawaii Natural Energy Institute, University of 
Hawaii a t  Manoa. February 1981. 

. 1982. Progress Report on Hawaii's Wind Energy Research and Develop 
ment Program. Hawaii Natural Energy Institute, University of Hawaii a t  Manoa. June 
1982. 

Noda, E. K., et at. 1981. Environmental Surveys During Operation and Following Removal 
of the OTEC-1 System off Keahole Point, Hawaii, January - April 1981. Hawaii Natu- 
ral Energy institute, University of Hawaii a t  Manoa. September 1981. 

. 1981. OTEC Environmental Benchmark Survey Kahe Point, Oahu. Final 
Report. Hawaii Natural Energy Institute, University of Hawaii a t  Manoa. September 
1981. 

Seki, Arthur. 1982. Biomass Resource Potential for Selected Crops in Hawaii. Technical 
Report No. HNEI 82-02. Hawaii Natural Energy Institute, University of Hawaii a t  
Manoa. June 1982. 

Troy, M. and N. Brown, eds. 1982. Progress Report on Renewable Energy in Hawaii. Hawaii 
Natural Energy institute, University of Hawaii a t  Manoa. April 1982. 

83 



I 

I 
1 

c - 
Yuen, Paul C. 1981. Ocean The Energy Conversion: A view. Technical Report No- 

niversity of Hawaii at Manoa. October 
! 

1 
TTERS AND FACT SHEETS I 

I 
i 

1 i ble Energy in Hawaii 

nd Energy Technical Bulletin 
I 

i 

I 

i 
1 
! 

I 

I 

I 

I 

I 
i Kinetics of Sewage Sludge Pyrolysis j 
I 

C.I. Ddenga, and M. Jones. 1982. "Yields and Composition of Sirups Resulting 
t Energy - 8 8  JO~rnd of From the Flash Pyrolysis of Cellulosic Mate I 

Polymer Science. (In 
9 

1 

1 

latile Matter." I&EC Product Research and Development. 

f the Gas Phase Pyrolysisof Glycerol." 

of Pressure on Biomass Pyrolysis." Proceedings of 
Conversion Contractor's Meeting. Washington, D.C. 

ignatures of Complex Solid Phase Pyrolysis Mecha- 
Proceedings of the 7th K X A .  New York. 

1 

Pyrolysis. (In press.) 

1 

I 

he Literature - Part 1: 

nal and Axisymmetric Bodies of Arbi- 
trary Shape in a Porous Medium." International Journal of Heat and Mass Transfer, 

i Vol. 25. August 1982. 
~ 

I 

1 
I 84 
I 
! 



.. 
Cheng, Ping. 1982. "Film Boiling on the Outer Surface of a Heated Vertical Cylinder Embed- 

ded in a Subcooled Permeable Medium." Paper presented a t  the 1982 International 
Heat Transfer Conference, Munich, Germany, August 54,1982. 

Cox, M.E. and K.E. Cuff. 1981. "Radon Monitoring on Kilauea Summit." Abstract submitted 
to the 1981 LAVCEI Symposium. Tokyo, Japan. August 28 - September 9,1981. 

, K.E. Cuff, B.R. Lienert, J.M. Sinton, and D.M. Thomas. 1982. A Preliminary 
Geothermal Evaluation of the Makapu Peninsula on the Island of Oahu, Hawaii. Tech- 
nical Report No. 82-2. Hawaii Institute of Geophysics, University of Hawaii a t  Manoa. 

Curtis, George D. 1982. "The Photovoltaic Process." Presentation at the American Water 
Works Annual Conference. Makaha, Hawaii. May 1982. 

and D.R. Neill. 1982. "Photovoltaic Power for Lived-in Residences in 
Hawaii." Presented a t  the International Solar Energy Society Conference. Houston, 
Texas. June 1982. 

Hopkins, M.W., C.I. DeJenga, and M.J. Antal. 1982. "Flash Pyrolysis of Biomass in a Spouted 
Bed Reactor Using Concentrated Visible Radiant Energy." Presented a t  the Interna- 
tional Solar Energy Society Conference. Houston, Texas. June 1982. (Submitted to 
Progress in Solar Energy. 1 

, C.I. DeJenga, and M.J. Antal, 1982. "The Flash Pyrolysis of Cellulosic Mate- 
rials Using Concentrated Visible Light." Presented a t  the Pan-Pacif ic Synfuels Confer- 
ence. Tokyo, Japan. May 1982. 

, M.J. Antal, and C.I. DeJenga. 1982. "The Flash Pyrolysisof Cellulosic Mate- 
rials Using Simulated Solar Radiation." (Submitted to Journal of Solar Energy.) 

, MJ. Antal, and J.G. Kay. 1982. "Radiant Flash Pyrolysis of Biomass Using a 
Xenon Flashtube." (Submitted to Journal of Applied Polymer Science.) 

Kamaka, P., S.M. Siegel, J. Bromley, and T. Crocker. 1982. "Impact of Geothermal Fluids 
on Carica Papaya." Presented at  the 10th Annual Minorities Biomedical Research Sym- 
posium. Albuquerque, New Mexico. April 3-6,1982, . 

Katahara, K.W., C.S. Rai, M.H. Manghnani, and J. Balogh. 1981. "An Interferometric Tech- 
nique for Measuring Velocity and Attenuation in Molten Rocks." Journal of Geo- 
physical Research, Vol. 86, No. 812. 

Kauahikaua, J. 1981. Interpretation of lime-Domain Electromagnetic Soundings in the 
East-Rift Geothetmal Area of Kilauea Volcano, Hawaii. Report No. 81-979 submitted 
to U.S. Geological Survey. 

and M. Mattice. 1981. Geophysical Reconnaissance of Prospective Geother- 
mal Areas on the Island of Hawaii Using Electrical Methods. Technical Report No. 
HIG-81-4. Hawaii Institute of Geophysics, University of Hawaii a t  Manoa. 





