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information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference 
herein to any specific commercial product, process, or service by 
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I. Introduction

Hawaii is presently dependent for over 90% of its energy needs on imported 
petroleum products. Because of Hawaii's geological structure we do not 
believe that it could have indigenous fossil fuel resources. Also, our 
geographical location, approximately 2,400 miles from the continental United 
States, makes the State of Hawaii very vulnerable to shortages of strategic 
materials such as petroleum during national emergencies or embargoes.

In order to alleviate our very high dependence on imported oil, Hawaii has 
embarked on a program to develop alternate sources of energy such as geother­
mal, ocean thermal, solar, wind and biomass. All of these alternate energy 
sources are for the production of electric power.

However, approximately 60% of our energy consumption is for liquid transporta­
tion fuels, including over 30% for aviation fuel.

Recognizing this lack of effort to find alternate sources of liquid hydro­
carbon fuels. Pacific Resources, Inc. (PRl) solicited and received a grant 
from the Department of Energy to conduct a study to determine the feasibility 
of commercial production of hydrocarbon fuels from biomass feedstocks avail­
able in Hawaii. The PRl study team includes the Institute of Gas Technology 
(IGT) as the principal subcontractor responsible for the development and 
design of the biomass to oil conversion process and the Hawaii Natural Energy 
Institute (HNEl), for the technical and economic evaluation of growing and 
harvesting a suitable biomass crop. (See Appendix 1 "Report on Energy Tree 
Farm Workshop No. 1" by PRl and HNEI and Appendix 11, "Final Report, Hydro­
pyrolysis of Biomass to Produce Liquid Hydrocarbon Fuels" by IGT)

11. Objective and Scope of Study

The objective of the study is to provide a process design and cost estimates 
for a biomass hydropyrolysis plant and to establish its economic viability for 
commercial applications. A plant site, size, product slate, and the most 
probable feedstock or combination of feedstocks were determined.

A base case design was made by adapting IGT's HYFLEX process to Hawaiian 
biomass feedstocks. The HYFLEX process was developed by IGT to produce liquid 
and/or gaseous fuels from carbonaceous materials. The essence of the process 
is the simultaneous extraction of valuable oil and gaseous products from 
cellulosic biomass feedstocks without forming a heavy hard-to-handle tar. By 
controlling reaction time and temperature, the product slate can be varied 
according to feedstock and market demand. An optimum design and a final 
assessment of the applicability of the HYFLEX process to the conversion of 
Hawaiian biomass was made.

In order to determine what feedstocks could be available in Hawaii to meet the 
demands of the proposed hydropyrolysis plant, various biomass sources were 
studied. These included sugarcane and pineapple wastes, indigenous and 
cultivated trees and indigenous and cultivated shrubs and grasses.



Ill. Biomass Feedstock

a. Crop Selection

Various candidate feedstocks were evaluated, including sugarcane 
bagasse, sugarcane trash, whole sugarcane, pineapple field waste, guinea 
grass, and eucalyptus, leucaena (Koa Haole), ohia and albizia woods. Charac­
terization of these feedstock candidates by chemical analysis and Fischer 
assays showed no major differences in quality, except for a high ash content
of sugarcane trash. (See Appendix 11, Section V)

Selection of the feedstock, therefore, was based on availability and
environmental requirements such as rainfall, altitude, topography, climate and
soil type. Selection of suitable sites for cultivation of the biomass was 
based not only on the environmental criteria but the availability of land and 
its ownership. (See Appendix 1, Section 2)

Sugarcane bagasse and pineapple field wastes were eliminated because 
bagasse is consumed as a fuel by the plantations and pineapple waste is not 
available in sufficient quantities. Cane trash was also eliminated because 
most of it is burned in the fields prior to harvesting and whatever is avail­
able is difficult to gather and transport to a central location.

Grasses were eliminated because the required climate, soil, and topo­
graphical requirements are similar to those for sugarcane and pineapple; our
major agricultural crops could not be displaced with grass.

Trees, therefore, were selected. Leucaena, albizia and various species 
of eucalyptus were evaluated based on each species' growing criteria versus 
the climate, soil, and topographical characteristics of the land available for 
such cultivation. (See Appendix 1, Section 1, especially Table 1-1; Environ­
mental and Growth Requirements of Leucaena and Eucalyptus for Biomass Produc­
tion)

Because of the differing characteristics of the several tree plantation 
sites, four different species of trees were selected as most suitable for 
cultivation and they are; Leucaena (Koa Haole), Eucalyptus Grandis, Eucalyptus 
Saligna, and Eucalyptus Globulus.

b . Tree Farm and Plant Site

In order to support the 1,000 ton per day biomass to oil processing
plant, approximately 50,000 acres must be dedicated to the tree plantation. 
This land requirement is based on an average yield of 10 BDT (Bone Dry Ton) 
per acre per year on a 5-6 year crop rotation cycle. In addition to the 1,000 
BDT per day feedstock to the plant another 46A BDT per day is required for
steam generation, power, and process heat.

The Islands of Hawaii (Big Island), Kauai, Maui and Molokai were closely 
examined as possible tree farm sites. Four separate maps for each island 
showing rainfall, elevation, soil type and land ownership were overlaid on 
each other and the most suitable crops and sites were determined. The acreage 
criteria was then imposed and those islands too small for the tree plantation 
were eliminated.



Only the Big Island met all environmental and acreage requirements for a 
tree farm based on the cultivation criteria set forth in Table 1-1 on page 6 
of Appendix I. Since there are no available sites with 50,000 contiguous 
acres of suitable land, the proposed tree plantation will be located on three 
non-contiguous parcels in relatively close proximity to each other.

In order to minimize transportation cost we have tentatively selected 
the outskirts of Waimea Town as a possible plant site. Waimea is centrally 
located between the three plantation sites, namely, Kapaau (Kohala), Kukaiau 
(Honokoa) and Puaakala.

IV. Process and Plant Design, Product Quality, and Economics

a. Process Design

The specific process to be utilized in the proposed project is Hydro- 
pyrolysis of biomass to produce liquid hydrocarbon fuels. This type of 
conversion is conducted in a high partial pressure of hydrogen and has a Short 
Residence Time (SRT)^f only a few seconds. The essence of this SRT hydro­
pyrolysis, or HYFLEX process as IGT call it, is the simultaneous 
extraction of valuable oil and gas products from solid carbonaceous feedstock 
such as biomass without forming a heavy, hard-to-handle tar. By controlling 
reaction time and reaction severity (temperature) the product slate can be 
varied according to needs and market.

Initial processing of feed consists of drying and size reduction using 
conventional equipment. Since woodchip feed material contains about 50 
percent moisture, it is dried in a rotary drum drier to a moisture content of 
35 percent or less. It is then reduced in size by grinding machinery to less 
than 1/16 inch particles (20 mesh). The feed then enters a lockhopper feeder. 
Since this section of the process operates at a moderately high pressure 
(200-A00 psi) multiple lock hoppers are used. Combination dryer and surge 
vessel is employed so that feed to the process is continuous. (See Appendix 
II, Fig. 1, Block Flow Diagram of Hyflex Plant, pg. III-2 and Fig. 2, Process 
Flow Diagram, pg 111-3).

In the dryer-surge vessel, feed is contacted in a fluid bed by products 
in gaseous and vapor form. The feed is thus preheated and the products 
cooled. Feed solids then pass through a standpipe and are admitted through a 
slide valve into the bottom of the riser reactor where they are entrained 
upward by a hydrogen-rich gas system. Conversion in the riser reactor takes 
place in a few seconds and the reaction is immediately quenched in the dis­
engaging and quench vessel to assure that no polymerization products are 
formed by "soaking" at high temperature. Unreacted feed (char) passes through 
a slide valve from the disengaging and quench vessel into the steam-oxygen 
gasifier where it is gasified to produce the net hydrogen necessary for 
conversion. Conversion products are cooled and separated into liquid and 
gaseous products. Liquid products are fractionated to desirable products. 
Gaseous products are burned as fuel in the process.

Utilities required for the process consist of fuel for firing the 
recycle hydrogen heater and for steam generation, electricity for powering 
moving equipment, water for cooling, and water for supplying the chemical 
hydrogen required to upgrade the carbonaceous fuel. Generally about 0.5-1.0



pounds of water are required per pound of plant fuel. Fuel can be gas 
produced in the process, coke from initial hydropyrolysis, wood chips, or 
whatever else might be available to give the lowest cost of production. 
Electricity will be generated and any excess will be sold to the utility 
system.

A base case design for a 1,000 BDT per day HYFLEX processing plant was 
completed. Further investigation, however, indicated that instead of deliver­
ing logs to be chipped at the plant as in the base case design, it would be 
more desirable to do whole tree chipping (about 2' x 3/4" size) in the field. 
(See Appendix II, page IV-1)

Such a change in process procedure will reduce capital requirements by 
$9,380 million from $47,549 to $38,169 million. It will reduce plant oper­
ating cost by $2,177 million from $16,685 to $14,508 million. This reduc­
tion, however, is not a cost savings but merely a reallocation of costs to the 
field harvesting operations.

In addition to the foregoing capital and operating cost reductions, 
power demand will be reduced by 3,730 KW, from 8,000 KW to 4,279 KW, with an 
attendant reduction in wood requirement of 214 tons, from 1,678 to 1,464 BDT 
per day.

An important consideration in our decision to chip in the field was 
transportation of the trees to the processing plant. Large trees must be 
trimmed so that only logs of suitable size would be transported and a lot of 
the smaller branches would probably be left in the field. On the other hand, 
whole tree chipping, which we witnessed in several areas in Michigan, Virginia 
and North Carolina, recovers all parts of the tree including leaves and bark. 
The chips are more bulky than logs, but can be loaded, transported and 
unloaded very easily into large vans. Field chipping,therefore, results in 
better recovery, and in easier transportation and handling of the biomass.

b . Product Quantity and Quality

Our primary objective is to produce the largest yield of liquid hydro­
carbon fuels. According to Appendix II, page VI-1, and Figures VI-1 and VI-2, 
the best yield and quality is obtained when the reaction temperature is about 
970“F in the presence of hydrogen and a pressure of 100 psig.

The quality of the organic liquid is questionable because it has a 
calorific value of only 10,493 BTU/lb. (See page VI-15) Chromatographic 
Analysis of the oil (see page E14 of Appendix E of the IGT Report) shows that 
about 56% of the oils are oxygen containing compounds. Of these compounds the 
phenols predominate.

The low calorific value and high oxygen content of the oil Indicates 
that it is not suitable as a petroleum distillate substitute. Petroleum 
distillates usually have a calorific value of 19,000 - 20,000 BTU/lb. with 
only a small amount of oxygen. Therefore, an additional upgrading process 
must be undertaken in order to make the HYFLEX distillate suitable for further 
refining.



c. Process Economics

(1) Feedstock Cost - Approximately 50% of the product cost can be 
attributed to feed cost if we assume wood cost to be about $55 per dry ton. 
Please note that the higher the feedstock cost the greater its portion of the 
product cost, because the capital and other operating costs are relatively 
fixed. (See Appendix I, Section 8, Financial Results and Appendix II, page 
VII-3, Table VII-1, Capital and Operating Costs)

The average after-tax cash cost of $29.47 per dry ton of chips
(Appendix I, Section 8, page 79) is approximately 50% of the before tax cost.
This is the price which must be paid if the tree farm is an independently
operated business which sells chips to the processing plant. Therefore, the 
actual feedstock cost is $57.78 per dry ton as described in a letter dated
August 10, 1982 from John S. Denges to Dr. Ping Sun Leung. (see Denyes'
letter attached to Section 8 of Appendix I)

(2) Product Cost - Based on the $57.78 per dry ton of chips, 
product cost will be $9.17 per million BTU's (see Appendix II, Table VII-1, 
Capital and Operating Costs, page VII-3 and Figure VII-1, Combined Cost of 
Organic Liquid and Char, page VII-4) or $55.02 per barrel of oil equivalent (6 
million BTU's per barrel).

V. Conelusion

Biomass to oil conversion by the HYFLEX process is not commercially
feasible with feedstock from a tree farm in Hawaii. The $55.02 per barrel oil
equivalent price is much to high compared to crude oil which is currently
available for as low as $28 per barrel.

Because of the high cost of harvesting, which is estimated at about 
$22.40 per dry ton (see Appendix I, Tables 7-1 and 8-6), it is highly improb­
able that the product cost can be reduced to about $32 per barrel to be
competitive with petroleum products even with the most efficient tree farm
operation. Feedstock cost must be less than $24.60 per dry ton in order to 
produce a cost competitive product.



C ^ C U ^ B  PRl Tower 733 Bishop Street
Wr B h  B Pacific Resources, Inc. p. O. Box 3379 Honolulu, Hawaii 96B42

Telephone 808 547-3111 Telex 0634238

August 26, 1982

TO: Receipients of Report on Energy Tree Farm Workshop No 1.

SUBJECT: Addendum to Report

Attached is a letter dated August 10, 1982 from John S. Denyes, 

one of the authors of Section 8 of the Report, to Mr. Ping Sun Leung 

concerning that section. The letter clarifies some confusion about 

the meaning of the cost figures presented in Section 8. The letter 

is self-explanatory, therefore I will not comment any further.

Sincerely,

2 r t  ( F u ^ t a  
Project Manager



ALEXANDER 81 BALDWIN, INC.

August 10, 1982

Mr. Ping Sun Leung 
Bilger H a l l ,  #302 
University  of Hawai i
Dept, of  Agr icu l tu ra l  & Resource Economics 
Honolulu, HI 96822

Dear Mr. Leung:

There has apparently been some confusion about the meaning of some of the 
numbers discussed in Section 8 (F inancia l  Results) of the 1982 report  on 
Hydropyrolysis of Biomass to Produce Liquid Hydrocarbon Fuels.  In th is  l e t t e r  
I w i l l  t r y  to c l a r i f y  the s ign if icance  of  my ca lcu la t ions  so that readers of  
that  report can properly assess th a t  analysis and accurate ly compare i t  to 
other a l te rn a t iv e  energy sources.

The f i r s t  paragraph of Section 8 states th a t  growing, harvesting,  and chipping 
of eucalyptus and leucaena as a source of  biomass "can be done at  an average 
a f t e r - t a x  cash cost of $29.47 per ton".  The confusion apparently ar ises in 
the d e f in i t io n  of what is meant by " a f t e r - t a x  cash cost" .  Let me t r y  to  
i l l u s t r a t e  th is  with a simple example.

Consider a corporation with a 50% marginal tax r a t e .  Every increase in net 
income is taxed at 50%; conversely,  a decrease in net income due to higher  
costs has only a 50% impact on net p r o f i t  and cash f low .  An addit ional  d o l la r  
in costs only reduces income by f i f t y  cents; the other f i f t y  cents are o f fs e t  
by a reduction in income ta x .  In th is  case, i f  th is  corporation were to  buy a 
ton of  chips costing $60 from the suppl ier ,  the " a f t e r - t a x  cash cost" o f  that  
$60 ton of chips would be $30 (or $60 minus a 50% reduction in income tax es ) .

Thus, when the Hydropyrolysis report  discusses "an a f t e r - t a x  cash cost of 
$29.47" i t  must be rea l ize d  that th is  is not the equivalent  market cost of the
chips; instead,  i t  is the cost a f t e r  a l l  income tax e f fe c ts  have been
considered. The equivalent  before-tax  market pr ice  of  the chips would be some 
higher number.

The structure  of  the ente rpr ise  producing these chips is  assumed to be subject  
to a combination of  a 30% ca p i ta l  gains tax ra te  and an ordinary income tax 
ra te  of  approximately 49%. Further ,  much of the investment required fo r  the
project w i l l  give r is e  to investment tax c re d i ts ,  having an e f f e c t  on the
average tax ra te .  F i n a l l y ,  the average tax ra te  and the cash flows w i l l  vary
over time as the project  is establ ished and then comes into production at some
la te r  date.  Due to these complicating fac to rs ,  I did not convert the $29.47 
into a before-tax equivalent p r ic e .  I t  i s ,  however, e a s i ly  possible to
convert i t  into the equivalent p r ice  of fue l  o i l  f o r  a company with a 49% tax
rate :

7
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p. s. Leung 
August 10, 1982 
Page Two

$29.47/(100%-49%) = $57.78 per bone-dry ton; a t  two green 
tons per bone-dry ton th is  is  $57.78/2 = $28.89 per green 
ton. Since one green ton is  approximately equivalent to 
one barrel  of  o i l ,  th is  means that implementing th is  pro­
j e c t  to produce chips ( i f  used as a replacement f o r  fue l  
o i l )  is  equivalent to purchasing o i l  d i r e c t l y  a t  $28.89 per 
b a r r e l .

I  hope th is  has helped c l a r i f y  the matter;  i f  you have any fu r t h e r  questions,  
please do not hesi ta te  to  c a l l .

Sincerely,^

John S. Denyes
D ire c to r ,  Corporate Development

JSD/cbl 
1222C

cc: Robert F u j i ta
James Holderness 
Paul K. Yuen
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IN TR O D U C TIO N

Hawaii is presently 90 percent dependent upon im ported petroleum  fo r its energy needs. 

Such im port levels could be the Ach illes’ heel o f  the state’s commerce and industry, as was 

demonstrated during the o il crunches o f  the 70 ’s. linergy self-sufficiency, therefore is a state goal 

and one o f  the objectives o f  th is study.

Biomass, geothermal, ocean therm al, solar, and w ind energy are alternate sources to 

imported fin ite  fossil fuels. Since its inception 100 years ago, the sugar industry in Hawaii has 

u tilized biomass (bagasse) as an energy source, but more and larger scale use o f biomass is needed 

now. Tree crops, grass, row crops and even marine plantations o f  kelp are other e.xamples o f b io ­

mass production that are being carefully assessed fo r the ir economic feasib ility. A  form  o f b io­

mass, the carbonaceous residue o f farm and forest p roduction , is a renewable energy resource 

that, i f  large-scale plantations were demonstrated to  be econom ically feasible and i f  its avail­

a b ility  fo r continuous processing were made certain, could f i l l  an expanding portion  o f  the state’s 

needs.

Perhaps greater use o f  biomass energy is curren tly  being made in the state than is realized. 

On the Island o f  Hawaii, e lectrical generators powered by boilers fueled by bagasse supply about 

one th ird  o f  the consumer electrical demand. On Kauai, bagasse fuels only a s lightly smaller per­

centage o f electrical p roduction, (lu inea and Napier grasses fuel a power plant on M olok.ii. 

('h ipped wood substitutes fo r bagasse fo r power generation in a growing number o f  instances, and 

more wood chips would be used as bo ile r fuel i f  available. As a rule o f thum b, one ton o f wet 

wood chips (2,000 lb ) has the energy equivalent o f  one barrel o f  o il. Many acres o f  I iawaii, not 

presently econom ically viable i'or food crops or iiasture, now standing idle , are capable o f  pro­

ducing 20 green tons o f  harvestable biomass per acre-year. This is an energy equivalent o f  20 

barrels o f  o il per acre-year. Based on 1981 fuel o il prices o f  $32 per barrel delivered Hawaii, the 

acre o f  biomass has a value o f  $640.

Biomass may be converted to  energy by at least fou r processes: d irect combustion (burn­

ing); hydro ]iy ro lys is  (gasifica tion); hydrolysis; o r anaerobic digestion. D irect combustion is the 

most e ffic ien t method o f  converting biomass to  e lec tric ity . By use o f  the hydropyro lys is  process, 

though, biomass can be converted to liqu id  hydrocarbon fuels o r low  BTU gas and char. L iquid 

hydrocarbons are clearly suited as liqu id  fuels. L iq u id  hydrocarbons could also conceivably be 

used to energize p lanting and harvesting equipm ent fo r  the proposed extensive biomass planta­

tion.



Since August 1980, Pacific Resources, Inc., the Hawaii Natural Pnergy Ins titu te  o f  the 

University o f  Hawaii, and the Institu te  o f  Gas Technology have been studying the economic 

feasib ility  o f  hydropyro lys is  o f  Hawaii biomass to  produce liqu id  fuels under a U.S. Department 

o f  Energy grant. The particular hydropyro lys is  conversion method being examined is called
'-p» »

H yflex  , which is the simultaneous extraction o f  o il and gas products from  solid cai bonaceous 

feedstocks w itho u t form ing a heavy, hard-to-handle tar. By con tro lling  reaction time and 

severity (tem perature) the product slate can be varied according tx) needs and market. A process 

design has been completed fo r the conversion o f  forest biomass (specifically eucalyirtus wood) to 

LPG, o il, and char products. A p ro to type conversion plant im plem enting the H yflex  process 

has been proposed, and it requires the sustained production lio m  a tree p lantation ot 45,000 to 

55,000 acres.

Since the early 70 ’s, a significant number o f  research projects have considered single or 

m ultip le  phases o f the potentia l fo r tree plantations as a source o f  biomass energy fo r Hawaii. 

A  1977, five-volume study by the Stanford U nivers ity /U n ivers ity  o f  Hawaii Biomass Energy 

Study Team indicated 12 extensive land areas on the Island o f  Hawaii deemed suited to, and 

econom ically positive fo r, energy tree plantations. This w ork suggested that perhaps 77 .1,599 
acres o f  grassland and wooded grazing land m ight be considered fo r terrestria l biomass produc­

tion. By and large these lands were situated above 2,000 ft elevation, were not under cultiva­

tio n , were often partly woods, and usually were utider-ufili/.ed.

Presently, areas o f  the Island o f Hawaii that o ffe r the highest potentia l fo r econom ically 

feasible energy tree plantations arc parts o f  the ilam akua ( ’oast and the N orth  Kohala D istrict. 

On the Hamakua Coast v irtua lly  all o f  the land below 2,000 ft elevation is used fo r unirrigatcd 

sugarcane production. Above the cane lands, however, is a belt o f  higher elevation often wetter 

lands that are grazii'.g land o r disturbed forest areas. A t s till h ig lier elevations are less moist lands 

u tilized only as pasture. Such lands, ranging in elevation I'rom 2,000 to  3,600 f t,  appear to  be 

environm entally suited fo r energy tree plantations. On the Kohala side, abandoned cane land 

m ight allow  tree plantings to extend downward nearly to sea level where biomass yields could be 

very high.

Forearmed w it ii the p roduction  and conversion research from  the decade o f  the 70’s, 

various groups are now meeting to  assess biomass energy fo r Hawaii in the 80 ’s. In 1979 the 

Hawaii Natural Energy Institu te  sponsored an in ternational panel which considered a 1,000 acre 

tree farm o f  giant leucaena fo r the Island o f  M olokai. During October 1981, a group o f  24 scien­

tists, practitioners, and government and industry representatives convened a synthetic fuels w ork­



shop in  H ilo . This workshop was planned to  consider all aspects o f  amalgamating a hydro ­

pyro lysis p lant processing 1,000 bone d ry  tones o f  w ood chips per day and an energy tree planta­

tio n  estimated at 50,000 acres. The workshop was sponsored by Pacific Resources, Inc. (PR !) 

and the Hawaii N atura l Energy Ins titu te  (H N E I). O ther workshops are in  the planning stage.

The biomass p lanta tion  under consideration here w ould  approxim ate the size o f  tw o  large 

sugar p lantations. Land su ita b ility  and ava ilab ility , lease rates, and p ro du c tiv ity  were investigated 

fo r the plantings proposed. Tree species, soil, and m oisture requirem ents, were weighed. Actua l 

p lanting acreage requirements were determ ined so tha t tree nurseries and seedlings accommo­

dating the site proposal could be planned, seedhng d is tr ib u tio n  p lo tted , and m anpower require­

ments determ ined. P lantation establishment, harvesting, and u tiliz a tio n  were budgeted. Envi­

ronm ental concerns were entertained and processing p lant sites proposed. In  fina l, the financia l 

feas ib ility  o f  the p ro ject was analyzed. W orkshop partic ipants selected were assigned to  w ork 

areas based upon th e ir considerable expertise and experience.

This report, based upon the deliberations o f  the partic ipants o f  the Energy Tree Farm 

W orkshop No. 1, shows how a new biomass industry  m ight be in itia ted  on the w indward side o f  

the Island o f  Hawaii to  make be tte r econom ic use o f  the upper be lt, underutilized lands; to  

provide new jobs fo r  local people; and to  reduce the state’s dependency on im ported transport 

energy sources. It  is, the reader is rem inded, on ly  a proposal. The report attem pts to  weave 

together biomass research and development o f  the past decade and the practical economics and 

technological capabilities o f  the next. The results are econom ically positive and become even 

more positive as fuel prices rise during  the decade o f  the 1980’s.

The workshop partic ipants are confiden t tha t even i f  the particu la r processing p lant envi­

sioned to  process annually the equivalent o f  935,000 barrels o f  o il energy from  45,000 acres o f  

energy tree p lan ta tion  does no t become a rea lity , the results o f  the sessions w ill be available and 

useful fo r the consideration o f  o the r biomass assessments th roughou t the 80 ’s. The group 

demonstrated unanimous confidence tha t biomass energy fo r bo th  transport fuel and electric 

power can be econom ical and w ill eventually p lay a much larger energy role fo r  the Island o f  

Hawaii and the state than al present.

-Jim  Holdemess, E d ito r
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Section 1 

SPECIES 

Selection and Predicted Yields 

K.G. MacDicken, C.K. Wakida, R.G. Skolmen

This section presents an overview o f  c lim atic  and edaphic factors fo r  three sites recom>nended fo r  

biomass p lantations on the northeast quarter o f  the Island o f  Hawaii. The environm ental require­

ments o f  fo u r  species o f  trees believed suitable as p lanting s tock -E uca lyp tus  saligna, E. grandis,

E. globulus, and Leucaena leucocephala-are tnatched w ith  the p o ten tia l p lanta tion  sites. Yield 

pro jections are made fo r  each species in each area.

SPECIES SELECTION

The establishment o l a 40,000 to  50,000 acre biomass p lanta tion  which can adequately 

supply the requirements o f  a 1400 bone dry ton (BD T)/day hydropyro lys is  plant requires the 

selection o f  tree species that provide op tim um  yields in short rotations.

The three sites recommended fo r inclusion in this study (see Section 2) were assessed in 

an e ffo rt to  match species requirements (Table 1 - i)  and specific site characteristics: 

o Mean annual ra infa ll 

o Elevation 

0 Soil characteristics 

o Existing vegetation

o G row th data from  existing stands and experimental plantings o f  eucalyptus and 
leucaena

Data used in this selection process were obtained from  available literature, unpublishetl 

studies from  the U.S. f  orest Service (USES) and the University o f  Hawaii (U I l) ,  and observations 

o f  State D ivision o f  l̂ ’orestry, USES, and UH personnel. Subsequent yield projections were based 

on in fo rm a tion  from  these same sources. The fo llow ing  species were found to be suited to the 

p lantation sites:

o Leucaena leucocephala (leucaena) 

o Eucalyptus grandis (rosegum) 

o E. saligna (saligna) 

o E. globulus (bluegum)

Leucaena leucocephala (koa haole) is a member o f  the Leguminosae fam ily  (Eabaceae) 

o rig inating in Mexico and Central America. The common shrubby type grows extensively in



Table 1-1: Environmental and Growth Requirements of Leucaena and Eucalyptus for Biomass Production^

Species Altitude (ft) Rainfall (in) Temperature (°F)
Optimum Marginal Optimum Marginal

L. leucocephala below 1500 over 1500 50-65 as low
as 20

restricted to the 
tropics and subtropics

E. saligna 1500-3500 500-1500,
3500-6500

80-100 25-80,
100-300+

temperature limiting 
above 5000-6000 ft

E. grandis 0-2400 2400-4000 80-100 25-80,
100-300+

temperature limiting 
above 4000 ft; 
cannot take frost

E. globulus 3500-5000 5000-7000 50-80 
best if 
winter 
maximum

20-50,
80-200

can tolerate about 20°F 
for short periods when 
mature; seedlings are 
frost-susceptible

Species Soil Soil 
depth texture 
(ft)

Soil
drainage

Soil
pH

Soil
P

nutrient status, ppm^
Ca Mg K

L. leucocephala 2 light- 
heavy

mod. well- 
drained

5.5-8.0 - -

E. saligna 3 light- 
medium

wel 1 - 
drained

4.5-5 . 5 20-30 >1200 150 >200

E. grandis 3 1i ght- 
medium

well-
drained

4.5-6.5 - -

E. globulus 3 light-
medium

well-
drained

5.0-6.5 - -

^Adapted from National Academ> o f Sciei'.ces [1980'' and USDA Forest Service, Honolulu.
'̂ P is modified Truog method; Ca, Mg , a!':K a re exchangeable bases (Y. N . Tamimi).



Il: iw ;iii al low cluvations. In iiuich o l the tri)pies, leucaena is used as a major source o f feed anil 

I'uel. The “ Hawaiian g iant”  varieties being considered fo r this project are capable o f  very rapid 

grow th, and have the a b ility  to  fix  n itrogen, thus e lim inating the need fo r nitrogen fertilizers.

Giant leucaena has been planted extensively as a fuel and pulpwood species in the I’ h ilip- 

pines and 1'aiwan. I'he high nitrogen content o f  the leaves allows the use o f  the foliage as a valu­

able co-product o f  woody biomass.

I ’he genus liuca lyp tus (fam ily  Myrtaceae) is native to Australia. Five to  six hundred 

sjiecies and varieties comprise 75 percent o f  the tota l llora. In the dense coastal rain forest o f 

its homeland, eucalyptus grow tall and straight to heights o f  more than 200 f t ;  dw arf, shrubby 

torms appear at tim berline and in the dry outback. Fucalyptus have now been in Hawaii over 

1 10 years and have spready s ign ificantly from  where tirst planted. They, however, have not signi- 

tican tly  reproduced in o r taken over native forests, even where they have ireen jilanted inside 

native forest areas. Where planted on degraded lands jus t makai ot the native forest as along the 

Hamakua Coast, they have served positively as a bu ffe r against weed invasion in to  the native 

forest.

lu ica lyp tus saligna, l i . grandis (rosegum) and hybrids o f F. grandis and li. saligna grow very 

rapid ly on favorable sites. Annual increments in Hawaii average 1 inch in diameter .it breast 

iie ight (dbh) and 10 ft in height.

Since 1960, 12 saligna has been used fo r watershed pro tection  and tim ber production, rite 

Island o f  Hawaii has harvested over 14 m illion  board feet o f  saligna sawtimber along the 

Hamakua Coast above sugarcane fields.

In o ther countries (South America and Brazil) F. saligna represents an im portant tim ber 

species. When chipped, it provides fiber fo r paper, particle board, hardboard, and rayon.

An im portan t difference between F. grandis and F. saligna appears to be the susceptibility 

o f  F. saligna to a stem canker found on Kauai. F. grandis appears to  be more resistant to this 

disease.

F. globulus (bluegum ) has been planted in Hawaii since about 1880, m ainly on the islands 

o f  Hawaii and Maui. I t  is easily established and adapted to  many sites w ith  its best growth 

occurring above 2300 feet. Its wood is heavy and very hard w ith  a large shrinkage in drying.



Bluegum wood is dense (55 Ib/cu ft at 12 percent m oisture) and light colored, well suited fo r 

pulp and fiber products, its  bark is th in , sm ooth, and regularly shed in strips from  above, result­

ing in  a th in ly  clad, blue-grey m ottled tm n k . Bluegum may grow faster and produce a denser 

wood than saligna at sites above 5()()0 feet.

A ll fou r species have the necessary a ttributes fo r  th is study:

o Rapid growth

Provided they are |ilanted in sites to  which they are adapted, each has been 

proven to grow at rates which equal or exceed a mean annual increment o f 10 

BDT/acre-year. These growth rates indicate econom ic harvesting o f  wootl chips 

on short rotations o f  4 to 7 years.

o Coppicing a b ility

The stumps o f each o f these species w ill iiroduce coppice shoots after the stems 

have been harvested. A lthough actual coppice yields have not yet lieen aile- 

quately studied, in itia l reports from  here and abroatl indicate that coppice yields 

could exceed the yield o f seedling stands.

o Resistance to  pests

Existing plantings o f  these species have thus far escaped m ajor damage from 

insect, rodent, and tlisease pests. Id ie  on ly  notable exception is the current 

problem w ith  stem canker in E. saligna on the Island o f Kauai.

o A d ap tab ility  to wide range o f  cond itions

These species o f  eucalyptus and leucaena tolerate a wide range o f soil and clim atic 

conditions, and are generally more drought resistant than the o ther species 

considered.

o Existing plantings in Hawaii

Several exotic  species were considered in it ia lly , bu t eucalyptus and leucaena were 

selected because each has been studied fo r its wood production in Hawaii fo r well 

over a decade.

o S u itab ility  o f  wood as a fuel

The process envisioned fo r the proposed plant requires tha t 33 percent o f  the to ­

ta l tonnage o f  chips be used as feedstock to  fuel the plant. Each o f  the species



selected produces good qua lity  t'uelwood (m in im um  specific gravity = .45, heating 

value o f 8000 B TU /lb  o r more.)

o S u itab ility  fo r pulpwood

E. saligna, E. grandis, and E. globulus yield fiber that is suitable fo r the produc­

tion o f  high qua lity  pulp or lum ber. Therefore, there are alternate markets fo r 

the products o f  this pro ject. Leucaena is also know n to  produce desirable pulp.

PREDICTED Y IELD S

Wood yields from  each o f the sites were estimated in BDT/acre-year on a whole tree basis 

(Tables 1-2, 1-3, 1-4). These estimates include stem, bark, branches, and leaves, and are based 

largely on the lim ited data collected from  E. globulus and E. saligna coppice stands growing in 

the Kuka ’ iau area. It is expected that after six years, over tw o-th irds o f  the dry weight w ill be 

Irom  stem wood and bark, and the balance w ill be p rim arily  from  branches.

Sub/.ones were defined in each area according to  the fo llow ing  specific chracteristics: 

o Mean annual rainfall 

o Prime Forest Lands C'lassification 

o Elevation 

o W indfa ll hazard 

o Soil lim ita tions

The subzones are described in Figures 1-1 through 1-3.

Assuming there arc no serious lim ita tions  to grow th, such as high winds, the most im por­

tant factors in lluencing  the growth o f  eucalyptus are ra in fa ll and temperature. Subzone bound­

aries, therefore, were based on isohyets* and contour lines. Secondary consideration was given 

to the Prime Forest Lands Classifications, as drawn up by the State Division o f  Forestry. These 

classifications are designed to provide a means o f  estim ating the relative su itab ility  o f  lands fo r 

wood production based on environmental parameters.

Map lines connecting areas o f  equal ra in fa ll.



Table 1-2; Environmental Parameters Describing Yield Potential at Kapa'au, Site I

Species Elevation Rainfall

 ̂Prime 
Forest 
Lands

Dominant ^Predicted 
soil yield 

series (BDT/acre-year) Acreage

^Total
yield
(BDT)

L. leucocephala <1000 ft 40-75 in NS, P2 Hawi, Kohala 10 8,500 510,000

E. grandis 1000-2000 ft 40-100 in NS,
PI

P2 Ainakea 
Niuli i

6-12 5,150 298,800

E. saligna 2000-3000 ft 75-100 in NS,
PI

P2 Ainakea
Niulii

8-9 4,515 230,220

E. globulus >3000 ft 75-100 in NS, P2 Ainakea, Niulii 
Manahaa
Kehena (Marginal)

8-10 2,025 121,500

TOTAL 20,190 1,160,520

‘Not to be confused with Prime Agricultural Lands 
NS = National Standard (lowest suitability class) 
P2 = Prime 2
PI = Prime 1 (highest suitability class)

^Mean annual increment 
^Assuming - 6 year rotation

Note: Total yield is the summation of weighted subzone yields,
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Table 1-3: Environmental Parameters Describing Yield Potential at Kuka'iau, Site 2

Species Elevation Rainfal1

^Prime 
Forest 
Lands

Dominant
soil

series

^Predicted
yield

(BDT/acre-year) Acreage

^Total
yield
(BDT)

E. saligna 3000-4000 ft 40-50 in P2 Maile 8-12 8,060 497,040

E. globulus 4000-6000 ft 30-50 in NS, P2 Umikoa
Hanipoe

8 7,650 367,200

E. globulus 4000-6000 ft 50 + in P2 Umikoa
Hanipoe

12 4,530 326,160

TOTAL 20,240 1,190,400

^Not to be confused with Prime Agricultural Lands 
NS = National Standard (lowest suitability class)
P2 = Prime 2
PI = Prime 1 (highest suitability class)

^Mean annual increment 
^Based on a 6 year rotation

Note: Total vield is the summation of weighted subzone yields.
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Table 1-4: Environmental Parameters Describing Yield Potential at Pua'akala, Site 3

Species Elevation Rainfall

^Prime 
Forest 
Lands

Dominant
soil
series

^Predicted
yield

(BDT/acre-year) Acreage

^Total
yield
(BDT)

E. globulus 5400-6500 ft 100-125 in P2 Puu Go 11 7,335 484,110

E. globulus 5000-6000 ft 125-150 in P2 Piihouoa
Laumia

12 6,890 496,080

TOTAL 14,225 980,190

^Not to be confused with Prime Agricultural Lands 
NS = National Standard (lowest suitability class)
P2 = Prime 2
PI = Prime 1 (highest suitability class)

^Mean annual increment 
^Assuming - 6 year rotation

Note: Total yield is the summation of weighted subzone \'ields,
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Table 1-5; Species Yield Predicted by Sites and Subzones

Est imated —
Subzone Gross Plantable annual Total wood yield

Designation Species acreage acreage yield/acre (6 -yr rotation)

Site 1, Kapa'au

LL L. leucocephala 10,000 8,500 10 BDT 510,000 BDT _

Egr^ E. grandis 6,060 2 , 0 0 0 6 BDT 72,000 BDT

Egr2 E. grandis 3,150 12 BDT 226,800 BDT

E. saligna 6 , 0 2 0 2,250 9 BDT 121,500 BDT

ES2 E. saligna 2,265 8 BDT 108,720 BDT

Eg, E. globulus 2,700 2,025 10 BDT 121,500 BDT _
24,780 acres 20,190 acres 1,160,520 BDT

Site 2, Kuka'i au
—

Es50, E. saligna 4,250 3,400 12 BDT 244,800 BDT

Es50^ H. saligna 2,975 2,380 10 BDT 142,800 BDT

Es40 E. saligna 2,850 2,280 8 BDT 109,440 BDT —

E. globulus 9,562 7,650 8 BDT 367,200 BDT

E. globulus 5,662 4,530 12 BDT 326,160 BDT
25,299 acres 20,240 acres 1,1 90,'!()() BD'i'

Site 3, Pua'akala

Egl, 1;. globulus 9,842 7,335 1 1 BDT 484 , 110 BD'I —

Egl, 1;. globulus 10,477 6,890 12 BDT 496,080 BDT
20,319 acres 14,225 acres 980,190 BDT

Total area 54,655 acres .

Total predicted yield 3,331,110 BDT
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Upon delineation o f  subzones, gross acreages were determ ined and adjusted to  allow fo r 

inaccessible, environm enta lly pro tected, or unusable acres. Adjustm ents were made by esti­

mating the percentage o f  each area tha t would  not be planted or harvested. These estimates also 

took  in to  account land removed from  p roduction  by access roads.

Thus, the acreages presented in  Table 1-5 are the estimated net plantable acreages w ith in  

the pro ject boundaries.

Yields (Table 1-5) were estimated as ranges per species per subzone.
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Section 2 

SITE

Selection and Description 

A rth u r Seki and Gene Aguiar

This section describes the B ig Island (H aw aii) sites chosen fo r  tree p lanta tions—abandoned sugar­

cane land near Kapa'au. the upper elevations o f  K u ka ’iau, and a strip  o f  land along Pua’akala. To 

meet p roduction  requirements o f  1400 B D T lday, a tree fa rm  o f  46.000 to 55.000 acres is 

needed. Because o f  land ava ilab ility  constraints, the above three non-contiguous sites were cho­

sen. The la tte r tw o sites cu rren tly  are used fo r  grazing, bu t most o f  the land near Kapa’au is idle. 

Leases on these sites vary in cost and in  length, depending upon the value o f  the land and the  

time the lease was consummated. Rents at the cho.sen sites range fro m  $ 1.71 lo  $14.12 per acre 

per year, w ith  te rm ina tion  periods fro m  1084 to 2111. These areas are a ll zoned agricultural.

H A W A II C O U N T Y - G E N E R A L IN F O R M A TIO N

The Island o f  Hawaii is the largest o f  the eight islands in  the state (Figure 2-1). I t  is about 

93 miles long and 76 miles wide and covers an area o f  2,584,320 acres, over 50 percent o f  the 

state’s to ta l area. The island is made up o f  five volcanoes, tw o o f which are considered active. 

The highest p o in t on the island is Mauna Kea, 13,796 feet above sea level. The residential popu­

la tion  was about 92,000 in 1980.

The econom y o f Hawaii is based on agriculture (inc lud ing  sugar, macadamia nu t, flowers 

and nursery products, papayas, coffee, and cattle ranching) and a struggling touris t industry. 

Sugarcane takes about 114,775 acres o f  land while  the nonplan ta tion  agriculture takes up 

820,053 acres. The landowner d is tribu tion  is shown in  Table 2-1: the State o f  Hawaii owns 

less than 40 percent o f  the land, and the rest is private ly owned.

Hawaii lies in  the path o f  the northeast tradewinds and has an orographic (m ounta in- 

caused) ra in fa ll pattern. The prevalence o f  the trades accounts fo r the iiigh annual ra in fa ll o f  75 

to more than 300 inches on the w indward northeast side o f  the island (F igure 2-2). Heaviest 

annual ra in fa ll occurs in  the v ic in ity  west o f  H ilo  at the 2,000 to  3 ,000-foot elevation where it 

exceeds 200 inches a year. In  areas where the trades predom inate, the d ry  months o f the year 

occur from  May through September, and the wet m onths from  O ctober through A p ril. Temper­

atures range between 8°C  and 20®C and these differences result ch ie fiy from  variations in eleva­

tion .
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The sugar companies have acquired lim ite d  data on solar inso lation fo r  the cane lands, and 

inso lation potentia ls fo r  the chosen sites can be derived from  these. The low  a ltitude  areas have 

re lative ly high insolation values, and because o f cloud cover, these values decrease as elevation in­

creases (Figure 2-3). The D epartm ent o f  M eteorology at the U niversity o f  Hawaii at Manoa also 

has conducted w ind surveys o f  the island (Figure 2-4). The Kohala area has very high w ind 

speeds, while  the upper K uka ’iau and Pua’akala sites have low  speed winds. O n ly  at the Kapa’iau 

site is the w ind  considered a po ten tia l problem.

The Island o f  Hawaii has s ligh tly  more than 60 percent o f  H aw aii’s commercial forest land. 

Most o f  th is, however, is a m ix tu re  o f  native ohia and koa trees, and is not being utihzed exten­

sively fo r wood products. Planted eucalyptus comprise about 2 percent o f  the commercial forest 

lands in  the state, and represent 23 percent o f  the to ta l saw tim be r volume.

Care must be exercised in  developing forests fo r  commercial use; H aw aii’s b io log ica lly 

unique native forest is extrem ely sensitive to  d isrup tion. For example, Ohia, the dom inant native 

species in the forests o f  Hawaii, has been subjected recently to  an unexplained decline.

A d d itio n a lly , H aw aii’s forest and watershed areas are v ita l to  agricu ltura l use because the 

state’s freshwater supply is dependent on stream flow  and ra in fa ll percolating in to  the freshwater 

aquifers. H aw aii’s m u ltip le  use forests are also valued fo r tim ber, recreational areas, erosion con­

tro l, w ild life  habitats, and visual resources. O n ly one o f  the po ten tia l and valuable uses o f  forest 

lands is as a biomass energy resource.

SITES SELECTION

The estimated acreage o f  the to ta l land available was obtained through the state tax map 

key and by calculating the useable area in  question. The m a jo rity  o f  the land users are cattle 

ranchers who own, lease, or sublease the lands. The length o f  these leases vary as do the lease 

rents, because some agreements were consummated many years ago when land values were consi­

derably lower. The lease rent w o rth  is an estimated value o f the present day cost o f  the lease, 

assuming it w ill cost more to  sublease the land now from  the present occupant than is stated in  

the orig inal lease agreement.

SITE 1, K A P A ’AU

The Kapa’au (Kohala) site is located northeast o f  the Kohala m ounta in  road (H ighway 

250) from  Upolu Point to  about Kahua. The elevations o f  the area range from  sea level to  

approxim ate ly  4,000 feet. T lie  mean annual ra in fa ll ranges from  30 to  150 inches.

19



KAUAI

OAHU

MOLOKAI 

L A N A I '0

Kea hole 
Light 

housi

Upolu Pt.

KAHOOLAWE

Honoka

Leleiwi Pt

Kaiiua

A   ̂ /  .
>  /MAUNA LOA

/ /  / / •
■' j  /  /  :  ■ /

# P ohoa

Cope 
Kumukahi

Apua Pt 

Figure 2 - 1 
HAWAIIPohala

Noole
CONTOUR INTERVAL - 1000 FEET 

SCALE 1 :290,000

Ko Loe (South Pt.)