Siegel, S., P. Kamaka, B. Siegel, T. Crocker, and W. Kottenmier. 1982. "The Hawaii Geother- 
mal Project: Phytotoxicity of Geothermal Separator Brine, and Exploratory Study." 
Water, Air, and Soil Pollution. (In press). 

Terry K.L., J. Hirata, and E.A. Laws. "Light-limited Growth of Two Strains of the Marine 
Diatom Phaeodactylum tricornutum Bohlin: Chemical Composition, Carbon Partition- 
ing and the Diel Periodicity of Physiological Processes." (Submitted to Journal of 
Experimental Marine Biology and Ecology. 1 

Thomas, D.M. 1982. "Sampling and Analytical Methods Development a t  the HGP-A Genera- 
tor Facility." contribution No. 1269. Hawaii Institute of Geophysics, University of 
Hawaii a t  Manoa. GRC Transactions. 

. 1982. "Process Chemistry Monitoring a t  the HGP-A Power Plant: Analytical 
Results, Process Problems and Modifications." Contribution No. 1268. Hawaii Institute 
of Geophysics, University of Hawaii a t  Manoa. GRC Transactions. 

. 1982. "A Geochemical Case History of the HGP-A Well 1976-1982." Contri- 
bution No. 1293. Hawaii Institute of Geophysics, University of Hawaii at  Manoa. 

, B.R. Lienert, M.E. Cox, J.P. Kauahikaua, and M.D. Mattice. 1982. "Hawaii 
Geothermal Resource Assessment: 1982." Contribution No. 1267. Hawaii Institute of 
Geophysics, University of Hawaii a t  Manoa. GRC Transactions. 

Yang, P.Y., S.Y. Nagano, J.K. Lin, and Y.T. Wong. 1981. "Integrated Swine Waste Manage- 
ment System - A Preliminary Study." Proceedings of the 36th Industrial Waste Confer- 
ence. Published by Ann Arbor Science. 

, S.Y. Nagano, J.K. Lin, and Y.T. Wong. 1981. "Improved Anaerobic Digestion by 
Application of Constant Concentration of Digested Sludge Recycling." Proceedings of 
the 3rd international Conference on Energy Use Management. Pergamon Press. 

87 



CORE STA 

John W. Shupe, Ph.D., Director 
D. Richard Neill, B.S., M.Div., Program Manager 
Lois Sato, B.A., Administrative Assistan 
Arthur Seki, M.S., Associate Researcher 
Nancy-Ellen Brown, M.A., Technical WritedEditor 
Gail Yonamine, B.B.A., Account Clerk 
Sandra Yonemura, Secretary 
Ellen Kubota, Clerk Typist 
Colleen Uyechi; B.S., Project Secretary 

.A., Research Assistant 

Holst, A.A., Wind Technician 

Andrew Cutler, B.S. 
Mark Hopkins, M.S. 
William Mok, B.A. 

STUDENT ASSISTANTS 

larke Bright 
Karen Nakasone 




	ahuku,Oahu
	Systems on Lived-in Units in Hawaii
	lar Energy for lnte

	Development of a Novel Concentra
	Corrosion Protection fo
	the Thermodynamics and Kinetics Using Electrochemical Techniques

	Molokai Communit
	DISCLAIMERS.pdf
	SUMMARY
	LISTOFTABLES
	LISTOFFIGURES
	GLOSSARY
	FACILITY DESCRIPTION
	VITRIFICATION CELL
	EQUIPMENT
	UTILITIES MATERIALS AND WASTES

	SITING
	OP ERAT IONS
	MA I N TEN AN C E
	REFERENCES
	High-Level Liquid Waste Vitrification Flowsheet
	Canister Operating Time Cycle

	Zone Classifications
	Liquid Waste
	Personnel Exposure Categories
	NWVF Areas and Associated Functions
	Process Equipment
	Legend for Figures 5 Through
	Essential Material Requirements
	Nuclear Waste Vitrification Faciltiy Waste Generation
	Allocated Facility Staffing Requirements
	Source of High-Level Waste in the Fuel Cycle
	High-Level Liquid Waste Vitrification Flow Diagram
	High-Level ‚daste Vitrification Cell Plan View
	High-Level Waste Vitrification Cell Elevation View
	Calciner Feed Tank
	Calciner
	Melter
	Frit Feeder
	Calciner Condensate Tank
	Decontamination Solution Tank
	Canister Storage Rack
	Cell AirFilters

	Welding and Inspection Stations
	Calciner Condenser


	Calciner Scrubber-Separator
	Off-Gas Demister
	I and Ru Sorber Feed Heaters
	Calciner Feed Tank
	Cal ci ner
	Me1 ter
	Frit Feeder
	Calciner Condensate Tank
	Decontamination Solution Tank
	Canister Storage Rack
	Cell Air Filters
	lrlelding and Inspection Stations
	Calciner Condenser
	Cal ciner Scrubber-Separator
	Off-Gas Demister
	I and Ru Sorber Feed Heaters
	Ruthenium Sorber
	Pre- and HEPA Off-Gas Filters
	Iodine Sorber
	NOx Destructor
	Off -Gas Cool er
	Process Operators
	Radiation Monitors
	Supervisors
	Others
	(P1 ant Forces
	Craft Workers
	P1 anners and Supervisors
	Others
	Process Engineers
	Faci 1 i ty Engineers
	Safety
	Technicians
	Others (Including Analytical )
	Others
	Totals: Nonexempt
	Exempt
	Supervisors