20



Table 2-1; Major Landowners, Island of Hawaii; 1964

Landowner Acreage

Total Land ......................  2,516,978

Public Ownership:
Federal Government ...........  200,995.1
State of Hawaii ..............  985,268.7
County of Hawaii .............  839.4

Major Private Landowners: 1,287,595
Parker Ranch ..................  258,173
C. Brewer 6 Co., Ltd... 207,633
Samuel M. Damon Estate ....... 139,510
Dillingham Investment Corp. .. 124,300
Theo H. Davies 5 C o ., Ltd. ... 84,104
McCandless Heirs .............  61,277
Signal Properties, Inc. 50,000
Frank R. Greenwell ...........  35, 791
World Union Industry Corp. ... 33,000
Thelma K. Stillman Trust ....  31,857
Bernice P. Bishop Estate ....  31,799
Amfac, Inc..............  26,515
James Campbell Estate ........ 25,630
Boise Cascade Properties, Inc. 25,000
Castle  ̂ Cooke, Inc.... 24,428

Landowner Acreage

Yee Hop, Ltd.............................  22,270
W. H. Shipman, Ltd......................  18,525
Norman N. Inaba ......................... 15,158
Kahua Ranch, Ltd......................... 14,013
W. H. Greenwell, Ltd....................  11,925
Hawaiian Ocean View Estates ...........  10,642
Hawaiian Paradise Park Corp............  5,502
Kapoho Land S Development Co., Ltd. ... 4,140
Queen Liliuokalani Trust ..............  3,888
Crawford Oil Corp.......................  3,807
Hawaiian Evangelical Association .....  3,151
Elizabeth K. Booth .....................  2,613
Mauna Loa Investment Co ................. 2,283
Hawaii Mountain View Development Corp.. 2,000
E. L. Wung Ranch, Ltd...................  1,900
Steward-Badbois Co......................  1,785
Cresent Acres, Ltd......................  1,489
Roman Catholic Church .................. 1,258
Golden State Hawaiian Corp.............  1,165
Nanawale Estates Co.....................  1,064

Small Private Landowners ..............  43,120

Source: County of Hawaii Data Book, 1980.



Most o f  the commerciaJ forest land is in grazing, and there also are many areas o f  non­

commercial forest lan d -b ru sh  kiawe forest in the d ry  areas and native forest on very steep, rocky 

sites o r swampy areas on the Kohala mountains. The to ta l fore.st p lantation land is about 500 

acres, bu t on ly  280 acres are commercial types. The greater part o f  the commercial forests types 

are in the Kohala forest reserve; most o f  the noncommercial types are outside the reserve.

The main roads fo r wood chip transportation would be Highway 270 and Highway 250. 

The final destination would be an area outside o f  Waimea, rouglrly 25 miles from  the p lantation. 

The tow n o f  Hawi would receive some truck  tra ffic , bu t it is anticipated that Waimea tow n w ill 

n o t, at least no t after the new road has been completed (3 to  5 years).

The to ta l acreage is rough ly 24,780 acres fo r  the crops o f  leucaena, E. grandis, E. saligna, 

and E. globulus. I t  is considered, however, that some o f the land designated near the Kohala 

coastline is expensive agricultural land and may not be available. Assuming almost 20 percent o f  

the area is unworkable, too  expensive land, o r used fo r roads, the workable acreage is reduced to 

20,190.

Kohala C orporation (fo rm erly  Kohala Sugar Com pany), a subsidiary o f  Castle and C'ooke, 

owns the m a jo rity  o f the land in question. Most o f  th is abadoned sugar land is not now in use, 

bu t a small am ount is in diversified agriculture and grazing. Richard Smart o f  Parker Ranch is the 

next largest landowner in this area. A ll o f  his land is used fo r grazing. Kahua Ranch owns the 

rest o f  the land under consideration, used also en tire ly  fo r  grazing.

Present leases in  th is area are from  $1.75 to  $13.46 per acre per year, and expire between 

1984 and 2000. Some leases are longer running than others. The present w orth  o f  the leases, lo r  

the sake o f  the study, has been estimated at $40 per acre per year.

SITE 2, K U K A ’IA U

The K u ka ’iau (Honokaa) site is located along a 25-mile long section o f  the northeastern 

coast o f  the Island o f  Hawaii, from  Keanakou to Hanaipoe. The elevational range w ith in  the 

study area is from  3,000 to about 6,000 feet. Forestry resources are greatly influenced by the 

annual ra in fa ll variations across the study area. The average annual ra in fa ll varies from  30 inches 

to  more than 100 inches.

Forestry related resources w ith in  the site are composed o f six types o f  vegetation including 

ohia-koa, commercial forest land plantations, noncom mercial forest land (tree and shrub types).



grassland, and herbaceous ami improved pasture. A to ta l o f  4 ,100 acres (rounded to nearest lOOt 

o f  p lantation exists at the site, and 1,200 (rounded to the nearest 100) o f  these acres have been 

cutover (harvested) during the period 1975-1979. This area is from  jus t above the sugarcane 

lands (about the 2 ,000-foot elevation) to  approxim ately the 9 ,800-foot elevation, and has an 

annual average ra in fa ll o f  35 inches o r greater.
s'

The gross am ount o f  land available in the K uka ’iau area is roughly 23,800 acres. An 

approxim ate 15 percent was subtracted fo r  unworkable land and roads, leaving 20,250 acres 

available fo r  p lanting E. saligna, E. grandis, and E. globulus.

The landowners here are the State o f  Hawaii, C. N otley  Estate, and Theo H. Davies Com­

pany. A ll the land at this site has been leased or subleased to various ranchers. The ten iiina ti(m  

ilates o f  these long-lerm  leases vary from  1990 to 2 11 I w ith  a lease rent range o f  $4.30 to  $ 14.1 2 

per acre per year. The estimated present w orth  o f  these leases is $20 per acre per year.

SITE 3, PU A’A K A L A

Ehe I’ ua’akala area is located northwest o f  l l i lo ,  mauka o f the H ilo  forest reserve, and 

stretches from  beyond Nauhi Culch to the Saddle Road. The elevational range w ith in  the study 

area is 5,000 to  6,000 feet on the flanks o f  Mauna Kea. The average annual ra in fa ll in this area 

is from  75 to 150 inches. Most o f  the commercial forest land lies in grazing w ith  some bushy 

grow th near the lower elevations. Ehe site may generally be characterized as a m ixture  o f  Hat 

lands accompanied by ro ily  h ills  and gullies.

A ll o f  the projected truck tra ffic  would be on the Keanakolu Mana road (which wou'ci 

have to be upgraded) on the upper elevations o f  Mauna Kea. This road also passes through Ihc 

proposed K uka ’ iau site. A  fu lly  weighted truck would travel approxim ately 35 miles dow nh ill to 

an area outside o f  Waimea. No m ajor towns exist en route, so problems w ith  the com m unity  are 

un like ly .

The I’ua’akala site has a gross acreage o f  about 20,300, an unworkable value o f  30 percent, 

and therefore a workable p lanting area o f  14,225 acres ( fo r E. globidus). 'Ehe m ajor landowners 

are L-iliuokalani T rust, W.H. Shipman, the State o f  Hawaii, and Hawaiian Homes Commission. 

These lands are leased o r subleased to various ranchers also. Term ination o f  these leases range 

from  as early as 1985 to 2111. The lease rents range from  $1.71 to $10.86 per acre per year. 

The estimated present w orth  o f  the land lease is $ 15 per acre per year.
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Section 3 

SOILS

Oescription o f  Soils and The ir Recommended L’e rtiiiza tion  

fo r Leucaena and Hucalyptus G row th 

11. Ikawa, Y.N. ram im i, 11.B. Wood

I'lirce  sites w ith  a combined urea o f  us niueli us 70.()()() acres liuve been proposed fo r  llic  

esiablishnient o f  leucaena and eucalyptus energy tree p lantations on the Island ( j f  Hawaii. This 

section identifies the environm ental and so il requirements o f  the species selected, describes the 

soils at the sites, suggests fe rt iliz a tio n  practices, and comments on the possible degradation o f  the 

land because o f  this use.

R iiO G IR H M LN TS O L l.L U C A l'N A  A N D  liU C A LY P TU S

D eterm ination o f  the su itab ility  o f  soil o r land fo r a crop demands some knowledge o f the 

environmental and grow th reriuireinents o f  the cro[), as well as the characteristics o f  the soil t'r  

land. I 'o r  the assessment o f  su itab ility  o f  land, performance data such as tiie  site index, b io ­

mass yie ld , and volume o f wood chips also are needed. Tire environm ental and growth rec|uire- 

ments o f  the leucaena and eucalyptus are presented in Table 1-1. Performance data, however, are 

lacking and should be addctl as they become available.

D liSG R IPTlO N  OF SOU S

The soils o f  interest in this study are classified m ainly as Andepts (volcanic ash soils) or ,i> 

soils having some innuence o f  volcanic ash. Most o f  them are weathered to such an extent tiia t 

they are acid and low in nutrients, especially those in areas o f  high ra in fa ll. The classification o f 

the .soils o f the study sites, according to Soil Taxonom y (SC'S, IdT.'i), is listed in Table 3-1. T he 

approxim ate acreages o f  these soils arc fu rthe r tabulated in Table 3-2 and their location and dis­

tr ib u tio n  are shown in Figures 3-1 and 3-2.

The soils o f  the low er slopes (0 to  approxim ate ly 2,000 ft elevation) o f  the Kapa’au site 

are mapped in high in tens ity , while those o f  the upper slopes o f  that area and the o ther sites are 

mapped p rim arily  in low  in tensity. Thus, approxim ate ly 75 percent o f  the proposed sites are 

mapped in low in tensity o r reconnaissance soil survey. More soils in fo rm a tion , however, is 

needed to implem ent the project and manage the sites, and eventually a detailed soil survey, an 

on-site investigation, must be made.

K A P A ’AU S1T1-:

A t Site I, Kapa’au, seven dom inant soil .series occur in a climo.sec|uence, where the rainfall 

increases up to approxim ate ly the 3,000 ft elevation and then decreases above that elevation
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Table 3-1: Classification of the Soils of Kapa'au, Kuka'iau, and Pua'akala Sites^

Site Soil Series Subgroup and Family

t j
Oc

Kapa'au Kohala Ustic Humitropepts, very-fine, mixed, isohyperthermic
Ainakea Andie Ustic Humitropepts, fine, oxidic, isohyperthermic
N i u 1 i i Hydric D>'strandepts , thixotropic, isothermic
Kehena Aerie Andaquepts, thixotropic, acid, isothermic
Palapalai T>'pic Eutrandepts, medial, isothermic
Kahua T>'pic, Placandepts, thixotropic, isomesic
Manahaa H>'dric D> S t  randept s , thixotropic, isomesic

Kuka'iau Honokaa Typic Hycrandepts, thicotropic, isothermic
Mai le Hydric D\strandepts, thixotropic, isomesic
Umikoa T\'pic Dystrandepts, medial, isomesic
Hanipee iN-pic D\'strandepts, medial, isomesic
Apakuie Umbric Vitrandepts, medial, isomesic

Pua'akala Piihonua T\-pic Hydrandepts, thixotropic, isomesic
Puu Oo Hydric D\'strandepts, thixotropic, isomesic
Laumaia T;.pic D\strandepts, medial, isomesic
Lalaau T>'pic Tropofolists, euic, isomesic
Kahaluu Lithic Tropofolists, euic, isomesic
Mawae Typic Tropofolists, euic, isomesic
Kekake Lithic Tropofolists, dysic, isomesic

Adapted from Beinroth, Ikawa, and Uehara (1979).



Table 3-2: Approximate Acreage of Land in the Kapa'au, Kuka'iau, and Pua'akala Sites^

lU\o

Site Soil series Intensity 
of survev

Soil series 
area

Associated rough 
broken land

--------- (approx,. acres)---------

Kapa'au Kohala high 6000 1200
Ainakea high 7000 2300
Niulii high 2800 600
Kehena low 3000
Palapalai low 3000 --
Kahua low 1800 - -

Manahaa low- 1300

Kuka'iau Honokaa low 200
Ma i 1 e low 8200
Umikoa low 8400 - -

Hanipoe low- 9600 --
Apakuile low 4200 2600^

Pua'akala Piihonua low 6200
Puu Oo low 9300 --
Laumaia low 1400

Mawae-Kahaluu- 
Lalaau association

reconnaissance 3100

Adapted from Sato et al. (1973). 
^Lava flows, aa.



(Figure 3-1). There is also a decrease in soil temperature w it ii increasing elevation.

The taxonom ic names (Table 3-1) show that the Kohala and Ainakea soil series are Tropets 

(Inceptisols other than volcanic ash soils), have an ustic moisture regime (the soils are d ry  fo r 

more than 90 cumulative days but less than 180 days), and have a mean annual soil temperature 

o f  7 0°F  o r above. The N iu lii, Palapalai, Kahua, and Manahaa .series are Andepts (volcanic ash 

soils), and the Kehena series is an A ijuep t (lnee |itiso l w ith  somewhat poor drainage and some 

intluence o f volcanic ash).

The m atching o f  the tree crop requirements (Table 1-1) and the soil characteristics (Table 

3-3) suggests that leucaena is adapted to the warm and somewhat d ry Kohala series w ith  a near- 

neutral pH but not adapted to the others because o f  e ither a c itlity , too low temperatures, or 

both.

Fucalyptus, on the other hand, appears to be well suited to the Ainakea, N iu lii, and 

Manahaa series. It is moderately well suiteil to the Palapalai and Kehena series, even though the 

Palapalai series has low soil moisture content, and the Kehena series has somewhat poor drainage. 

It is not suited to the Kahua series because this series has a placic horizon (th in  cemented iron 

pan) which may imperle root d is tribu tion  and also contribu te  to the poor ilrainage o f this soil.

C’ompared to the other sites, many sr)ils ol the Kafia’au site are generally not as well-suiteil 

to r biomass production  because o f  the ir lim ita tions  m entioneil above, the shallowness o f  soils 

to the bedrock, and the prevalence o f  strong w iiu ls in sections o l Kapa’au.

K U K A ’ IA U  SITF

Fxam ination o f  the soil map fo r this site shows that the dom inant map units belong tr> 

tour series: Maile, Umikoa, Hanipoe, and Apakuie. Also included are small areas o f  the Honokaa 

soil series at the lower elevation. In fo rm ation  relating to the environmental and land features are 

listed in Table 3-4, and the location o f  the various soils are given in Figure 3-2.

in the K uka ’iau site, the Honokaa series and the fou r o ther soils occur in a climosequence 

o f increasing elevation and ilecreasing ra infa ll. Because o f  the increase in elevation, there is also 

a decrease in soil temperature going from  the Honokaa series at the lowest elevation to the
f

Apakuie series at the highest elevation. The Honokaa and Maile soil series have a high moisture 

content and are th ix o tro p ic ; they can change from  a gel-like phase to  an almost liqu id  phase w ith  

a sudden application o f  physical force. T h ixo tro p ic  characteristics are associated w ith  phosphate
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Figure 3 -1
SOILS OF THE KAPAAU SITE 

Location and D istribution

Miles
I = Kohala 

Z -  Ainakea 
3= Niulii 
4= Kehena 
5= Palapalai 
6= Kahua 
7= Manahaa
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Table 3-3: Environmental and Land Features of the Soils of the Kapa'au Site^

Soil
series

Elevation

(ft)

Rainfall

(in)

Soil
temperature

(°F)

Depth to 
bedrock 

(ft)

Soil
texture

Drainage Soil
pH

Slope

(%)

Erosion
hazard^

Kohala 0-1500 40-60 72-74 3̂ 5-8 silty
clay

wel 1 - 
drained

6 .1-7.3 0-3,3-12
12-20,20-35

mod.

Ainakea 0-1800 60-90 68-71 2-3̂ 5 silty 
clay loam

wel 1 - 
drained

<4.5-6.0 3-12,20-35 low

Niulii 600-2000 80-100 69-72 1% - 3% silty 
clay loam

wel 1 - 
drained

4.5-6.0 6 -1 2 ,1 2 - 2 0
20-35

low

Kehena 1700-2500 100-150 6 6 - 6 8 lh - 4 silty 
clay loam

somewhat
poorly
drained

4.5-5.5 6 - 1 2 low

Palapalai 3000-3500 40-90 62-65 4-6 silt
loam

we 11 - 
drained

6 .1-7.3 6 - 1 2 mod.

Kahua 3500-4000 60-100 58 31̂ -5 silty 
clay loam

somewhat
poorly
drained

4.5-5.5 6 - 1 2 low

Manahaa 3500-5000 50-80 56-59 m-3l2 silt
loam

we 11 - 
drained

6 .1-6.5 6 - 2 0 low

to

^Adapted from Sato, et al. (1973). 
^Adapted from SCS (1981).



Figura 3 -2
SO ILS  OF T H F  K U K A IA U  SITE

L o c a tio n  and D is tr ib u tio n

Puu Loa 
No 2 Comp

Honoipoe

1 = Honokaa
2 = Maile
3 = Umikoa
4  - Hanipoe
5 = Apakuie Molepiulo

lolehaehae Comp

Puu
K ih t

N
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Table 3-4: Environmental and Land Features of the Soils of the Kuka'iau Site^

Soil
series

Elevation

(ft)

Rainfal1 

(in)

Soil
temperature

(°F)

Depth of 
bedrock 

(ft)

Soil
texture

Drainage Soi 1 
pH

Slope

(%)

Erosion
hazard^

Honokaa 1000-3000 100-150 66-69 silty 
clay loam

wel 1 - 
drained

5.6-6.5 10-20,
20-35

low

Maile 2500-4000 60-90 57-59 5-7 silt
loam

wel 1 - 
drained

5.6-6.5 0-3,
6-20

mod.

Umikoa 3500-5000 40-65 55-58 3J5 - 6 silt
loam

wel 1 - 
drained

5.6-6.5 12-20 mod.

Hanipoe 5000-6500 30-50 50-53 IJ5 - 6 silt
loam

well - 
drained

6.1-7.3 6-20,
12-20

mod.

Apakuie 5000-8000 20-35 50-53 2*5-5 very fine 
sandy 
loam

well-
drained

6.6-7.3 12-20 high

u>

^Adapted from Sato, et al. (1973). 
^Adapted from SCS (1981).



re tention , stneariness, and certain lim ita tions  in physical properties, particu la rly  tra ffica b ility . 

The Umikoa and Hanipoe series, on the o ther hand, have lower m oisture content and are not 

th ixo trop ic . A ll fou r series have low  bulk density and low  o r moderate base saturation.

A lthough the Apakuie series also has a low  bu lk density, is less weathered, and possesses 

more nu trien t elements than the others, its low er soil m oisture content (low er mean annual 

ra in fa ll) lim its  good plant grow th. The temperature o f  the Honokaa series ranges from  66° to  

6 9 °F  (iso therm ic temperature class) while tha t o f  the others ranges from  50° to  5 9 °F  (isomesic 

temperature class).

When the soil and site a ttributes (Tables 3-1 and 3-4) are compared w ith  the environmental 

and grow th requirements o f  the fo u r species in Table 1-1, the m atching indicates that leucaena 

is no t adapted to  the K uka ’iau site.

Assuming that the requirements o f  H. saligna and E. grandis are fa irly  sim ilar, they bo th  are 

suited to all soils at the Kuka ’ iau site, except those o f  the Apakuie series w ith  a low  moisture 

content and/or marginal rainfall. E. globulus also is suited to  most o f  the soils at the K uka ’iau 

site, especially those at h ig lier elevations.

PUA’A K A L A  SITE

The dom inant soils o f  the Pua’akala site are Andepts and T ropofo lis ts  w ith  isomesic soil 

temperatures (F'igure 3-3). T ropofo lis ts  are shallow Histosols, organic soils underlain by either 

pahoehoe or aa lava rocks. The soils at th is site have slopes ranging from  6 to  12 percent nor­

m ally, but can be as much as 20 percent. The soil m oisture decreases in sequence from  the 

Piihonua soil series at the lowest elevation, then to  the Puu Oo, and fina lly  to  the Laumaia 

series at the highest elevation. O n ly Piihonua and Puu Oo are th ixo trop ic .

A pproxim ate ly  3,000 acres o f  the southernmost p o rtion  o f  the Pua’akala site arc occupied 

by T ropofo lis ts  (Mawae, Kahaluu, Lalaau, and Kekake all extrem ely stony or rocky muck). 

According to a 1973 reconnaissance soil survey, approxim ate ly 30 to 40 percent o f  the Tropo­

fo lists are L ith ic  T ropofo lis ts  (H istosols w ith  pahoehoe substratum) and lim it tree growth be­

cause o f the ir shallow depths and poor tree footholds. The others are T yp ic  T ropofo lis ts  (His­

tosols w ith  aa substratum) and have less lim ita tion s  bu t do not have the characteristics o f  the 

Andepts and o ther m ineral soils. The nu trien t status is generally low  in  these Histosols, thus 

rapid tree grow th in these soils requires frequent app lica tion o f  fertilizers.
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Figure 3 -3  
SOILS OF THE PUA AKALA SITE

Loca tion  and D istribution

I : Pnhonua 
? - Puu Oo 
^ - Laumaia
4  = Mowoe - Koholuu Laloou

N
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Table 3-5 : Environmental and Land Features of the Soils of Pua' akala Site^

Soil
series

Elevation

(ft)

Rainfall

(in)

Soil
temperature

(”F)

Depth to 
bedrock 
(ft)

Soil
texture

Drainage Soil
pH

Slope

(%)

Erosion
hazard^

Piihonua 4500-6500 90-150 55-58 3̂ 5-6 silty 
clay loam

we 11 - 
drained

<4.5-5.5 6-20 low

Puu Oo 6000-6500 65-100 55-56 5 h - 6 silt
loam

well-
drained

<4.5-5.5 6-12 mod.

Laumaia 5500-6500 35-70 52-54 3-6 silt
loam

wel 1 - 
drained

5.1-6.0 6-20 mod.

Lalaau 3500-7000 90-150 56-59 < 1 stony
muck

wel 1 - 
drained

4.5-5.0 6-20 low

Kahaluu 3500-7000 90-150 55-57 < 1 rocky
muck

wel 1- 
drained

4.5-5.0 6-20 low

Mawae 3500-7000 50-80 53-55 < 1 stony
muck

well-
drained

6.6-7.3 6-20 low

Kekake 3500-7000 50-80 52-55 < 1 rocky
muck

well-
drained

5.1-5.5 6-20 low

^Adapted from Sato, et al. (1973). 
^Adapted from SCS (1981).



According to  Tables i-1 and 3-5, leucaena is n o t adapted to  these soils because i t  requires 

a d rie r and warmer soil climate and a neutral to  alkaline soil pH. Eucalyptus, however, is well 

suited to  these soils, bu t the extrem ely stony o r rocky surfaces o f  the Andepts and the T ropo ­

folists may present some lim ita tions , even to  it.

REC O M M EN DATIO N  FOR F E R T IL IZ E R

In  general, soils tha t are classified as Hydrandepts and Dystrandepts (Table 3-1) require 

applications o f  lime and more fe rtilize r than soils such as the Eutrandepts. Lime and fe rtilize r 

recommendations, based on fe rtilize r trials w ith  E. saligna in  selected Hawaiian soils, are pre­

sented in  Table 3-6. T im e o f  fe rtilize r applications is presented through footnotes in  the same 

table.

K A P A ’A U  SITE

A lthough  there is a d iversity o f  soils at the Kapa’au site, the general lime and fe rtilize r 

recommendations fo r these soils is 1 to 2 tons o f  CaCO^/acre, 200 pounds o f  urea/acre/year, 

150 pounds o f  m uriate o f  potash/acre, and 250 pounds o f treble superphosphate/acre. The 

phosphate and potash w ill be applied once, six m onths a fte r p lanting, and once fo r each coppice 

crop. No lime is required fo r the Palapalai series and on ly  I ton lime/acre is recommended fo r 

the Kohala series. A lso, the fe rtilize r application in the Palapalai series is 200 pounds o f urea/ 

acre/year, w ith  no phosphate o r potash required.

A t in itia l p lanting, 100 lb  o f  14-14-14 fertilizer/acre  is recommended in a band w id th  o f 

about 6 inches.

K U K A ’IA U

F or the low er elevation soils, Honokaa and M aile, an application o f  1 to  2 tons o f  lime 

(crushed coral)/acre is recommended p rio r to  p lanting. In add ition, 200 lb o f  urea/acre and 

250 lb  o f  treble superphosphate/acre are to  be applied once fo r  every ro ta tion  at the early stages 

o f  g row th  o f  the plant crop o r the coppice. In  most areas, application o f  potash may no t be 

necessary.

For the U m ikoa, Hanipoe, and Apakuie soil series, no lime is recommended. F e rtiliza tion  

is lim ite d  to  a nitrogen fe rtilize r, such as urea, w ith  applications o f  200 lb/acre fo r  U m ikoa, 

150 lb/acre fo r Hanipoe, and 100 lb/acre fo r  Apakuie.

For all soils at th is site, complete fe rtilize r 14-14-14 is to  be applied at the in it ia l p lanting 

in  band w id th  o f  about 6 inches along p lanting lines at a rate equivalent to  100 lb/acre.
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P U A ’A K A L A  SITE

No lim e is recommended fo r the Laumaia series, bu t 1 to  2 tons o f  CaCO j are recom­

mended fo r the Piihonua and Puu Oo series. F ertilize r recommendations call fo r 150 lb  o f  urea/ 

acre/year, 250 lb  o f  treble superphosphate/acre, and 100 lb o f  m uriate o f  potash/acre fo r  the 

Laumaia series. The recommendations are 200 lb o f  urea/acre/year, 250 lb  o f  treble superphos­

phate/acre, and 150 lb o f  m uriate o f  potash/acre in the Piihonua and Puu Oo soil series.

Again, as recommended fo r the soils at the o ther sites, the in itia l application at planting 

time is 100 lb o f  14-14-14 fertilizer/acre  in band w id th  o f  about 6 inches.

SO IL A N D  LA N D  D E G R A D A TIO N

Because most o f  the soils are situated on uplands w ith  slopes ranging norm ally from  6 to 

12 percent and as much as 20 percent, and because o f  the moderate to high amounts and inten­

sities o f  ra in fa ll, the removal o f  existing vegetation during land preparation and during the har­

vesting o f  the tree crops may lead to undesirable land degradation and erosion. Soil compaction 

o f  the sites may also be a problem and may lead to  restricted root growth as well as to  increased 

water ru n o ff and soil erosion.

As mentioned in Section (>, however, no a ttem pt w ill be made to remove the vegetation 

com plete ly from  the p lanting areas. The use o f  pasture grasses o r residual sugarcane is fu rthe r 

recommended. Tree p roduction  is based on staggered b lock p lanting and harvesting. Because the 

second and th ird  rota tions are by coppicing, it is expected that the degradation effects o f  land 

preparation w ill be kept to a m in im um  during ro ta tion .

Proper construction and design o f  roads are also very im portan t in erosion con tro l and the 

recommendations presented fo r roads, again in Section 6, must be fo llow ed. Furtherm ore, the 

prevailing practices o f  the .sugar plantations operating on sim ilar lands must be consulted; fo r 

example, field operations could be suspended during periods o f  excessive ra in fa ll, and the 

appropriate-sized-tractors o r equipm ent w ith  flo ta tio n  tracks can be used, especially in areas w ith  

th ixo tro p ic  soils. Studies have shown that when very heavy equipm ent is fitte d  w ith  tracks 

rather than rubber tires, soil compaction and com pressibility can be m in im ized, especially in 

th ixo tro p ic  soils.

Further advice o f  the Soil Conservation Service, USDA, should be obtained before build ing 

structures such as terraces and diversion ditches, o r in itia tin g  o ther soil conservation practices.
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Removal o f  most o f  the above-ground biomass (stems, branches, and leaves) during harvest 

operation precludes the recycling o f  certain nutrients. Thus, a fte r each harvest, the recom­

mended fe rtiliza tio n  given in  Table 3-5 should be fo llow ed . Because the actual amounts o f  the 

“ los t”  nutrients are unknown at this tim e, m od ifica tion  to  the fe rtiliza tion  program should be 

made as more research results on nu trien t removal and add ition  are obtained.

Water repellent surface soils exist now in areas planted in eucalyptus. Studies should be 

pursued to  determ ine the role o f  water repellent soils on water in f iltra t io n , percolation, and 

other physical properties o f  the soils.
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Table 3-0; Recommended Fertilizers and Fertilization Schedule

Site Soil Series
Pre-Establishment 

Crushed coral

(tons/acre)

Establishment ̂
14-14-14

(N-P2 O5 -K 2 O)

(lb/acre)

— Fertilizer-

Urea^

ry

-Maintenance----------
TSP^ Muriate of 

potash^ 
-Ib/acre/year-------- )

Kapa'au Kohala 1 100 200‘’ 250 150
.Ainakea 1-2 100 200 250 150
Niuli i 1-2 100 200 250 150
Kehena 1-2 100 200 250 150
Palapalai 0 100 200 0 0
Kahua 1-2 100 200 250 150
Manahaa 1-2 100 200 250 150

Kuka'iau Honokaa 1-2 100 200 250 0
Maile 1-2 100 200 250 0
Umikoa 0 100 200 0 0
Hanipoe 0 100 150 0 0
Apakuie 0 100 100 0 0

Pua’akala Piihonua 1-2 100 200 250 150
Puu Oo 1-2 100 200 250 150
Laumaia 0 100 150 250 150

^Fertilized in 6-inch bands.
^Urea (45-56 % N); first application 6 months after establishment; two additional applications at 

12 months and 18 months, each application 100 lb/acre.
^Treble superphosphate ( 46 % P2O5)  and muriate o f  potash (60-62% K 2 O ), respectively; application after

6 months and at beginning of each rotation.
**Nitrogen fertilizer will be deleted if leucaena is planted on Kohala soil series (i.e., below 1000 ft.)

Source: Y.N. Tamimi



Section 4

SO CIAL A N D  B IO LO G IC A L  EN V IR O N M E N T 

Impacts and Effects o f  a Nursery and Tree Plantations 

P. Canan, S. Siegel, J. Melrose*

This section assesses the environm ental (social and b io log ica l) impact o f  establishing and 

operating a tree nursery and several p lantations at designated sites on the Island o f  Hawaii 

(Section 2). The creation o f  a nursery capable o f  supplying 10 m illion  seedlings annually, and 

the laying out. p lanting, and harvesting o f  more than 45.000 acres o f  biomass [)lan tation are the 

activities considered.

SO CIAL

An assessment o f  social effects and impacts can be made fo r each com m un ity  by using an 

already developed model (Figure 4-1). Social effects w ill be e ither prim ary (em ploym ent and 

popula tion  changes), or secondary (com m unity  services and facilities, social structure, social w e ll­

being). O n ly prim ary effects are predicted here because fu rthe r study and analysis are required 

fo r  the other.

VA LU E S , INTERESTS, A N D  A T T ITU D E S

For the purposes o f  this p re lim inary study, expressions o f  com m un ity  in ten t found in 

recent planning documents were used as indications o f  existing com m unity  values, interests, and 

attitudes. Three relevant county platm ing documents Hawaii C ounty General Plan, lh 7 l .  

Northeast Hawaii Com m un ity  Development Plan, 1979, H onoka ’a Urban Design Plan and four 

unadopted planning d ra fts -K o ha la  C om m unity  Development Plan, Laupahoehoe R ural Design 

Plan, Waimea Design Plan, Hawi-Kapa’au Design Plan were reviewed.

The Hawaii C ounty General Plan lists three m ajor goals; development o f  an econom ic 

system tha t provides residents w ith  opportun ities  to  improve the qua lity  o f  life ; orderly  econo­

m ic development and improvement in balance w ith  the physical and social environm ents; and 

economic stab ility .

C om m unity development and urban design plans express sim ilar desires, bu t address 

county planning issues on a regional basis, a ttem pting  to  integrate C ounty General Plan goals and 

objectives in to  more specifically defined reg iona l/com m unity  units. Most plans lis t jobs and 

diversified agriculture as desirable, and the biomass p lanta tion  seems to  fu lf i l l  bo th  o f  these. 

There could be debate, however, about how  diverse tree and sugar p lantations are from  one 

another, especially as preceived by the com m unity .
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There has been repeated expression o f  com m un ity  concern fo r  the preservation o f  existing 

native forests. A  pub lic  survey, 1975, indicated tha t the residents value and wish to  p ro tect the 

environm ent in  w hich they live. When asked to  choose one p r io r ity  item , 32.8 percent o f  the 

respondents indicated the need “ to preserve natural beauty and con tro l p o llu tio n .”  This was the 

number tw o  response, fo llow ing  “ econom ic development and new jobs .”

Most o f  the plans express concern over the red is tribu tion  o f  housing, a circumstance 

closely connected w ith  the fu tu re  o f  the sugar industry. H onoka ’a, Papa’aloa, and Laupahoehoe, 

fo r  example, may have a surplus o f  housing units soon, bu t these could be filled  i f  and when nur­

sery and p lanta tion  operations begin fo r th is pro ject. Public services on the Hamakua Coast are 

generally adequate, and in  some areas like  Laupahoehoe, educational and recreational facilities 

can accommodate more patrons. L ikew ise, tlie  H onoka ’a hospital is underutilized. Emergency 

and fire  p ro tection  services in th is area are de fic ien t, however, and pressure to  supply these ser­

vices may be increased by the in itia tio n  o f  the project.

The Waimea area, a like ly  loca tion  fo r a syn the tic  fuels p lant (no t addressed in  this report), 

is already changing and growing. Accord ing  to  the design plan, the tow n o f  Waimea sees itse lf as 

a ranch tow n w ith  a valued rural ambiance. I t  is also becoming an increasingly valuable place to 

own land and an attractive location fo r  new, often w ea lthy, residents. A ny industria l develop­

m ent, therefore, w ill p robably be greeted co ld ly  by some members o f  the com m un ity . A n  addi­

tiona l concern in Waimea is the ava ilab ility  o f  water fo r  new developm ent; any large use o f  water 

w ill compete w ith  existing residential and agricu ltu ra l uses.

P R IM AR Y SO C IAL HLFECTS

A lthough  the site o f  the processing plant has not ye t been determ ined, i t  has been sug­

gested that i t  be located on the Mana Road, far enough away from  the tow n  o f  Waimea to be 

m in im a lly  obtrusive. The ch ipping m achinery used in  harvesting is no isy; more than 90 decibels, 

1000-2000 hZ , at close range. I f ,  however, chipping occurs in  the fie ld  on ly  during weekday day- 

lig lit  hours, the com m un ity  w ill not be adversely affected by the noise. I f  the chips are trans­

ported to the plant on a 24-hour/day schedule, though, as is being planned, truck  tra ffic  around 

Waimea w ill be significant.

P lantation Site 1, Kapa’au, is close to  residential areas and the operations would  be visible 

to  the com m un ity , eventually becoming p a r t-o f th e ir da ily  lives. Site I I  (K u ka ’iau) and Site I I I  

(Pua’akala), on the o ther hand, are located fa r enough from  existing settlements so tha t the 

com m unities would  suffer litt le  from  p lan ta tion  activ ities, b u t w ou ld  s till gain in  em ploym ent 

opportun ities .
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Figure 4-1:

General Social Impact Assessment And Management Model
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TABLE 4 -1 :  RECENT HISTORY, LAND USE, AND SOCIAL IMPLICATIONS OF BIOMASS PRODUCTION FOR IMPACTED DISTRICTS

District Recent History Present Land Acreage 
and Use

Project Activities Possible Social Effects

North Kohala
Hawi 
Kapa'au 
Halaula 
Makapala 
Niuli

(Census 
Tract 218)

Historically isolated sugar comaunity 
Plantation closed 1975 
Economic depression 
New jobs developing as a result of 

South Kohala tourist industry 
development 

Population growth from 1970 to 1980, 
+ 8 . 8%

1980 population: 3,620

Total acres: 79,595
Ex-sugar lands now in 

pasture 
Macadamia nuts 
Aquaculture 
Residential

Planting 
Maintenance 
Harvesting 
Forestry operations: 

planting 
maintenance 
harvesting 
chipping 

Heavy trucking

New jobs in biomass production 
Noise, dust, and increased traffic 
Loss of land for alternative 

agricultural/grazing purposes 
Daily contact with tree plantation 

operations 
Existing public services utilized

■twcn

South Kohala
Waimea
Kawaihae

(Census 
Tract 217}

Ranching town
Developing business/commercial 

center of North Hawaii 
Hawaiian Homesteads 
Population growth from 1970 to 1980, 

99.4%
1980 population: 4,607
Limited water availability 
Major resort development on west 

coast
Deep draft harbor facility at 

Kawaihae underutilized

Total acres: 171,219
Cattle grazing 
Residential
Diversified agriculture 
Resort development 
Commercial

Planting 
Maintenance 
Harvesting 
H ea vy trucking

New jobs in biomass production 
and processing 

Increased business activity 
Continued population growth 
Increased truck traffic and noise 
Increased utilization of public 

services

Hamakua/
North Hilo
Pa 'auilo
Kukuihaele
Honokaa
Laupahoehoe
Papaaloa
Ookala

(Census
Tract 219-221)

Sugar communities 
Decreased employment due to 

mechanization 
Cattle raising in mauka regions 
Intermittent forestry and maca­

damia nut production, operations 
Population growth from 1970 to 1980, 

4.5%
1980 population; 6,825

Total acres: 570,185
Sugar
Macadamia nuts 
Pasture 
State forests 
Residentia;

Nursery operations 
Forestry operations 

in remote areas 
i.e., planting, 
maintenance, har­
vesting, chipping, 
and transportation

New jobs in biomass production 
Increased business activities 
Population increase 
Existing public services utilized



In  general, the pro ject is expected to  improve the em ploym ent s ituation o f  the island (6.7 

percent unem ploym ent, 1980) w ith o u t requiring drastic shifts in  occupational skills. The em­

p loym ent increase w ill be both  d irect and ind irect and w ill vary in each com m unity . Both the 

N orth  and South Kohala regions, fo r instance, face popula tion  increases caused by tourism  and 

related development. While a biomass p lantation would  probably be acceptable to local residents 

now, resort growth may eventually absorb the available labor, causing a shortage o f workers in 

the area. That means that the comulative social impacts o f  tw o sources o f rapid change need to 

be considered.

D irect Em ploym ent

As presented in  Figure 4-2, approxim ately 90 employees w ill be required fo r the firs t 6 

years o f  the pro ject, increasing sharply to  about 330 fo r the duration  o f  the pro ject, an add itional 

18 years. The increase w ill be caused by harvesting and p lantation needs beginning in  the 6th 

year.

Only nursery operations, requiring relatively few employees, w ill experience m ajor cyclical 

variations: 50 percent o f  the lesser skilled workers w ill be laid o f f  by the 7 th  year and a fu ll com­

plement o f  personnel w ill be required again at year 18. I f  opportun ities  fo r using the nursery and 

personnel fo r o ther purposes during this 12 year period are found, the potentia l problem would 

cease to  exist.

Security guards, some repair shop personnel, and chip hauling crews probably w ill w ork in 

round-the-clock shifts. Most o ther jobs w ill be carried ou t on a regular 5-day w ork week. The 

s im ilia rity  o f  agricultural w ork in th is project w ith  that o f  the sugar and pineapple industry sug­

gests pressure from  organized labor to secure comparable w ork ing  conditions.

Ind irect Em ploym ent

Using a standard m u ltip lie r o f  1.4 jobs created fo r each pro ject jo b , there w ill be an addi­

tiona l 216 jobs available fo r  years 1-6, and 792 fo r  the years thereafter. The m ajor em ploym ent 

stim ula tion  in the early years, obviously w ill be around the nursery, and increased em ploym ent 

opportun ities in  the p lanta tion  harvesting years w ill probably be in  the coastal comm unities o f  

the Hamakua D istric t.

Since d iffe ren t socio-demographic groups usually generate d iffe ren t economic m u ltip lie rs  

because o f d iffe ring  propensities to  save, varying purchasing patterns, and d iffe ring  loss o f  trans­

fer payment effects; a more integral approach to allocating jobs to  various demographic cohorts
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w ith in  the com m unity  is suggested. The m u ltip lie r process should be more fine ly  tuned w ith  

an analysis o f  the induced em ploym ent and jobs  and opportun ities  tha t subsequently develop. 

One such approach developed by Davis and Webster (1980) is represented in  Figure 4-3.

Figure 4-3. A  C om positional Approach to  Socio-economic Im pact Analysis

M u ltip lie rs ] 
(K l, K2, j 

U 3 ,  K4) /

Job
F it t in g

Job
F it t in g

D irect
Plus
In d ire c t
Employment

Induced
Employment

Public 
Sector 
Employment

Increase in 
Population 
Due to
In-m igration

Source: H. Davis and D. Webster, “ A  C om positional Approach to Regional Socio­
economic Im pact Assessment”  Socio. Econ. Plan. Sci. 15:159-163 (1981).

P R IM A R Y  SO CIAL IMPACTS

C om m unity Partic ipation

M ajor barriers to developments o ften  stem from  outsiders’ lack o f  knowledge o f  and sensi­

t iv ity  to  local conditions combined w ith  the developers’ propensity to  by-pass residents during 

the planning stage. Therefore, assessment o f  local cond itions and residents’ opinions o f the pro­

jec t are essential. In fact, the social impacts, the subjective evaluations o f  the consequences, re­

quire pub lic inpu t by d e fin itio n . Evaluation by the residents themselves w ill assist in  the devel­

opment o f  a mediation strategy fo r addressing com m unity  concerns.

We may suggest tha t positive recru itm ent and tra in ing  programs become part o f  th is pro­

jec t, thereby avoiding the inequitable s tra tifica tion  o f  laborers along e thn ic lines that has charac­

terized p lantation w ork in the past. R ecru itm ent and tra in ing programs would also insure that 

workers in  the area have opportun ities  fo r em ploym ent, thus lessening the need to  bring in o u t­

siders. The “ boom-bust”  syndrome, experienced in  the Kohala area when sugar plantations 

shut down, is a possib ility  w ith  th is endeavor as well. Frankness about th is possib ility  is essential 

so that residents may plan fo r  th e ir econom ic live lihood should one pro ject be discontinued after 

one generation. A d d itio n a lly , a tree p lanta tion  would represent the substitition  o f  a single eco­

nom ic base fo r another and may no t be the d iversifica tion residents desire.

Summary

In  spite o f  some increases in noise, tra ff ic , and popu la tion , i t  is predicted tha t the social 

effects w ill be m ainly positive, especially i f  the com m unity  is involved w ith  the planning. A

48



summary o f  the social im p lica tions o f  biomass p roduction  fo r the region is presented in  Table 

4-2.

Table 4-2 : S ignificant Prim ary Social E ffects

1. Increase in  labor demands compatible w ith  local skills.

2. O p p o rtu n ity  to  pursue active tra in ing programs such tha t past inequitable e thn ic s tra tifica tion

o f  p lanta tion  labor need not be repeated.

3. A dd itiona l jobs created by ind irect and induced em ploym ent.

4. Increase in  heavy truck tra ffic .

5. Population increases requiring planning fo r  pace and style o f  com m unity  development in  har­

m ony w ith  residents’ values.

6. O ppo rtun ity  to  enhance nearby residents’ a b ility  to  fu lf i l l  labor requirements, reducing the

need to  im p o rt labor.

7. O p p o rtu n ity  to plan ahead fo r possible biomass p lanta tion  shutdown.

8. O ppo rtun ity  to involve residents and com m un ity  organizations in  development planning and

m itigation  o f  undesirable social effects.
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PH YSIC AL

This assessment o f  physical impacts and effects on the environment o f  a tree nursery and 

p lantation includes evaluations o f  air, soil, and water q ua lity . No adverse impacts are anticipated 

during any phase o f  the pro ject, bu t careful and continued m on ito ring  are recommended as pro­

tective measures.

NURSERY

One reason nursery establishment and operation can be considered environm enta lly benign 

is tha t all activities are done on a small scale. Even potentia l problems caused by th is smallness 

are easily avoided. Over-shooting during spraying, fo r  example, can be contro lled by establishing 

a safe zone around the nursery that is e ither kept clear o f  vegetation through mechanical means 

or planted w ith  herbicide resistant ground cover. Throughout nursery operations, pesticide appli­

cations should be h ighly site specific. I f  any concern about pesticides entering the ground water 

system and changing the water chemistry exists, a run o f f  collection system could be developed 

to  prevent any hazard whatsoever.

One other possible problem  o f  the nursery operation is that elevated n u trien t levels in the 

substratum (ground water and soil) caused by the use o f  fertilizers could stim ulate the growth o f 

certain weeds as well as the grow th o f  trees in  the area. Slow-release fe rtilize r, however, could 

m itigate such concerns by keeping nu trien t levels at low  concentrations.

A  possible bio-ecological risk o f  the nursery operation is the upset o f  p lant, b ird , and w ild ­

life  habitats. Care must be taken to  insure that there are no endangered species in  the area.

Containm ent also can be a concern during nursery operations. No m atter what p lant is 

grown, i f  it  is closely related to  native species in the surrounding areas, gene flo w  can be a threat. 

A  barren o r sterile zone is indicated as a so lution.

P LA N T A T IO N

During p lanta tion  site preparation, air problems caused by tu rb id ity  may arise as a result 

o f  dust or burning rubble. T u rb id ity  caused by dust in the air is a possible problem  during 

p lanta tion  operation also. The amount o f  dust can be m in im ized, however, through standard 

w etting  down practices, and the period o f  rubbish burn ing can be kept short to e lim inate any 

significant problems.

Erosion problems, possible at the Pua’akala site i f  at all, can be elim inated by shallow 

terracing.
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During site preparation, no contam ination o f  water qua lity  is anticipated, bu t the in tro ­

duction  o f  pesticides in to  ground water may present a hazard during p lantation maintenance. I f  

readily bio-degradable products such as Sevin and Glyphosate are used, th is hazard w ill be e lim i­

nated.

As w ith  the nursery, fe rtiliza tio n  may stim ulate the grow th  o f  weeds and exotic  plants 

w hich could eventually escape the p lanta tion  and cause problems in  more sensitive surrounding 

areas. F ertilize r, then, should be spread w ith  care to  avoid an increased need fo r herbicides to 

con tro l the resulting weed grow th.

I f  there is a chance that endangered species o f  plants and animals can be harmed during 

nursery construction, there is even more o f  a chance o f  th is during p lantation site preparation 

and road build ing. Careful assessments o f  the areas w ill have to  be made before site preparation.

H AR VE STIN G

M ajor environm ental impacts during harvesting w ill be created by the noise and dust o f 

chipping and transporting. Dust can be abated by hosing o r spraying, though, and the noi.se is 

p rim arily  a workplace problem , like ly  to affect the local com m unity per se on ly  at the Kapa’au 

site, i f  at all. The noise level, however, should be m onitored.

SPECIAL CONCERNS 

Baseline

Open areas w ith  a h is tory o f  use as cane fields or pastures w ith  some existing stands o f 

eucalyptus, require no special a ttention. O h i’a forest areas, however, should be le ft untouched 

and examined fo r  rare, threatened, o r endangered species. Gullies and small ravines o ften harbor 

native, re lic t forests, and are w etter, shadier, and quieter to  some degree than patches on high 

ground. Therefore, they are the last habitates fo r  rare birds, animals, and plants; they should be 

surveyed and inventoried p rio r to  any operation in  the v ic in ity .

M on itoring

The ground water m on ito ring  program fo r  pesticides and fe rtilize r contam ination can be 

phased down to  yearly testing after the firs t complete test series proves negative. I f  the results 

are positive, though, more careful surveillance is required. A ny  wells no t drawing upon basal 

water should be tested fo r  n itra te  and pesticide organic chlorine.
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Biomass Waste Disposal

Biomass waste should be recycled in to  the land to  reduce somewhat the depletion o f  soil 

nutrients in  nursery and p lanta tion  areas.

Possible Eucalyptus Problems

Drs. O tto  and Isa Degener have called o u r a tten tion  recently to  some aspects o f  eucalyptus 

tree farms w hich require a ttention. Fire resistance, the a b ility  o f  eucalyptus to  regenerate 

qu ick ly  a fter disasters, the ir flammable and to x ic  oils content, and frequent eucalyptus forest 

fires in  Australia, New Zealand, and Tasmania were listed by the Degeners as being the undesir­

able aspects o f  wide-scale eucalyptus plantings.

Whether o r no t these concerns apply to the Big Island, and whether or n o t they should 

affect any decisions to  p lant eucalyptus tree farms have yet to  be determ ined. Based on preli­

m inary in fo rm a tion , however, it  is recommended tha t add itional study be done, includ ing re­

search in to  the Big Island’s eucalyptus fire  h is tory, provided large enough stands can be located.

■^The authors would like  especially to  thank M r. John G ilbe rt, East-West Center Resource Sys­

tems In s titu te , fo r  his con tribu tion .
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Section 5 

NURSERY 

Establishment and Operation 

R.G. Skolmen, T .D . K ing, H .H. H oriuch i

This section outlines the location, design, operation, and financ ia l requirements o f  a nursery capable 

o f  supplying the seedlings needed to stock 7,800 acres o f  p lanta tion  per year a t a rate o f  1,210 trees 

per acre. This nursery w ould  have to be in operation 5 to 6 m onths before tree p lanting  could be­

gin. During the f irs t  6 years, the proposed energy tree p lanting w ill require over 10 m illion  m ixed  

tree seedlings per year. The nursery needed is about three times as large as the largest one existing  

in the state now.

LO C ATIO N

The most im portan t requirem ent o f  a large tree nursery is a constant, assured supply o f 

water. 'Fhe location near the lands to  be planted that appears most suitable is in the v ic in ity  o f 

Honokaa. A  well can be drilled  there at reasonable cost and, in  add ition , seedlings w ill grow rapid ly 

because o f  the warmer average temperature o f the low er elevation. A t the proposed nursery site, 

Ahualoa (elevation about 1,500 feet), it  is cu rren tly  possible to  purchase suitable land at a reason­

able cost.

DESIGN

It  has been determ ined by numerous tests that the tube container nursery system is best 

fo r the tree species selected. The particu la r tube conta iner system chosen governs the design and 

si7.c o f  the entire nursery. Two possible tube systems, bo th  in use now in  Hawaii, were compared to 

determ ine the ir cost differences before selecting one.

The systems compared were the Leach Pine Cell and Leach Tray used by the BioEneigy 

Development C orporation and the Hawaii D ibb ling  Tube used by the Hawaii D ivision o f Forestry 

and W ild life . I t  has not been proven at th is  tim e, bu t it  appears that the D ibb ling  Tube system 

produces eucalyptus seedlings tha t have a sligh tly higher survival potentia l than the Leach Cell sys­

tem. This is largely because the seedlings are spaced more precisely to  accommodate eucalyptus 

leaf area and the tube is larger, p e rm itting  a larger roo t mass.

Despite this, the Leach Pine Cell was chosen because o f  the considerably higher cost o f  using 

the D ibb ling  Tube system. Use o f  the D ibb ling  Tube system would require an add itiona l acre o f 

land, one add itiona l greenhouse, higher priced pallets, and a larger irriga tion  system, resulting in a 

cost increase o f  about $95,000.
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The nursery has been planned to have the capacity to  produce 10.4 m illion  ssedlings pei year, 

more than enough to p lant 7,800 acres per year at a rate o f  1,210 trees per acre (6 f t  x 6 f t  spacing). 

I t  w ill be possible to  hold seedlings in  the nursery fo r up to  4 m onths in  the event drought prevents 

planting.

The species grown w ill be Leucaena leucocephala, E. grandis, E. saligna, and E. globulus. The 

three eucalypts w ill be grown on the same schedule. The leucaena w ill have sligh tly  shorter green­

house and grow th  period requirements and w ill also require a m od ified  seeding device. These are 

m inor concerns tha t w ill not s ign ifican tly  affect the costs or procedures outlined  here.

The physical p lant w ill consist o f  a 7-acre, nearly level, rectangular land area containing the 

buildings and growing area. This fenced area w ill contain a 3-bedroom caretaker’s home, an o ffice / 

storage/lunchroom build ing , a headhoiise used fo r container loading equipm ent and fo r storage, 

eight 40 f t  X 120 f t  steel-pipe framed greenhouses, a small pumphouse, a 4-acre paved, irrigated 

seedling growing/hardening space, and surrounding unpaved storage space. The fenceline area w ill 

be pleasantly landscaped and w ill have a dense w indbreak o f  trees and shrubs on its  w indward sides. 

Water w ill be supplied by a well d rilled  on site, or a lternative ly by the C ounty Water Board i f  a con­

stant supply can be guaranteed.

There w ill be tw o 4 x 4  p ickup trucks, one 2-1/2 ton  flat-bed truck , one large tractor truck 

w ith  a 9 f t  X 9 f t  X 30 f t  van tra ile r, and tw o small fo rk lifts .

The s ta ff w ill consist o f  a manager, a supervisor, a nurseryman, a technician, a truck driver, 

an e lectric ian/plum ber, a c lerk-typ is t, 2 fo rk li f t  operators, 7 laborers, a caretaker who w ill live on 

site, and a n ight watchman. Employees w ill w ork norm al 40-hour weeks except the e lectrician/ 

plumber, who w ill w ork 6-hour days, and the caretaker, w ho w ill w ork weekends w ith  days o f f  

during the week. Salaries and wages are based on those current fo r sim ilar jobs in  the H ilo  area.

O PERATIO N

Seedlings w ill be grown in polyethylene tubes o f  roo ting  medium fo r periods o f  4 to  5-1/2 

months and then transported to  the fie ld  fo r p lanting. This operation involves several steps; plac­

ing tubes in  plastic trays (racks) fo r  support, f i llin g  tubes w ith  roo ting  m edium , seeding the filled  

tubes, placing gravel on top o f  the seeds, placing the tubes in  greenhouses fo r germ ination and early 

growth fo r 6 weeks, m oving the tubes to  an ou tdoo r grow ing space fo r 3 to  4 m onths, hardening the 

seedlings fo r  p lanting by w ithho ld ing  fe rtilize r, loading the seedlings w ith  tubes and trays in to  a van, 

hauling to  the fie ld , and retu rn ing  the em pty tubes and trays to  the nursery where they are steri­

lized and readied fo r the next crop. More specific details fo llow .
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Seeds w ill be purchased from  commercial sources at these approxim ate prices: Leucaena 

(8,000 seed/lb) $50 /lb , E. saligna and E. grandis (1,000,000 seed/lb a fter cleaning and pelletiz ing) 

$ 1 10/lb , and E. globulus (300,000 clean seed/lb) $50/lb . E. saligna and E. grandis seed w ill be 

purchased in  lots o f  120 lb  o f  uncleaned seed. They w ill be cleaned at the nursery and shipped to  a 

pelletiz ing company. E. globulus w ill be purchased in one lo t o f  360 lb , and, because the seeds are 

large enough fo r mechanical seeding, they w ill be cleaned b u t no t pelletized. A  6-year supply o f 

seed w ill be stored in  the refrigerator in  sealed containers. The leucaena seeds w ill be scarified w ith  

su lfu ric  acid before sowing and the media fo r  leucaena w ill be inoculated w ith  rhizobia. Procedures 

fo r these processes are outlined in the H N EI pub lica tion , G iant Leucaena Energy Tree Farm, 1980.

A specially constructed Hat til le r  and precision seeder, already manufactured by a few con­

tractors, w ill be used fo r m ix ing  planting m edium, fillin g  and compacting medium in the tubes, 

sowing seed, and covering the tubes in the trays w ith  gravel. The medium used w ill be 2:1 vermi- 

cu lite : peat. The f illin g  and loading machine and its auxilia ry equipm ent w ill be operated by 7 

employees.

The Leach Pine Cells and Trays last about 3 years, so they w ill be com pletely replaced once 

during the firs t 6 years o f  operation. The tubes, inc lud ing  shipping, w ill cost $0.04 each and the 

trays $5.00. These prices are very nearly the same fo r the Hawaii D ibb ling  Tubes.

A fte r  loading and seeding, the trays o f  tubes w ill be placed on 4 f t  x 4 f t  wooden pallets (8 

per pa lle t) and set ou t in the greenhouse by fo rk l i f t  trucks. The pallets w ill be supported on con­

crete blocks both in the greenhou.se and la ter in  the ou tdoo r growing area and arranged in rows w ith  

2 ft w ide access aisles between them. An overhead irriga tion  system in the greenhouse w ill be used 

fo r both water and liqu id  fe rtilize r as needed. The greenhouses w ill be steel-pipe construction, 

roofed w ith  “ clear”  Tedlar-coated polyester roo fing , a material w hich transm its about 50 percent 

o f  ambient ligh t. The seedlings w ill germinate and be kept in  the greenhouse fo r 6 weeks.

A fte r  6 weeks, the pallets o f  seedlings w ill be moved to  the 4-acre seedling growing/hardening 

area where they w ill be set o u t in rows on concrete blocks as in  the greenhouses. Irriga tion  and 

liqu id  fe rtilize r w ill be supplied by overhead sprinklers. Species w ill be separated so that they may 

receive d iffe ren t watering and fe rtiliz ing  regimes. Solenoid valves and several fe rtilize r in jection  sta­

tions w ill be used to  con tro l the varying water and fe rtilize r requirements.

I f  tests now  underway at the B ioEnergy Development C orporation so indicate, i t  may be 

possible to  m ix  fe rtilize r d irec tly  in to  the roo ting  medium in  the amounts required fo r hardening- 

o f f ;  the fe rtilize r w ill be used up at the end o f  the grow ing period. Because grow th  in  the ou tdoor
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area w ill vary th roughout the year w ith  ambient ligh t, temperature, and ra in fa ll, however, i t  is now 

safer to  plan on the liqu id  fe rtilize r system w hich provides more effective contro l.

A fte r  approxim ate ly 4 m onths, hardened seedlings w ill be ready fo r p lanting. The pallets o f  

seedlings w ill be carried by fo rk l i f t  to  the van tru ck  w hich w ill carry the seedlings to  the fie ld . The 

tra ile r w ill be a 9 f t  x 9 f t  x 30 f t  van, specially constructed to  hold up to 600 trays on shelves w ith  

space fo r 1 f t  ta ll seedlings. Seedlings w ill be loaded (s till in trays) by tw o  men w ith  the aid o f  the 

fo rk lif ts  and w ill be removed by tw o men at the p lanting site.

Seedlings w ill be removed from  the tubes by a crew at the p lanting site. I t  is hoped that a 

mechanical device can be developed to  perform  th is time-consuming chore. Once the seedlings 

are removed, the tubes w ill be returned to  the trays, and then to  the van.

I t  is suggested that the seedlings be carried to  the p lanting machine on polyethelene sheets in 

manageable size lots. When hand p lanting is done, the tubes can be kept on the roots u n til jus t 

before planting and later returned by the tree planters to  a central location.

A fte r  they are returned to  the nursery, the tubes, s till in  the trays, w ill be washed in a vat o f  

10 percent c lorox, rinsed o f f  w ith  a hose, and returned to  the headhouse fo r re-use in the next crop.

SCHEDULING

I t  is suggested tha t the nursery be started about 6-1/2 years before the synfuels p lant so thal 

p lanting can begin about 6 years before the p lant requires a constant supply o f  biomass.

The nursery is intended to  run at fu ll capacity fo r  6 years. Early in  the 7 th  year, a fte r a 

su ffic ien t am ount o f  harvesting o f  the firs t crop has been done to  indicate how much re-planting 

w ill be required to  replace noncoppicing stumps, the size o f  the nursery w ill be reduced. I t  is esti­

mated that the nursery w ill operate at between 20 to  50 percent o f  capacity fo r  the remainder o f  

the pro ject term .

I f  20 percent o f  the stumps don ’t  coppice, 2,100,000 seedlings per year w ill be required to  

replace them. During the second coppice ro ta tion , a larger percentage o f  stumps w ill no t coppice, 

so nursery capacity w ill have to  be increased to  m aintain the necessary p roduction . I f  a th ird  

coppice ro ta tion  is sought, the nursery w ill have to be brought back to  about 70 percent o f  o r i­

ginal capacity at the end o f  18 years. This w ill a llow  replanting o f  the many dead stumps.
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Therefore, the nursery would be simply scaled back, but kept well maintained during the 

slack period. It may be possible to remain at nearly full production by supplying trees to other 

outlets or producing ornamentals. For financial planning, we suggest a 50 percent reduction in 

material and labor costs from year 7 to year 18.

VEGETATIVE PROPAGATION

Recent work in Brazil, Australia, and Florida has indicated that many eucalypts can be 

grown from rooted cuttings, thus permitting mass propagation of superior clones. So far this has 

not been done in Hawaii, but if  it proves possible, the nursery system presented here can be modi­

fied to carry out vegetative propagation rather than raising seedlings.
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Above, eucalyptus plantings, and below seedlings at C. Brewer and Co. 's eucalyptus nursery, bo th  

on the Big Island.
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Table 5-1: Nursery Establishment Costs

Cost
(Dollars)

Life
(Yr)

I. Site Preparation:
A. Paving 5 acres 1,089,000 20
B. Landscaping 2 acres 1,000 20
C. Fencing 7,200 12
D. Windbreak 2,000 20+
E. Land cost of 7 acres @ $18,000/ac 126,000

11. Building and Structures:
A. Caretaker residence

(3 bedroom w/1-1/2 bath)
60,000 20

B. Operations building, 30' x 100' 100,000 20
C. Headhouse, 40' x 100' 150,000 20
D. Eight greenhouses, 40' x 120'

(prestanding metal structure with 
fiberglass roofing)

200,000 20

Fiberglass roofing replacement at the 
end of 10 years 50,000 10

III. Fleet Equipment and Vehicles:
A. Two 3/4-ton 4-wheel drive trucks 

@ $11,500 23,000 5
B. 2 1/2-ton flatbed truck 35,000 5
C. Truck tractor with trailer 

9' X 9' X 30' trailer 100,000 10
D. Two forklifts, $20,000 each, 2000-lb

capacity 40,000 12

IV. Irrigation:
Total well development cost at $200/ft 

well depth 1500 ft 
(Alternately county water--see 
Annual Material Cost)

300,000

B. Greenhouse irrigation
1. Installation and materials for 

8 units 20,000 10
2. Irrigation control unit, minimum 

20-station unit 1,000 10
3. Fertilizer injector (small unit) 1,200 10

C. Growing and hardening area
1. Irrigation and materials for 

8mm seedlings 28,400 10
2. Irrigation control unit, minimum 

30-station unit 1,800 10
3. Fertilizer injector (large unit) 1,800 10
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Table 5-1: Nursery Establishment Costs (con't.)

Cost Life
(Dollars) ( Y r )

Typewriter

Nursery Equipment:
Flat filler, seeder, grit coverer 100,000 10
Vacuum seed cleaner 1,000 i n

Tables and roller conveyor system, 100-ft 4,500 10
Balance (scale) 1,200 10
Refrigerator 1200 10
Hollow tile blocks (40,000 tile @ $.75) .50,000 10
Pallets (10,250 pallets P $25.00) 256,250 -S
Calculators 500 10
Desks (3 desks P $400.00) 1,200 20
Reference material 4,000 20
Sterilization equipment 3,000 10
Miscellaneous equipment ($l,670/yr) 10,020
Container cells and trays

Leach Pine Cells (8,200,000) 656,000
@ $.04 1st year 328,000 
and 4th year another 328,000

Leach TRays (82,000) 820,000
@ $5.00 1st year $410,000 

and 4th year another $410,000

()

650 10
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Table 5-2: Annual Nursery Material and Labor Costs

Dollars/Year

I. Annual Material Costs:
Seed requirement

1. t. Saligna 2,200
2. E. Grandis 2,200
3. E. Globulus 2,400
4. Leucaena spp. 10,700

Pelletized seeds ($600 per lot)
1. E. Saligna 100
2. E. Grandis 100

Seed cover (gravel) 2,000
Peat moss and vermiculite 75,000
Insecticide/Fungicide 1,200
Sterilant 1,000
Fertilizer 5,000
Herbicide 1,500
Office equipment rental
Telephone and charges 800
Xerox machine 1,800

Electricity 10,000
Motor vehicle maintenance 45,000
Oil and gas 25,000
Water, alternative to well on property @ $.50/1000 gal 22,550
Maintenance:

Building 500
Grounds 500

II. i.abor costs:
1 Manager
1 Operation su])crvisor 
I Nurseryman 
1 Technician
1 Electrician/Plumber ($15/hr for 6 hr/day) 
1 Truck driver ($7.50/hr)
1 Clerk/typist
2 Forklift operators ($4.00/hr)
7 General laborers ($3.50/hr)
1 Watchman
1 Caretaker (housing provided)

30.000
24.000
20.000  

20,000  

22,500
15.000 
8,500
16.000
49.000
10.000  

10,000
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Section 6 

P LA N T A T IO N  

Land Preparation, P lanting, and Management 

R.J. Van Den Beldt, V.C. Aguiar, S.C. Miyasaka, E.J. Sprague

This section discusses tree spacing, preparation, and p lanting  fo r  the 55,000 acres o f  land recom­

mended by th is study. Labor and machinery expenses fo r  land preparation and p lanting  arc 

estimated fo r  the Kapa’au, Kuka'iau, and Pua’akala sites at $65, $79, and $S1 per acre respective­

ly. F ertilize r costs are pro jected to be $58 to $134 per acre fo r  the 6-year ro ta tion , dependin.e 

upon so il type. Road systems, coppice management, p lan ta tion  pro tection , and maintenance a n d  

labor are treated in detail.

G E N E R AL CONSIDERATIONS

The to ta l acreage suitable fo r tree plantations is broken by natural boundaries in to  three 

noncontiguous sites. A b ou t 15 percent o f  th is land w ill be set aside because o f  environmental 

reasons, steep slopes, or unfavorable growing conditions. The remaining to ta l p lanting area is 

46,458 acres. Cropping is based on an 11-month per year fac to ry  operation. Farm activities 

w ill be carried out on an 8-hour, 40-hour week basis, and labor costs are estimated at $10 per 

hour.  ̂ W ith  a 6-year average crop ro ta tion , i t  is expected tha t about 7,800 acres w ill be planted 

and harvested per year, o r about 33 acres per day. Cost figures fo r th is section are based largely 

on operating figures fo r a h igh ly mechanized 35,000-acre sugar p lantation in the v ic in ity  o f  the 

K uka ’iau site.

Production schedules and requirements are based on a strip-planting and harvesting con­

cept w ith  alternate areas being harvested in alternate years to  help contro l erosion and to  m in i­

mize w ind th row  o f  developing coppice stems.

Road construction operations w ill start one year in advance o f  land preparation. Once 

heavy earth moving fo r roadways is perform ed, some machinery w ill be transferred to  the fie ld 

operations. The land preparation schedules w ill vary w ith  the least d if f ic u lt  sites being prepared 

firs t. A  site such as Pua’akala wUl take longer because i t  is w e tte r; i t  w ill be prepared later. Plant­

ing w ill closely fo llow  land preparation in  most cases.

^Union scale (ILW U ) through January 31, 1982 was $6.09 per hour. Grade I, and $8.25 per 

hour. Grade I I .
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PR EPAR ATIO N  A N D  P LA N TIN G

It  is expected tha t site preparation costs w ill be low  overall. This is pa rtly  because no 

a ttem pt w ill be made to  com pletely remove vegetation from  p lanting areas fo r  econom ic and 

soil conservation reasons. Pasture grasses and residual cane w ill be fla ttened, p lanting lines cut, 

and areas between rows treated w ith  suitable herbicide, fe rtilize r, and lim ing  rates.

Preparation costs at the d iffe ren t sites are h igh ly dependent on parameters such as vege­

ta tion , slope, presence o f  rocks, and ra in fa ll. Costs range from  about $56/acre in the Kapa’au 

region to  over $90/acre at the Pua’akala site. These costs could be partia lly  o ffset by commer­

cia lly harvesting existing w oody vegetation (m ostly  koa, ohia, and eucalyptus), estimated at 

approxim ate ly 40 green-tons per acre in  certain areas. Presumably, the tim ber could be felled by 

subcontractors fo r veneer (as in the case o f  koa) o r woodchips fo r e ither energy or pulp (as w ith  

eucalyptus and ohia). No reliable estimates exist, however, fo r th is residual tree cover, so no 

e ffo rt w ill be made to incorporate such figures in to  the calculations here.

The tim e required fo r land preparation also w ill vary. Wet sites such as Pua’akala w ill 

be cleared w ith  flo ta tio n  track DC-6s, and w ill require a m onth  o f  advance tim e fo r preplanting 

operations.

Equipm ent needs fo r  the d iffe ren t sites also are variable, as shown in  Table 6-3. Total 

equipm ent costs fo r land preparation are found in Table 6-1. A b ou t 33 acres w ill be prepared 

each day during the 6-year establishment period to  keep ahead o f  e ffic ien t p lanting machines. 

H ourly  operating costs fo r machines are presented in  Table 6-2.

Land preparations w ill require a D6 o r D9 track-type trac to r fo r  leveling and removing 

large obstructions, and fo r perform ing  necessary soil erosion berm construction. A  wheel trac­

to r w ill be used to  broadcast herbicides. On the Kapa’au leucaena site, wheel tractors w ill broad­

cast lime shortly  before planting. On the Kapa’au, Kaka’iau, and Pua’akala eucalyptus sites, a D7 

trac to r w ill be used to  line the fields and to  apply fertilizers in  the lines. A  4-line planter w ill 

fo llo w , p lanting trees on a 6 ft  x 6 f t  spacing, roughly 1,210 trees per acre. A n  in ter-row  high- 

and-wide trac to r w ill apply herbicides when the trees are 5 to  6 f t  high. A pprox im a te ly  20 men 

w ill be employed year round on land preparation and p lanting operations a fte r the start o f  the 

second year.

The 4-line tree planters w ill be modeled a fte r existing cane-piece planters used by the local 

sugar companies. Tw o o f  these machines w ill be able to  p lant 33 acres per day.
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Table 6-1 Estimated Equipment Requirements and Costs

EQUIPMENT COSTS

2 07 Track-type Tractors, Rippers w /F e r t i l i z e r  $ 410,000
attachment 0 $205,000

2 06 Track-type Tractors w/disc harrow @ $155,000 310,000

2 Wheel Tractors to broadcast Herbicide 0 $45,000 90,000

2 Wheel Tractors to apply f e r t i l i z e r  0 $60,000 120,000

2 Wheel Tractors fo r in-row Herbicide @ $45,000 90,000

3 Four-row tree planters - fabricated  0 $300,000 900,000

4 09 Track-type Tractors w/dozers 0 $425,000 1,700,000

5 06 Track-type Tractors w/dozer f lo ta t io n  track 675,000
& $135,000

10 Labor and u t i l i t y  trucks 0 $16,000 160,000

25 Pickups 0 $9,000 225,000

2 Front-end Loaders 0 $60,000 120,000

3 Lowboy t r a i le r s  and tractors  @ $110,000 330,000
$5,130,000

Table 6-2 Estimated Operating Costs fo r  Equipment

EQUIPMENT COST PER HOUR

04 Tractor $11.00

05 Tractor $15.00

06 Tractor $14.50

07 Tractor $25.90

08 Tractor $24.00

09 Tractor $24.00

High and Wide (herbicide $15.50
application)

Planter (4 -1 ine) $14.50

Wheel t ra c to r  $ 9.00
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Table 6-3 Estimated Land Preparation and Planting Costs

S ite Species Acreage Machinery Needed

Costs ($ /d ay )  

Machinery Labor To ta l Cost/Acre

Kapa'au L. Leucocephala 7 ,225 Land preparation :

Kuka'iau

Eucalyptus

E. saligna  

E. globulus

9 ,937 Land preparation :

17,204 Land preparation :

Pua akala  Eucalyptus 
globulus

12,092 Land preparation :

P lan ting :

1 06 w /d isk harrow

2 4 - l in e  p lan ters

3 wheel tra c to rs
2

Support machinery 

Total

Cost per acre^

1 09

-  re s t same as above - 

Total

Cost per acre

3 09 tra c to rs

1 07 tra c to r  w /r ip p e r

2 4 - l in e  p lan ters  

2 wheel tra c to rs
2

Support machinery 

Total

Cost per acre^

4 06 t ra c to rs , w /f lo ta t io n  
tracks

1 07 tr a c to r  w /rip p e r  
2

Support machinery 

Total

Cost per acre

2 4-1 ine p lan ters  

2 wheel tra c to rs  

Total

Cost per acre

$ 116 $ 80 $ 5.94

232 900 34.30

216 240 13.82

104 80 5.57

$ 668 $1300

$ 20.24 $ 39.39 S59.63

$ 192 '$ 80 S 8.24

668 1200 56.61

$ 860 $1280

$ 26.06 $ 38.79 $64.85

$ 576 $ 240 $24.73

207 80 8.70

232 800 31.27

144 160 9.21

J.04 80 5.57

$1263 $1360

$ 38.27 $ 41.21 S79.48

$ 464 $ 320 $23.76

207 80 8 .70

104 80 5.57

$ 775 $ 480

$ 23.48 $ 14.55 $38.03

$ 232 $ 800 $31.27

216 160 11.40

$ 448 $ 960

$ 13.58 $ 29.09 $42.67

Cost per acre land p repara tion  and p lan tin g $80.70

This chart assumes th a t the 12,092 acres w i l l  take 575 days fo r  land preparation  and 365 days to  p la n t. 

^Consists o f 2 fla tb e d  tru c ks , 1 s em i-tru ck , and 1 9 6 6 -C a te rp i lla r  T ru c k s a la to r.

^Assumes 33 acres prepared and p lan ted  per day.
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A  summary o f  land preparation and p lanting costs are presented in  Table 6-3. 

M AN AG E M E N T

F E R T IL IZ E R

Fertilize r requirements per soil type are presented in  Section 3. The assumption is made 

tha t lime (up to  2 tons/acre) and a complete m ixed fe rtilize r (100 lb/acre) w ill be incorporated 

in  the soil at the tim e o f  p lanting. O ther fe rtilize r may be added at recommended rates by a ir at 

a cost o f  $3/100 lb. Table 6-4 is a summary o f  fe rtilize r rates and costs fo r the three areas.

HERBICIDES

Herbicides w ill be broadcast p rio r to  p lanting  by a wheel tractor. Roundup at a 1 percent 

so lu tion (.5 gal/acre) w ill be the principa l herbicide used. A  high-and-wide trac to r fitte d  w ith  

shields w ill pass over the seedlings when they are 4 to  5 f t  in  height and spray an additional 

1/2 lb per acre betweeen rows. No other herbicide treatm ent is expected, except fo r manual 

application o f  herbicides fo r eradication o f  banana poka should i t  become a problem later on. 

Cost o f  herbicides, includ ing bo th  applications and banana poka treatm ent, is predicted to  be 

$70.00 per acre fo r a ll sites.

COPPICE M AN AG E M E N T

I t  has been decided that no coppice shoot pruning w ill be done.

A lso, i t  is probably no t economical to  replant a fter harvesting unless the num ber o f  dead 

stumps exceeds 10 percent o f  the to ta l. N eighboring trees w ill usually compensate fo r the miss­

ing o r dead stumps. I f  replanting is done, however, a 4-man crew is needed and the cost w ill be 

$65.00 per acre.

PRO TECTIO N

Fire

Firebreaks are ruled ou t as an op tion  because they w ill probably occupy too  much space i f  

constructed to  be tru ly  effective. Reliance w ill be placed on the road system to  provide some 

fuebreak ac tiv ity , and to  a llow  rapid transport o f  the water tanker (from  road bu ild ing  crew) and 

fire  fighting  teams to  a fire  site. A lso, stockpiles o f  DAP slurry w ill be placed near airplane land­

ing sites and w ill be used to  con tro l potentia l fires there.
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Table 6-4 Estimated F e r t i l iz e r  Costs

Site Species Elevation Acreage
F e r t i l i z e r  Application  

At planting Aerial

Kiuka' iau E. saligna 3000 to 
4000 f t .

6,851 2 tons 1ime $14.50 
100 lb complete $15.00

Total; $134.50/acre

300 lb urea 
Appl. cost 
250 lb P 
Appl. cost

$48.00
9.00 

40.00
8.00

E. globulus 4000 to 
6000 f t .

6,503 100 lb complete $15.00 

Total: $72.00/acre

300 lb urea 
Appl. cost

$48.00
9.00

E. globulus 4000 to 
6000 f t .

3,850 100 lb complete $15.00 

Total: $ 58 .50/acre

225 lb urea 
Appl. cost

$36.00
7.50

Kapa' au Leucaena
leucocephala

7,225 1 ton lime $7.25

Tota l: $79 .25/acre

250 lb P 
Appl. cost 
150 lb K 
Appl. cost

$40.00
7.50 

20.00
4.50

Kapa'au Eucalyptus, 9,937 1 to 2 tons lime $12.00 
100 lb complete $15.00

Total: $156.00/acre

300 lb N 
Appl. cost 
P, K
Appl. cost

$48.00
9.00

60.00
12.00

P̂ ua' 
akal a

E. globulus 5400 to 
6500 f t .

6,235 2 tons lime $15.00 
100 lb  complete $15.00

Total: $159.00/acre

250 lb P 
Appl. cost 
150 lb K 
Appl. cost 
300 lb N 
Appl. cost

$40.00
7.50 

20.00
4.50 

48.00
9.00

E. globulus 5000 to 
6000 f t .

5,857 2 tons lime $15,00 
100 lb complete $15.00

Total: $124.00/acre

258 lb P 
Appl. cost 
K 100 lb 
Appl. cost 
N 150 lb .  
Appl. cost

$40.00
7.50

15.00 
3.00

24.00
4.50



Pests and Diseases

This problem  can be solved in advance by the selection o f  disease and pest resistant cul- 

tivars o r species. Continued genetic selection also w ill help.

Fencing

Invasion o f  the plantations by w ild  pigs o r range cattle may pose a problem. In places 

where th is is thought to  be an issue, e lectric fencing can be erected to  p ro tect young seedlings. 

S u ffic ien t fencing to  enclose ten 640-acre areas can be purchased at a cost o f  $96,000.

P lantation Laboratory

Soil and tissue nu trien t analysis are necessary fo r  an intensively cultivated forest p lanta­

tion . In fo rm ation  gained can be used in  m aking fe rtiliza tio n  decisions. The p lantation labora­

to ry  may also be used as a too l in m on ito ring  the health o f  the forest, especially pests and d i­

sease problems. The lab w ill be housed at the nursery, and w ill cost $155,000 fo r the bu ild ing  

and all equipm ent. An add itiona l $5,000 w ill be needed fo r annual maintenance. The crops 

contro l s ta ff w ill consist o f  a fie ld crew o f  3 persons fo r the firs t 3 years after p lanting, at a 

cost o f  $62,400 per year, and 6 persons fo r  a ll succeeding years, at a cost o f  $124,000 per year. 

Three people w ill be needed as supervisory and lab sta ff, fo r an add itiona l $90,000 per year.

ROADS

Plantation roads w ill consist o f  3 ty p e s -a  40 f t  wide main private transport road lin k ing  

p lanta tion  sites 2 and 3 w ith  Waimea, 20 f t  w ide main access roads link ing  all p lantation sites 

w ith  the main road, and 15 f t  feeder fie ld roads. O ther than the main road, 70 percent o f  all 

roads w ill be feeder type and 30 percent w ill be main access roads. Costs are estimated here for 

roads b u ilt w ith in  good soil conservation standards-i.e ., crowning, terracing, etc. Roads w ill be 

bu ilt before land preparation begins, w ith  a 1-year in te rim  between commencement o f  road 

construction and land preparation. Expensive equipm ent, then, may be shared by both  opera­

tions. The main road to  Waimea, 40 f t  w ide, 35 m iles long, w ill be 185,000 linear feet (L F ) (" 

$30 /LF , fo r  a cost o f  $5,550,000. The access roads, 20 f t  w ide, w ill comprise 30 percent o f  

all fie ld  roads. O f this, 1/2 w ill be paved and 1/2 w ill be gravel. Paved roads cost $25 /LF , and 

gravel roads cost $13 /LF . The average, then, is $ 1 9 /L F  and at 511,500 L F , access roads w ill 

cost approxim ately $9,718,500. Feeder roads, assuming 70 percent are 15 f t  wide gravel laterals, 

w ill cost $6 /LF . A t  1,193,500 LF , the cost o f  feeder roads w ill be $7,161,000.
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The to ta l road cost is:

Main roads $ 5,550,000
20-ft roads 9,718,500

(1 /2  paved)
15-ft roads 7,161,000

$22,429,500

Parts o f  the main and access roads w ill be widened to  accommodate the landing o f  air­

craft fo r  the purposes o f  aerial fe rtiliz ing  and fire figh ting . Four sites are believed necessary to 

serve th is purpose. A ccord ing ly , tanks o f  d iam m onium  phosphate (DAP) slurry and fe rtilize r 

stocks w ill be positioned at these landing sites.

Road construction w ill require about 40 men. T w en ty  o f  those w ill be phased in to  the 

planting and clearing operations a fte r year 2, and the remaining w ill stay on road maintenance.

A lis t o f  equipm ent needed fo r  road construction fo llow s: Note that several items w ill 

be used also fo r clearing and planting. It  is presumed tha t these machines w ill be transferred fo r 

use in clearing o r p lanting a fte r some in itia l road bu ild ing  activ ities are completed.

A ll heavy equipm ent in the road and p lanta tion  m o to rpoo l w ill be new and under fu ll 

warranty fo r  1 year. A fte r  that tim e, the p lan ta tion  w ill have to  operate a maintenance and 

repair shop, costing about $2,000,000. Shop labor w ill be phased in , w ith  15 men hired the first 

year, 30 fo r the next 4 years, and 60 fo r  each succeeding year; the repair crew, from  year 6 on, 

w ill consist o f  105 men. The rate o f  pay w ill be $21 ,000/man-year, o r $315,000 fo r  the first 

year, $630,000 fo r the next fou r, and $1,260,000 fo r  each succeeding year.
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Table 6-5 Plantation Road Equipment

Item Total Cost

4 09 trac to rs (1)
3 08 trac tors $945,000 —

1 06 t ra c to r (1)
1 04 tra c to r 80,000 —
5 Motor graders 400,000

12 Oump trucks 960,000

4 Front end loaders 240,000

1 Scraper 75,000

2 Packers 25,000

1 3000-gal semi t r a i l e r  (water) 20,000

2 Lowboys ( t r a i l e r ) (1) —

4 6x6 service trucks 440,000

— .

Costs Already Included in Clearing and Planting Section.
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Section 7

H AR VE STIN G  AN D  U T IL IZ A T IO N  

Methods, Equipm ent, and Costs 

A. Seki, D. L. Sirois, T. Kamen

This section explains the harvesting system selected, based upon topography, so il cond ition, and 

tree size. I t  is a h igh ly mechanized, capita l intensive system which includes tracked fe lle r- 

hunchers to cut and bunch the trees, and tracked forwarders to transport the bunched trees to a 

whole tree chipper. The chips w ill be loaded in to  vans and transported to a designated site. The 

to ta l capita l cost, including support equipm ent, w ill be $14,104,000 and the annual operating  

expenditure w ill be $6, 764,837.

P LA N T A T IO N  A N D  TR EE CHAR AC TER ISTICS

The proposed energy p lantation w ill consist o f  46,750 acres divided among three locations 

planted in equcalyptus and leucaena. Spacing w ill be 6 ft x 6 ft  fo r 1,210 trees per acre; the 

ro ta tion  age o f  the p lantation stands may vary from  5 to  8 years; and the average tree size at 

harvest w ill be at least 6 inches dbh. Trees o f  th is size are estimated to  have a volume o f  4.75/ft-^ 

and to contain 333 lb o f  biomass, green weight, based on a density o f  70 lb / f t  before chipping, 

and 21 Ib / f t^  a fte r chipping. M oisture content o f  the green chips is 50 percent on a wet basis.

During the second and th ird  rota tions, the ind iv idua l tree stems w ill be somewhat smaller, 

about 5 inches dbh, bu t m u ltip le  stems w ill sprout from  the orig inal stumps. Surviving sprouts 

per stump w ill vary, bu t should be near these percentages o f  the orig inal size—1 stem /60 percent 

stump, 2 stems/30 percent stump, 3 stems/IO percent stump.

The foliage po rtion  o f  harvested trees along w ith  most o f  the d irt w ill be separated at the 

chipper. No a ttem pt w ill be made to recover it ,  o ther than possibly spreading th is foliage over 

the area near the chipper.

ENERG Y PRODUCTION AN D  EFFIC IE N C Y

The planned p lantation o f  46,750 acres w ith  an estimated grow th o f  20 green tons o f  har- 

vestable biomass per acre per year w ill y ie ld  10 bone d ry  tons per acre per year over the ro ta tion  

period o f  5 to  7 years. W ith  a requirem ent o f  approxim ate ly 467,500 bone d ry  tons (935,000 

green tons) per year i t  w ill be necessary to  harvest about 7,790 acres o f  p lanta tion  per year 

starting w ith  the s ixth  year a fte r start o f  p lanta tion  estabhshment. The daily harvesting rate 

(based on 240 w ork days per year) w ill have to  be 3,896 green tons per day to  meet this need. 

The selected harvesting system w ill produce th is quan tity  o f  chips and deliver them to  the plant.
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The harvesting system, inc lud ing  transporta tion  o f  chips to  the p lant 35 miles away, w ill 

require approxim ately 1,180,000 gallons o f  fuel and o ther petroleum  products per year. By 

equating the above values to  equivalents o f  barrels o f  o il (42 gallons per barrel), calculations 

can be made.

Harvesting needs:

1,180,000 gal.

42 gal/bbl.
= 28,100 barrels o f  o il

Equivalent energy (gross) produced:

935.000 green ton  wood chips x 1 b b l/b T  = 935,000/barrels o f  o il

Energy e ffic iency ra tio :

935.000
= 33.3:1

28,100

This ra tio  appears favorable and indicates the feasib ility  o f  p lanta tion  harvesting using the 

proposed h ighly mechanized system.

H AR VE STIN G  SYSTEMS CO NSIDERATIO NS

A  broad range o f  harvesting system alternatives were available fo r consideration at the 

beginning o f  th is study. The alternatives ranged from  h igh ly labor intensive systems based on 

manual fe lling  w ith  chainsaws and inwoods transport by rubber-tired cable skidders to  the porta ­

ble chipper at the landing or chipping deck, to  h igh ly  mechanized systems such as m obile chip- 

pers that fe ll, chip, and transport the chipped material to  the landing. The m obile chipping sys­

tems are the least labor intensive bu t are very capital intensive. They are also the least highly 

developed at th is tim e and therefore the least reliable. As criteria  were developed fo r tree species, 

sites (inc lud ing  acreage lim ita tions), p lanta tion  yields, social factors, and p lant requirements, the 

choice o f  alternatives was narrowed.

Based p rim arily  on the m ajor factors o f  to ta l da ily p roduction  requirements o f  3,896 green 

tons per day fo r  240 days per year, small tree sizes o f  6 inches dbh at the end o f  ro ta tion , given 

site conditions (slopes, rocks, low  bearing strength soils), h ig lt level o f  ra in fa ll, and lim ited  labor 

force fo r woods w o rk ; fo u r mechanical systems appeared feasible:

o The machinery used in this system are rubber-tired drive-to-tree feller-bunchers, 

rubber-tired grapple skidders, and portable whole tree chippers. S im ilar systems
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have been proven capable o f  high production at reasonable costs. Generally, rubber- 

tired machines are Taster and less costly (fixed and variable) than tracked machines per­

form ing the same functions. This system becomes sensitive to tree size, however, as 

tree size decreases below 6 inches dbh. Stand densities also influence the production 

capacities o f  the feller-bunchers. The m ajor drawbacks to th is system arise from  the 

p lantation environm ent. A  high percentage o f  p lantation sites contain slopes over 10 

percent, and drive-to-tree feller-bunchers operate better on Hatter lands. Also, during 

wet weather, soils have low  bearing strengths, and excessive soil compaction could re­
sult. A nother problem is that drive-to-tree feller-bunchers could run over the stumps, 

possibly damaging them and the vehicle tires.

o Machinery used here are lim ited  area feller-bunchers, cable skyline yarder, rubber-tired 

or tracked grapple skidders (at landing), and a portable whole tree chipper. This sys­
tem can operate under the most adverse conditions o f  slopes, soils, and weather, but 
problems w ith  it are higher costs and required additional harvesting/planning skills. 

A lso, the cable yarding system needs slopes o f  10 percent o r greater to provide suitable 

cable deflection fo r fu lly  o r partly  suspended log loads fo r high speed yarding w itho u t 
damage to the p lan ta tion ; some p lanta tion  areas considered have slopes less than 10 

percent.

o Machinery used in this system are mobile chip harvesters and forwarders. Mobile chip 

harvesters appear to be the least sensitive to small stem diameters (tree volumes) and 

have the potentia l fo r high p roduction  rates w ith  reduced labor requirements. Presently, 

all machines o f  th is type are on ly in the p ro to type  stage o f  development, and are re­

stricted to relatively rock free sites w ith  slopes less than 20 percent. Also, the present 

design would have to be m odified to accept trees o f  30 ft and greater in height, growing 

in dense stands o f  1,200 trees or more per acre, i f  it were to  be used fo r th is project.

o Lim ited-area accum ulating feller-bunchers, tracked clam bunk skidders, and a portable 

whole tree chipper comprise the next system considered. F o r the conditions o f  this 

study biomass volume requirements, sites, and p lanta tion  size th is system is the most 
llcx ib le . It is capable o f  w ork ing  under adverse terra in and weather conditions while 

m aintain ing good production potentia l. It also causes litt le  site/stand disturbance. The 
system is h ighly mechanized, keeping labor requirements low  and placing a relatively 

moderate cost on high p roduction . TH IS  IS TH E  SYSTEM SELECTED.

SELECTED SYSTEM AN D  PRODUCTIO N RATES

The selected system is made up o f  tw o lim ited-area feller-bunchers (also know n as swing- 

to-tree feller-bunchers), tw o steel tracked clam bunk skidders w ith  knuckle boom loaders, and 

one portable whole tree chipper. T ransporta tion o f  chips w ill be by standard highway truck 

tractors pu lling  vans.
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The feller-buncher selected is m odified from  a standard commercial hydrau lic  excavator. 

The changes have been made to  the outer or stick boom and add itiona l adaptations o f  the accu­

m ulating feller-buncher shear or o ther cutting  device may be required to  reduce damage to tlic  

stump or b u tt log. The use o f  an accumulating shear head w ill help to  increase production when 

harvesting small trees. Use o f  the swing machines and boom mounted shear w ill pennit cu tting  

a 50-ft w ide swath as the machine progresses across the p lantation. Production increases and site 

im pact reduction w ill result from  not having to drive to each tree. The tracked carrier w ill 

operate on slopes o f  up to 30 percent. Ground pressures w ill be w ith in  the 6 to 7 psi range, so 

the u n it w ill be capable o f  w ork ing  under poor soil conditions. Bunches o f  up to 21 trees ((> It x 

6 f t  tree spacing) w ill be made w ith  m in im um  travel. Representative machines o f th is type are 

the D ro tt 40 LC and John Deer 693 B.

The selection o f  a steel tracked clam bunk skidder was based on specific requirements 

dictated by the operating conditions. The skidder must be able to operate on wet poor bearing 

strength soils, w ithstand abrasive soils, and self-load bunches in to  fu ll payloads w ith o u t exce.ssive, 

stump-damaging travel. The selected machine has high travel rates fo r good production. It w il l  

w ork also on slopes up to 40 percent, making it compatible w ith  the feller-buncher. Die basic 

machine is represented by the FMC 180 log skidder and w ill be m odified by adding the clam 

bunk and loader sim ilar to the FMC 200 BG skidder.

The portable whole tree chipper is to  be a standard disk chipper w ith  a conveying system 

and a boom loader. It  w ill discharge chips d irec tly  in to  chip vans. The chipper is represented 

a M orbark model 550 or Trelan DL-18.

H AR VE STIN G  EQ UIPM ENT A N D  COSTS

The to ta l ou tp u t o f  a chipping operation depends upon the organization o f  the work. The 

most common practice is to fe ll the trees, transport them to  an open area, chip in to  a vehicle, 

and transport. One line p roduction  varies according to  the chipper, climate, chip van availab ility , 

and o ther factors; includ ing preparation o f  w ork  at the harvesting site, movement o f  the c liipper 

w ith in  and between harvesting sites, and servicing and repairs. Table 7-1 shows the amount o f 

equipm ent necessary fo r the to ta l harvesting jo b  based on a p roduction  goal o f  467,500 B D T / 

year o f  wood chips. This p roduction  goal w ill require 14 operational systems, each comiirised 

o f  tw o  feller-bunchers, one bunk grapple skidder and one whole tree chipper. For some items, 

spare machines have been included and are planned as replacements on ly in cases o f  m ajor 

equipment failures requiring more than one day to  repair. Each system w ill have the services 

o f  a fu ll time on-site mechanic. Tw o additional mechanics w ill work in  the central shop to
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handle m ajor repairs and to  provide assistance to  the fie ld  mechanics. An adequate inventory o f  

spare parts should be kept in stock to reduce repair down times.

The 14 systems are to be in operation each w ork period. Because each system is based on 

one whole tree chipper, 3 spares w ill be purchased as insurance. The to ta l capital cost o f a 

chipper is about $128,000 and the to ta l capital investment, including spares, is $2,176,000.

Each system w ill operate w ith  tw o feller-bunchers, therefore tw enty-e ight operational 

feller-bunchers w ill be used during each w ork period. Three spares w ill be used as baekups in 

case o f  m ajor failures and m ajor maintenance needs that could take an operational feller-buncher 

o u t o f  service fo r more than a day. This is less critica l, however, than having replacements fo r 

chippers or skidders, because h a lf o f  the system production  could be maintained w ith  on ly one 

operational feller-buncher. I f  necessary, then, the three spare feller-bunchers could be deleted to 

reduce the capital investment. Each un it costs approxim ately $140,000, so om ittin g  the spares 

would reduce the in itia l cost by $420,000, bringing the to ta l investment from  $4,340,000 to 

$3,920,000.

O n ly one tracked clam bunk skidder is required fo r each system. This piece o f  machinery, 

though, could be the most sensitive to weather and terra in factors (w ith  lit t le  oppo rtun ity  to 

correct fo r adverse conditions - except by shortening skid distance) and to  down times caused by 

mechanical failures. Plans are made here fo r  the m in im um  number o f  machines, one fo r each o f 

the 14 systems plus three spare units, to be purehased at an estimated cost o f  $140,000 per un it, 

bringing the to ta l capital investment to $2,380,000. More o f these machines may be needed, 

however, requiring more capital investment.

Transporta tion o f  the wood chips to the loading site w ill require an approximate 70 mile 

round tr ip . Six 50 f t  chip vans w ill be located at each chipping site and an equivalent 8 chip vans 

w ill be located at each site per 8-hour day. Wood chip transportation w ill be conducted on a 

24-hour basis, about 3 round trips per 8-hour day. Therefore, 17 truck tractors (14 operational, 

3 spares) and 84 chip vans are required. The estimated capital co,st o f  these units are $986,000 

and $2,352,000 respectively. The to ta l capital cost w ill be $3,338,000.

E ina lly , at the destination o f  the loaded chip vans w ill be 2 chip van unloaders (to ta l cost 

$220,000) that l i f t  the entire truck and van to  a 4 5 °  angle to unload the wood chips. This com­

pletes the to ta l cycle o f  a w oodchipping operation cu tting  trees w ith  feller-bunchers, forwarding 

the trees to  the chipper, chipping the whole trees, transporting the woodchips to a destination, 

and unloading.
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O ther equipm ent, though, is necessary to  support th is  type  o f  operation. F o r example, 

7 p ickup trucks ($70,000 to ta l)  w ill be needed by the supervisors. Each supervisor w ill manage 

2 o f  the 14 w oodch ipp ing operations to  make sure tha t the high cost system is runn ing  as 

sm ooth ly  as possible. To  move the w ork  crew from  various locations, 14 vans also are needed, 

fo r  a to ta l o f  $140,000. Bach ch ipping site w ill have a maintenance tru ck  fu lly  equipped w ith  a 

mechanic and the necessary too ls fo r  on site repairs. Tw o o the r maintenance vehicles and mecha­

nics w ill be stationed at a central repair shop fo r  m a jor servicing. Therefore, 16 maintenance 

units are needed, fo r  a to ta l cost o f  $252,000. Three fue l trucks w ill service the whole operation 

(1 at each site). They w ill  travel to  each ch ipping opera tion  and f i l l  the existing fue l tanks. The 

three fuel trucks w ill cost $45,000 and 14 fuel tanks, about $56,000. A  D-4 dozer type , needed 

at each site fo r  preparation and maintenance o f  the landing, w ill complete the support group. 

Each D-4 dozer w ill cost $917,000.

A t  the central repair shop, an 8 u n it chipper kn ife  sharpener, about $128,000 w ill be 

operating continuously. Each ch ipper requires 15 sets o f  chipper blades, fo r  a to ta l o f  210 sets, 

costing $42,000.

T O T A L  COST

A  summary o f  a ll these costs is presented in  Table 7-1. The to ta l, inc lud ing  2 percent fo r 

inventory  and 15 percent fo r contingency, is $16,501,680. The depreciated value per year is 

about $2,385,000 and the annual operating cost w ill  reach $6,764,837. As expected, the high 

cost items in  the harvesting system are the woodchippers, feller-bunchers, forwarders, and tr iK  k 

transportation.
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A Clam Bunk Skidder in operation.
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TABLE 7-1: SIMIARY OF HARVESTING COST

oc

Inventory (2\ of Capital) 

Contingency (15% of Capital)

TOTAL

282,080

2,115,600

16,501,680

Equipment Labor Life Units

Unit
Capital
Cost

Unit
Salvage
Values

Total
Capital
Cost

Annual’ 
Operating

Percentage of Annual 
Operating Costs 

For Labor

Chipper 28i." 5 17^ 128,000 25,200 2,176,000 1,184,064 43.1
Fellerbuncher 2 8 " 4 31^ 140,000 28,000 4,340,000 1,758,883 29.1
Forwarder 14 " 4 17^ 140,000 28,000 2,380,000 1,092,609 23.4
Truck Tractor 42 " 3 17’ 58,000 11,000 986,000 970,662 48.5
Chip Vans -- 8 84 28,000 5,600 2,352,000 460,992 - -

Pickup Trucks 7 3 7 10,000 2,000 70,000 70,630 0.0
Crew Vans -- 3 14 10,000 2,000 140,000 141,260 - -

Maintenance Trucks 16’ 5 16 18,000 3,600 252,000 497,400 62.8
with Tools

Fuel Trucks 3* 5 3 15,000 2,400 40,000 51,056 79.0
Fuel Tanks -- 5 14 4,000 720 56,000 9,408 --
Chip Van Unloaders 2* 10 2 120,000 24,000 220,000 165,481 48.4
Dozer (D-4) 14’ 5 14 65,000 13,000 917,000 229,768 28.9
Knife Grinder 8* 8 8 16,000 3,200 128,000 132,682 80.9
Knives -- 1 210 sets 200 -- 42,000 — —

Subtotal 162 14,104,000 6,764,837

‘includes landhand 
^includes 3 spare units
’includes interest , insurance, taxes, maintenance, repairs, fuel, lubricants, 

and labor (units in field)
‘'labor cost $9.50/hr
’labor cost $10.00/hr
’labor cost $7.00/hr



Section 8 

F IN A N C IA L  RESULTS 

Econom ic Feasib ility  o f  Tree Farms fo r  Energy 

J.S. Den yes, C .T .K . Ching, P. Leung

Producing 467,500 bone d ry  tons o f  chips per year to  be used in a syn the tic  liq u id  fu e l p la n t can 

he done at an average a fte r-tax cash cost o f  $29.47  per ton. The cash o u tf lo w  during  the f ir s t  six 

years o f  the pro ject, before any chips are produced, w ill be $62.2 m illio n  (exclud ing  in terest 

charges and in fla tion ). The average cost per year a fte r p roduction  commences (again excluding  

in terest and in f la tio n ) w ill  be $5.8  m illion .

A rate o f  re tu rn  also was calculated, based upon the assumption that the chips w ill  be sold  

d irec tly  as fue l, at a price  related to  the m arket price  o f  bunker fue l. This re tu rn  w ill  be 12 per­

cent excluding in fla tion . In  th is s ituation, the o rig ina l net o u tf lo w  o f  $62.2 m illio n  w ill be re­

covered by the end o f  Year I I ;  the average (pos itive ) cash f lo w  a fte r harvesting begins w ill  be 

$11.7  m illion .

M ETHODS OF A N A LY S IS

The “ average a fte r-tax cash cost”  per ton  o f  chips was obta ined by a discounted cash flo w  

ca lcu lation w hich assumed tha t the net present value (N P V) o f  chips sold at a breakeven price 

w ou ld  equal the N PV  o f  the costs incurred  in  th is  p ro ject. This breakeven price w ill thus be 

equivalent to  an average cost w h ich  includes the tim e  value o f  the m oney invested i:i tiie  

p ro ject. The ca lcu lation can be expressed sym bo lica lly :

T ( l )  = tons o f  chips sold in  year 1

P = breakeven price o f  chips per ton

R ( l )  = PT(1) = to ta l revenue, year 1

C ( l)  = to ta l cost (cash o u tflo w s ) in  year 1

f ( l )  = d iscount fac to r in  year 1

f ( l )  C ( l )  + f(2 )  C (2) + . . . .  + f(n )  C (n) = f ( l )  R ( l )  -t- f (2 )  R (2 ) + . . . .  + f(n )  R (n ) 

f ( l ) C ( l )  + f ( 2 ) C ( l )  + . . . . + f (n )C (n )  = f ( l ) P T ( l )  + f (2 )P T (2 )  + . . . . - i- f(n ) PT (n )

p ̂  f(l) CCD + f(2) C(2) + .... + f(n) C(n)
f(l) T(l) + f(2) T(2) + .... + f(n) T(n)
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The NPV o f  a tim e  series (one year) o f  chips is calculated by m u ltip ly in g  the am ount o f  chips 

(tons) by the price o f  the chips. In  o the r words, the tons o f  chips produced in  one year m u lti­

plied by the price per ton  ($29.47) equals the present value o f  the revenue.

The d iscount rate used in  th is ca lcu lation is 8 percent. A t firs t glance th is  appears unrealis- 

t ica lly  low , especially at a tim e when actual rates are in  the 15 to  20 percent range. I t  must be 

remembered, however, tha t the cost p ro jections used in  th is  report are in  constant dollars in ­

c luding no allowance fo r in fla tio n . Since a real-world investor w ill be repaid in  in fla ted  dollars, 

he must charge an interest rate w hich allows fo r this. In  an environm ent w ith  a 10 percent in fla ­

tio n  rate, the assumed 8 percent rate (3 percent fo r  the real cost o f  money and 5 percent fo r 

p ro fits ) would  then become an actual interest cost o f  18 percent.

The calcu lation o f  cash flo w  must include the effects o f  income taxes. F o r the purpose o f  

th is analysis, i t  is assumed that the p ro ject is operating as part o f  a larger p ro fit-m ak ing  e n tity . 

Consequently, tax  benefits resulting from  operating losses and investment tax credits need n o t 

be carried in to  o the r years bu t can be credited in  the year they occur norm ally .

M uch o f  the capital investment required to  im p lem ent the p ro ject is elig ib le fo r  investment 

tax credits; these credits are summarized in  Table 8-7. C urrent tax regulations a llow  an addi­

tiona l 10 percent Energy Tax Credit fo r  equipm ent used to  produce syn the tic  fuels. As th is  is 

the intended purpose o f  the chips produced by th is p ro ject, the Energy Tax C redit should be 

available. Under present law the Energy Tax C red it expires at the end o f  1985. Tire analysis f 

th is p ro ject, however, assumes tha t Energy Tax C red it provisions w ill be extended at least 

th rough the in it ia l 6-year insta lla tion phase. Considering the prevailing legislative climati- o f  

encouragement to  business expansion in general and o il-substitu tion  projects in particu lar, th is 

assumption is defensible. In the event tha t Energy Tax Credits are allowed to  expire and lia: 

commencement o f  th is p ro ject is delayed beyond the exp ira tion  date, o r i f  the expenditures are 

no t e lig ible fo r  the credit, the cost per to n  o f  chips w ou ld  increase from  $29.47 to  $29.91.

Depreciation costs under new tax regulations wUl be calculated d iffe re n tly  depending on 

the year depreciation begins. Three d iffe ren t tables are to  be used: one fo r  investments made in 

1981 through 1984, one fo r investments in 1985, and one fo r  investments in 1986 and there­

after. Consequently, the im p lem enta tion  o f  th is p ro ject must be associated w ith  specific years. 

F o r calculation purposes, Year 1 w ill be defined as 1982.
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COSTS

Prior chapters have enumerated the costs expected in  im p lem enting  th is  pro ject. Those 

costs w ill be stated in  summarized fo rm  in  th is  section, and the source section w ill be cited. I f  

fu rth e r calculations o r deta il are required, however, they  w ill supplied here.

E S T A B LIS H M E N T

N U R SER Y

Section 5 gives the costs o f  establishing a 7-acre nursery capable o f  p roducing 10.4 m illio n  

seedlings per year fo r  the firs t 6 years o f  the p ro jec t’s opera tion . The costs required to  establish 

th is  fa c ility  are $3,130,620 (inc lud ing  a land purchase) in  Year 1, $739,670 in  Year 4, and 

$ 1,670 in  Years 2, 3, 5, and 6. Tax regulations state tha t the p o rtio n  o f  these expenditures that 

w ou ld  norm a lly  be capitalized and depreciated can a lterna tive ly  be accumulated to  the p o in t 

where the trees are producing  a revenue, and then am ortized against the p roduction  cycle. This 

la tte r m ethod was chosen, and costs are am ortized over a six-year period. The land purchase is 

recovered a fte r Year 18. Details o f  tim in g  o f  these expenditures and estimated tax credits are 

shown in  Table 8-3.

P L A N T A T IO N

Section 6 details costs incurred in  the in it ia l clearing and p lanting  phase o f  the pro ject. 

The lis t o f  equ ipm ent fo r  construction  o f  roads and clearing land is contained in  tha t section, 

and summarized here.

1. C learing, P lanting, and C u ltiva tion  Equipm ent

T rac to r, loader, heavy trucks  $4,905,000
Pickup trucks 225,000

subto ta l 5,130,000

2. Road C onstruction  Equipm ent 3,185,000

T o ta l $8,315,000

The above equipm ent cost is in  add ition  to  the labor and o the r costs incurred in  clearing, 

p lanting, constructing roads, etc. A lso, there w ill be a need fo r  a crop log labora tory , a repair 

and maintenance shop, and fo u r airstrips. Costs fo r  these items are as fo llow s:

1. Crop Lab

b u ild ing  $ 55,000
equipm ent 100,000

subtota l 15 5,000 (Year 1)
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$1,000,000 
1,000,000

2,000,000

5,550,000

2. Shop F a c ility

bu ild ing
equipm ent and w ork ing  capital 

subtota l

3. Roads

M ain Road (35 m iles x  $ 3 0 /ft)

This cost w ill be incurred in  
Years 4-6 at $ 1,850,000 per year

F ie ld  Roads

20 f t  roads; 511,500 f t  @ $ 19.00

15 f t  roads; 1,193,500 f t  @ $6.00

These costs w ill be incurred evenly 
over the in it ia l 6 year establishment 
period at a rate o f  $2,813,250 per year.

4. C learing, P lanting, F e rtiliz ing

Included in  Section 6 is a tabu la tion  o f  the cost per acre o f  p lanting  and 

grow ing trees at the d iffe ren t po ten tia l p lan ta tion  sites. The table below  

shows the ca lcu lation o f  to ta l clearing costs:

9 ,718,500

7,161,000

Table 8-1: Clearing Costs

Site 
Kuka'iau A

B
C

Gross Acres 
Leased
8,060
7,650
4,530

Subtotal 20,240

Net Acres 
Planted

6,851 
6,503 
3,850

17,204

Preparation
79.48
79.48
79.48

Cost per Acre
Fertilizer Herbicide Total Cost

134.50
72.00
58.50

70.00
70.00
70.00

$ 1,946,000
1.440.000

___

4.187.000

Kapa'au 
Leucaena 
Eucalyptus

8,500
11,690

Subtotal 20,190

7,225
9,937
17,161

59.63
64.85

79.25
156.00

70.000
70.00

1.509.000
2.890.000
4,399,000

Pua'akala A 
B

Total

8,908
8,367

Subtotal 17,275

57,505

6,235
5,857

12,092

46,458

80.70
80.70

159.00
124.00

70.00
70.00

1.931.000
1.609.000
3,540,000

$12,126,000

The cost o f  preparing and p lanting  w ill be spread evenly over the firs t 

six years o f  the p ro ject at a rate o f  $2,021,000 per year.
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5. Fencing

A  moderate am ount o f  fencing is proposed to  p ro tect the new ly planted 

seedlings from  pigs o r cattle. The am ount estimated fo r  fences is $96,000 

and w ill be spent in  the firs t six years at a rate o f  $ 16,000 per year.

T o ta l costs o f  p lan ta tion  establishment and tax credits are shown in Table 

8 ^ .

H A R V E S T IN G  A N D  CHIPPING

The capital required fo r  harvesting, ch ipping, and hauhng equipm ent is given in  Table 7-1. 

As shown, the to ta l cost o f  equipm ent required to  begin operations is $16,501,680. This invest­

m ent w ill  be made in  Year 6.

Table 8-5 (in  th is  chapter) shows the in it ia l purchase and replacement schedules fo r  har­

vesting /ch ipping/hau ling  equ ipm ent, and the expected tax credits. Table 8-4 shows the resulting 

depreciation.

O P E R A TIN G  COSTS

N URSERY

The operating costs o f  the nursery are enumerated in  Section 5, Table 5-2. They amount 

to  $209,550 per year fo r  m aterials and $225,000 per year fo r  labor fo r  the firs t six years o f  oper­

a tion . This cost o f  $434,550 per year is estimated to  decrease 50 percent a fte r Year 6; it  w ill be 

$217,275 per year u n til Year 19. Because the last harvesting cycle is expected to  begin in  Year 

19, there w ill be no nursery costs a fte r Year 18.

P L A N T A T IO N

Land Lease

D iffe re n t lease rents fo r  the d iffe ren t parcels o f  land were assumed in  Section 2, Table 2. 

These rates and the to ta l resu lting costs are shown below ;

Acres Leased Cost Per Acre T o ta l Cost

K u k a ’iau 20,240 $20 $ 405,000

Kapa’au 20,190 $40 808,000

Pua’akala 17,275 $15 259,000

57,505 $1 ,4 72 ,0 00
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This annual lease rent w ill bu ild  up to  the fin a l $1,472,000 fo r  year 6 and therea fte r; i t  

w ill increase gradually fo r years 1-5 as fo llow s:

Year Lease Rent

1 $ 245,000

2 491,000

3 736,000

4 981,000

5 1,227,000

6 &  thereafter 1,472,000

S im ila rly , as land is taken o u t o f  p roduction  in  the te rm ina tion  phase o f  the p ro ject (Years 19- 

24) the lease rent w ill fo llo w  the above pa tte rn , b u t in  reverse order. D uring  the fina l 6 years, 

lease costs w ill be charged to  the harvesting operations.

Laboratory

Section 6 discusses the need fo r  a crop log labora to ry , and projects the costs o f  operation 

as fo llow s:

Annua l Maintenance $ 5 ,000/year

Supervisory/Lab Personnel 90,000/year

Crop C on tro l F ield Crew 
F irs t 3 years a fte r p lanting  62,400/year
Thereafter 124,800/year

T o ta l Years 1 through 9 157,400/year

To ta l Years 10 and a fte r 219,800/year

Shop Labor

As discussed in  Section 6, a maintenance and repair fa c ility  w ill be required fo r servicing o f

the m obile  equipm ent. Costs projected fo r  th is  operation are:

Year 1 $ 315,000

Year 2 630,000

Year 3 1,260,000/year

H A R V E S T IN G , H A U L IN G , A N D  CHIPPING

The cost o f  m anning and operating the mechanized harvesting operation is given in 

Table 1, Section 7, as $6,806,875. To  th is  must be added the depreciation shown in  Table 8-6; 

the resulting to ta l is shown as Harvesting O peration Expenses in  Table 8-8 and 8-9.
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Table 8-2: Annual Coordination and Management Costs

Project Manager/Controller Group
Average annual plant operating cost 11,230,000
4% of plant operating cost 449,000
Annual cost of plant manager fi controller group 449,000

Management Group
Number Cost/Supvsr Total

Field Manager 1 $48,000 $ 48,000
Maintenance/Garage 4 36,000 144,000
Nursery 2 27,000 54,000*
Harvest 7 36,000 252,000
Road 4 36,000 144,000
Cultivation

Subtotal
3 36,000

$
108,000
696,000*

Total Annual Management 5 Coordination Cost $1,145,000

*Nursery supervision has been included in the costs for that operation, 
is excluded from totals here.

and
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Ta b le  8 -3 : Nursery E stab lishm ent Costs

I.Nursery - General
A. Site preparation

5 acres paving 
2 acres landscaping

B. Fencing
C. Windbreak
D. Land purchase

1,089,000
1,000
7,200
2 ,000

126,000

Y E A R
7 - 9 10 11 12 13 14 -18 19

None None

7 ,2 0 0

( 1 2 6 ,0 0 0 )

II. Building and Structures
A. Caretaker residence
B. Headhouse
C. Operations building
D. 8 greenhouses

III. Fleet Equipment and Vehicles
A. 2 forklilts
B. 2 - 3/4-ton truck
C. 2 - 1/2-ton flatbeds
D. Truck-tractor and trailer

60,000
150.000
100.000  
200,000

40.000
23.000
35.000 

100,000

5 0 ,0 0 0

4 0 ,0 0 0

00On

IV. Irrigation
A. Greenhouse

1. Inst'n/Materials - 8 Un.
2. Control Unit - 20 On.
3. Fertilizer injector

B. Growing/hardening area
1. Units for 8nua seedlings
2. Control unit
3. Fertilizer injector

20,000
1 ,000
1,200

28,400
1,800
1,800

1,000
1,200

2 8 ,4 0 0
1 ,8 0 0
1 ,8 0 0

Nursery Equipment
A. Flat filler, seeder
B. Vacuum cleaner
C. Tables and conveyor
D. Balance
E. Refrigerator
F. Hollow tile blocks
G. Pallets (13,000)
U. Calculators
I. Desks
J. Reference material 
K. Sterilizers 
L. Cells 
M. Trays 
N. Typewriter 
0. Miscellaneous

Tots 1

100,
1,
4 ,
1 ,
1.
30
256,

I ,
4 ,
3,

328
4 10 ,

1 ,

000
000
500 
200 
200 
000 
2 50 
550 
200 
000 
000 
000 
000 
650 
6 70

3 ,0 0 0
328.000
410.000

1,670 1,670 1,670 1,670 1,670

3,130,620 1,670 1,670 739,670 1,670 1,670 53,000 34,200 47,200 (126,000)

Tax Credit 
Regular 
Energy

298,142 5,300 3,420
300,462

4,720



Table 8-4: Plantation Establishment Costs

Y e a r

00
- j

Tax Credits - Regular 
- Energy

Item 1 ... Y... ..---------y - " 4 . 6 7

Plantation Equipment 
Tractors, loaders, heavy trucks 
Pickup trucks 

Road Building Equipment 
Subtotal

$ 4,905,000 
225,000

3.185.000
8.315.000

Crop Lab BuiIding 
" " Equipment 

Subtotal

55,000
100,000
155,000

Shop Facility Building 
" " Equipment 

Subtotal
1,000,000
1,000,000
,̂000,000

Roads 
Main road 
Field roads 

Clearing/planting 
Fencing

2,813,250
2,021,000

16.000
2,813,250
2,021,000

16,000
2,813,250
2,021,000

16,000

1.850.000 
2,813,250
2.021.000 

16,000

1.850.000 
2,813,250
2.021.000 

16,000

1.850.000 
2,813,250
2.021.000 

16.000

TOTAL $15,320,250 $4,850,250 $4,850,250 $6,700,250 $6,700,250 $6,700,250
J4,503,150 
4,512,150



Table 8-5: Harvesting Equipment Costs and Tax Credits

1-6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

17 Chippers 2,176,000 2,176,000 2,176,000 2,176,000

31 Feller-Bunchers 4,340,000 4,340,000 4,340,000 4,340,000 4,340,000

17 Forwarders 2,380,000 2,380,000 2,380,000 2,380,000 2,380,000

17 Truck-tractors 986,000 986,000 986,000 986,000 986,000 986,000

84 Chip Vans 2,332,000 2,352,000 2,352,000

7 Pickup Trucks 70,000 70,000 70,000 70,000 70,000 70,000

14 Crew Vans 140,000 140,000 140,000 140,000 140,000 140,000

15 Maintenance Trucks 252,000 252,000 252,000 252,000

3 Fuel Trucks 40,000 40,000 40,000 40,000

14 Fuel Tanks 56,000 56,000 56,000 56,000

2 Chip Unloaders 220,000 220,000

14 0-4' 8 917 ,000 917,000 917,000 917,000

8 Knife Grinders 128,000 128,000 128,000

Contingency (15Z) 2,109,000 179,000 1,008,000 516,000 179,000 1,380,000 179,000 549,000 1,187,000 696,000 1,380,000

Inventory ( 2 2 )  

TOTAL

281,000

None 16,452,000 1,375,000 7,728,000 3,957,000 1,375,000 10,580,000 1,375,000 4,210,000 9,103,000 5,333,000 10,580,000

Tax Credits 
Regular 1,594,000 128,000 773,000 382,000 128,000 1,058,000 128,000 408,000 901,000 510,000 1,058,000

24 25

E n e r g y 1,617,000
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lable 8-6: Harvesting Equipment Depreciation

CO
to

Years
1-6

Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15

Chippers $ $ 435,200 $ 696,320 $ 522,240 $ 348,160 $ 174,080 $ 435,200 $ 696,320 $ 522,240 $ 348,160Feller-Bunchers -- 868,000 1,388,800 1,041,600 694,400 1,215,200 1,388,800 1,041,600 694,400 1,215,200Forwarders -- 4 76,000 761,600 571,200 380,800 666,400 761,600 571,200 380,800 666,400
Truck-Tractors -- 197,200 315,520 236,640 354,960 394,400 236,640 354,960 394,400 236,640Chip \ans - - 470,400 752,640 564,480 376,320 188,160 _ _ 470,400Pickup Trucks -- 23,100 31,500 15,400 23,100 31,500 15,400 23,100 31,500 15,400Crew Vans - - 46,200 65,000 30,800 46,200 63,000 30,800 46,200 63,000 30,800
Maintenance Trucks -- 83,160 113,400 55,440 83,160 113,400 55,440
Fuel Trucks - - 13,200 18,000 8,800 13,200 18,000 8,800 _
Fuel Tanks -- 11,200 17,920 13,440 8,960 4,480 11,200 17,920 13,440 8,960
Chip Unloaders - - 44,000 70,400 52,800 35,200 17,600D-4 Dozers -- 183,400 293,440 220,080 146,720 73,360 183,400 293,440 220,080 146,720
Knife Grinders -- 25,600 40,960 30,720 20,480 10,240 -- -- -- 25,600
Contingency - - 431,550 684,650 504,660 365,600 426,080 474,040 447,000 310,480 468,800

Total -- $3,308,210 $5,248,130 $3,868,300 $2,800,900 $3,264,500 $3,633,440 $3,623,140 $2,694,580 $3,633,080

Year 15 Year 17 Year 18 Year 19 Year 20 Year 21 Year 22 Year 23 Year 24
Chippers $ 174,080 $ 435,200 $ 696,320 $ 522,240 $ 348,160 $ 174,080 $ 435,200 $ 696,320 $ 522,240
Feller-Bunchers 1.388,800 1,041,600 694,400 1,215,200 1,388,800 1,041,600 694,400 1,215,200 1,388,800
Forwarders 761,600 571,200 380,800 666,400 761,600 571,200 380,800 666,400 '61,600
Truck-Tractors 354,960 394,4 00 236,640 354,960 394,400 236,640 354,960 394,400 236,640
Chip Vans 752,640 564,480 376,320 188,160 - - - - - - 470,400 752,640
Pickup Trucks 23,100 31,500 15,400 23,100 31,500 15,400 23,100 31,500 15,400
Crew Vans 46,200 63,000 30,800 46,200 63,000 30,800 46,200 63,000 30,800
Maintenance Trucks - - 83,160 113,400 55,440 83,160 113,400 55,440
Fuel Trucks - - 13,200 18,000 8,800 13,200 18,000 8,800
Fuel Tanks 4,480 11,200 17,920 13,440 8,960 4,480 11,200 17,920 13,440
Chip Unloaders - - 44,000 70,400 52,800 35,200 17,600 - - - - - -

D-4 Dozers 73,360 183,400 293,440 220,080 146,720 73,360 183,400 293,440 220,080
Knife Grinders 40,960 30,720 20,480 10,240 -- -- -- 25,600 40,960

Contingency 537,280 496,640 432,920 494,680 493,800 372,000 369,270 624,550 618,980

Total $4,,157,460 $3,963,700 $3,397, 240 $3,871,740 $3,672,140 $2,537,160 $2,594,890 $4,630,130 $4,665,820



lable 8-7: Summary of Tax Credits

Years
1-6

Year 8 Year 10 Year 11 Year 12 Year 13 Year 14

Hursery
Regular
Energy
Total

Plantation
Regular
Energy

298,142
500,462
598,604

4.503.150
4.512.150

9,015.300

5.300

5,300

3,420

3,420

4,720

4.720

Total Plantation Operations
Regular
Energy

Total

Harvesting, Chipping 6 Hauling
Regular
Energy

T o ta l

4,801,292
4,812,612

9.613.904

1.594.000
1.617.000
3.211.000

5,300

5,300

128,000

3,420

3,420

4.720

4.720

773,000 382,000 128,000

128.000 773,000 312,000 128,000

to
o

Year IS Year 16 Year 17 Year 18 Year 19 Year 20 Year 21 Year 22 Year 23

Nursery
Regular
Energy

Total

Plantat ion

Regular
Energy

Total

Total Plantation Operations
Regular
Energy

Total

Harvesting. Chipping 6 Hauling
Regular
Energy
Total

1,058,000

1,058,000

128,000 408,000

128.000 408,000

901,000

901,000

510,000 1,058,000

510,000 1,058.000
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Table 8 - 9 :  Energy Tree Farm Net Cash Outflow
($ 0 0 0 )
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Table 8-10: Energy Tree Farm Profit 6 Loss and Cash Flow
($000)
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LAEĈ 'ATiRY
3H0P3
F L K i ’ A T M N  A N D  R O A D S

5  1 3 6  

3  - 0 0 5  

1 5 5  

2,000
- , 4 k £ 5 Q  — 5 x 3 5 0  — i x Z O O  . . . i x Z o O

34 4 7

S U B T O T A L 1 0 , 1 3 6 4 , 3 5 2 4 , 3 5 2 s . 7 o : - - -
C O

Q E E E f i l l E - C O S I S

L A > , 2  L E A S E  C C S T S 2 4 5 4 ‘- ' l 1 11  4 ‘ , 7  7 1  • : , 4 " 2 1 , 4 ’ 2 1 , 4 ’ 2 1 , 4 ^ 2

M A . * A l E Y E N T  i  C O N T R C L 1 . 1 4 5 1 . 1 4 5 1 ,  i = , 1 '  1  * ! 4  3 5 4 3 5 4 3 5

N i . E S E F Y 4 3 5 4 3 5 4 3 5 . 4 7 5 4 — :
•  * ' C
n :  j 2 1 7 2 1 7 2 1 7 2 1 7

L A B ' f A T O R Y 1 5 ? 1 5 7 • =;■> '  C 7 1=-' • s ; ' ’ . C l
1 5 7 1 5 7 2 2 0

; - O F S _ _ _ _ _ _ _ 2 1 5 __ _ _ _ _ _ 6 2 0 — 1 x 2 x 0 i x i l i ' j __ __ — 1 x 2 6 0 _ _ _ _ _ l x 2 6 0

S U B T O T A L 7,r-i ____ 2 x £ 5 E — 3 x 2 2 2 — 4 x 4 6 2 — 2 x 5 4 2 — 3 x 5 4 2 ____ 3 x 5 4 2 — 2 x 6 0 4

T O T A L  C C E T l _ 1 2 x 4 2 2 — 2 x 2 1 0
O  c ; , ; , c

. . 1 1 x 1 2 1 — 2 x 5 4 2 — 2 x 5 4 2 — 3 x 5 4 2 ____ 2 . 6 5 2

3 4 47

L E S S ;  C K T  L A N D  

N E T  C O S T S  ■ " 0  r ' E  T E F E F f E D  

A f l C R T I l A T l C N  O F  D E F E R R E D  C O S T S  

I l C C f E  E £ 9 , 0 F £  T A T .

C A P I T A L  G A I N S  T A X E S  

i r . C r « E  A F T E R  T A X

1 2 6

1 2 , 3 0 7 7 , 7 1 0  8 . 5 3 5 1 1 , 4 1 8  1 0 , 9 2 6  1 1 , 1 7 1  3 , 5 4 2  3 , 5 4 2  3 , 5 4 2  3 , 6 5 7

 ; _ _ _ _ _ _ _ _ _ ; _ _ _ _ _ _ _ _ _ _ _ _ r  . . 1 2 x 2 5 3  . - 1 0 x 3 5 3  _ l D x 3 5 3 ’  _ l Q x 2 5 3

6 . 5 S O  6 , 5 3 0  6 , 5 3 0  6 , 5 3 0

 r  : _ _ _ _ _ _ _ _ _ r _ _ _ _ _ _ 1 x 2 2 4 ____ 1 x 2 2 4   1 x 2 2 4   1 x 2 2 4

4 , 6 0 6  4 , 6 0 6  4 , 6 0 6  4 , 6 0 6

' • “"'2 1, 6,'’2 1 . 4 7 2
• - c * 4 3 5

2 1 7
■■■ • n
n j 2 1 7

2 2 0 2 2 0 2 2 0
1 '  '-f- — 1 x 2 6 0 ____1, ~,kf.

____2 x 6 0 4 — 2 x 6 0 4

.2.- 2 2 — 3 x 6 1 4 3 x 6 5 1

3 ) 6 3 3 3 , 6 0 4 3 , 6 5 1
.7’, ' P O _ l L x 2 5 3 ____2 x 5 2 2

i . 2 3 0 6 . 5 3 0 1 3 . 3 4 6

.1x224 ____1 x 2 2 4 ____ ixOCl4

4 , 6 0 6 9 , 3 4 2

P L U S  f i ' S P H Z A T I C f l  O F  C O S T S  

L E S S  2 E F E F F : E D  C K T 5  

L E S S  C O S T  O F  L A N D  

P L U S  T A X  C R E D I T S  

h £ T  C A S H  a O H

1 2 , 3 0 7

1 2 6

7 , 7 1 0  3 , 5 3 5  1 1 , 4 1 3 1 0 , 9 2 6  1 1 , 1 7 1

1 0 , 3 5 3  1 0 , 3 5 3  1 0 . 3 5 3  1 0 , 3 5 3

3 , 5 4 2  3 , 5 4 2  3 , 5 4 2  3 , 6 5 7

1 0 . 3 5 3 1 0 , 3 5 3

3 , 6 0 4

( 1 2 , 4 3 3 )  ( 7 , 7 1 0 )  ( 3 , 5 3 5 . )  ( 1 1 , 4 1 8 )  ( 1 0 , 9 2 6 )  ( 1 1 , 1 7 1 )  2 1 , 0 3 1  1 1 , 4 1 7  1 1 , 4 1 7  1 1 , 3 0 7 1 1 , 3 2 4  1 1 , 3 5 5

3 , 5 3 7

3 , 6 5 1

 1
9 , 2 8 3

HAff/ESTINS, CHIPFlNn. t, HAIRING 

R E ' ; D 1 U E

O P E R A T I N G  E X P E N S E S  

I N C O f l E  D E F 3 F E  T A X

I N C O M E  T A X E S  

I H C C « E  A F T E R  T A X

-  1 1 , 1 ! ' '  1 1 . 1 1 7  1 1 , 1 1 7  1 1 , 1 1 7  1 1 , 1 1 7  1 1 . 1 1 7  1 1 . 1 1 7

 ; _ _ _ _ _ _ _ _ _ ; _ _ _ _ _ _ _ _ _ _ _ ; _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ ; _ _ _ _ _ _ _ _ _ _ _ _ =  . . 1 0 x 3 2 5  . . 1 2 x 2 6 5  _ U x 3 3 5  _ 1 0 x 2 1 3  . . 1 0 x 2 3 1  . . 1 1 x 1 5 0  . . 1 1 x 1 4 0

2 ^ 2  ( 1 , 6 4 3 )  ( 2 6 8 )  7 9 9  ? 3 i  ( 3 3 )  ( 2 3 )

. 1 4 4 _____ 1 3 1 2 ) _ _ _ _ _ _ _ 1 1 3 2 ) _ _ _ _ _ _ _ _ 2 2 4   1 6 5 _ _ _ _ _ _ _ _ 1 1 6 ) __ __ __ __ 1 1 1 )

1 4 ?  ( 3 3 6 )  ( 1 3 6 )  4 0 6  1 7 0  ( 1 7 )  ( 1 2 )

P x U S  D E F F E C I A T I C N  

L E S S  C A P I T A L  E X P E N D I T U R E S  

P L U S  T A X  C R E D I T S  

N E T  C A S H  a O U

? , 3 0 3  5 , 2 4 3  3 , 3 6 3  2 , 3 0 1  3 , 2 x 5  3 . - 3 3  3 , 6 2 3

1 6 , 4 5 2  -  -  1 , 3 7 5  7 , 7 2 3  3 , 9 5 7  1 , 3 7 5

. . 3 x 2 1 1 _ _ _ _ _ _ _ _ _ r _ _ _ _ _ _ _ _ _ _ _ r _ _ _ _ _ _ _ _ _ _ 1 2 8 _____ __ 2 2 2   2 2 2   1 2 3

( 9 , 7 3 5 )  4 , 4 1 2  3 , 7 3 2  1 , 9 5 9  ( 3 , 5 2 0 )  4 2  2 , 3 6 4

T O T A L  P R O x i E C T  C A S H  a O H ( 1 2 , 4 3 3 )  ( 7 , 7 1 0 )  ( 8 , 5 8 5 )  ( 1 1 , 4 1 8 !  ( 1 0 , 9 2 6 )  ( 1 1 , ' . 7 1 )  1 1 , 2 4 6  1 5 , 8 2 9  1 5 , 1 4 9  1 3 , 2 6 7  7 , 8 0 4  1 1 , 3 9 6  1 1 . 6 4 7



Table 8-11: Energy Tree Farm Profit 6 Loss and Cash Flow
( $ 0 0 0 )
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C O O R D IN ATIO N  A N D  M AN A G R M IiN T

('ost estimates considered so tar are fo r specific tree p lantation operations, including nur­

sery, cu ltiva tion , hearvesting, etc. The size o f  this venture suggests that the costs o f  coordinating 

and managing the tree p lantation must also be considered.

An organization chart showing the management o f  the p lantation is shown in  Figure <S-3. 

I'he number o f  supervisory personnel identified  is consistent w ith  o ther operations o f  this size 

in the area. Even though the chart has not been fonnu la ted  in great detail, it should suftice to 

indicate the cost involved in the management and coordination o f  the tree p lantation. The num­

bers in each component o f  the chart represent the num ber o f  supervisory personnel required. 

It is assumed that certain operations, such as chip hauling and road maintenance, w ill function  on 

a two shift basis.

To pro ject the cost o f  coord ination and management, the supervisory personnel depicted 

in Figure 8-1 are placed in to  tw o groups: the pro ject manager and contro lle r group, and the field 

manager group. The cost o f  the first group is estimated as fou r percent o f  the to ta l operating 

cost o f  the tree p lantation (the cost o f  specific operations developed previously). This w ill be 

$449,000 per year. The cost o f  the fie ld  manager group is estimated based on the number o f 

supervisory personnel and annual cost o f  d iffe ren t classes o f  supervisors. I t  is estimated at 

$696,000. O f the $1,145,000 to ta l coord ination  and management cost, $710,000 should be 

allocated to the harvesting/chipping/hauling operations (70 percent o f  $449,000, plus the sala­

ries o f  the harvesting ami road construction supervisors); the remaining $435,000 should be 

charged to  the farm ing operations. (D uring the in itia l six-year p lanting period, however, there are 

no hai-vesting operations and all management expenses must be charged to  the agriculture 

function.)

T O T A L  CASH FLOW

A financial overview o f  the proposed pro ject is presented in tw o  alternative ways:

o Table 8-8 gives the average cost o f  chips, as i f  used as feedstock in a subsequent process­

ing operation. Revenues are assumed to  be zero; costs and p roduction  are adjusted 

fo r tim e values, as previously discussed.

o Table 8-9 shows the P ro fit and Loss Statement and cash flow  used to  derive the 12

percent rate o f  return i f  a revenue is assigned to  the chips produced. The assigned
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revenue is based on the assumption that each ton  o f chips (green weight) is approxi­

mately equal to  one barrel o f  bo ile r fu e l; at 935,000 tons o f  chips per year and $30 

per barrel fo r o il, th is results in a to ta l revenue assumption o f  $28,050,000 per year. 

O f this to ta l revenue, $11,117,000 is allocated to harvesting (representing the 

$6,800,000 approximate cash cost per year, plus $4,310,000 fo r recovery o f  the 

in itia l capital investment, plus an 8 percent cost o f  m oney /p ro fit factor).
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Appendix A 

RESUMES

A G U IA R , GENE 

Education; 

Experience:

BA , 1966, U niversity o f  Portland, Politica l Science.

1981 to  present: Davies Hamakua Sugar Company Land Coordina­

to r  -  land sales, exchanges, development, etc. 1971-81: Theo H. 

Davies &  Co., L td . (Laupahoehoe Sugar Company &  Davies Hama­
kua Sugar Com pany) Industria l Relations D irector, Industria l Rela­
tions A ctiv ities  &  Housing Management &  Development. 1969-71: 

Hamakua M ill Com pany, Irriga tion  Supervisor Development and in ­

sta lla tion  o f  irriga tion  system.

C A N A N , PENELOPE

Education and 

Memberships:

Experience:

C on tribu tions and 

Awards:

Ph.D., 1976, M .A . 1972 U niversity o f  Denver, Sociology, A.B. 1969 

University o f  N orth  Carolina-Chapel H ill. Member, American 

Sociological Association, American Planning Association, Pacific 

Sociological Association, Sociologists fo r Women in  Society.

1978 to  present: U niversity o f  Hawaii, teaching po licy  analysis, 
com m un ity  developm ent, social impact assessment, com m unity  

services, and facilities p lanning; 1977-78, Univ. V irg in ia , D irector 

Federal Presence in M idd le tow n, USA; 1976-77 East-West Center 

Research Partic ipant; 1975-76, Am erican Bar Foundation, Research 

Associate.

Published M oloka ’i Data Book: C om m un ity  Values and Energy

Development, 1981; published Overview o f  Socio-Economic Issues 
in Geotherm al Energy Development in Hawaii, 1980. Much re­

search on social change related to  alternate energy development.
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CHING, CHAUNCEY T.K.

Education: Ph.D. 1967 U niversity o f  California-Davis (A g ricu ltu ra l Ficonomics), 
M.S. 1965 University o f  Califom ia-Davis (A gricu ltu ra l liconom ics), 

B.A. 1962 University o f  California-Berkeley (Economics).

Experience: 1980 to  present: Professor o f  A gricu ltura l Economics, University 

o f  Hawaii at Manoa -  p roduction  economics research, teaching in 

computer application to  economic analyses; 1972-80: University 

o f  Nevada-Reno, p roduction  economics research teaching in pro­

duction  economics and operations research; 1968-72: University ol 
New Hampshire, resource economics research, teaching in regional 

economics and statistics.

DENYES, JOHN S.

Education and 
Memberships: M .B.A. 1965 Harvard, B.S. 1963 University o f  C a lifo rn ia-Bcrkc ley, 

Mechanical Engineering; Member o f Pi Tau Sigma, Tau Beta Pi, 

Hawaiian Sugar Technologists, Hawaii Society o f  Corporate Plan­

ners, part member o f  C alifo rn ia  Ins titu te  o f  Technology.

Experience: 1981 to present: D irecto r o f  Corporate Development, Alexander &  

Ba ldw in, Inc., p lanning, capital budgeting, acquisition analysis 
1975-81: Hawaiian Commercial &  Sugar Company, Maui, Planning 
&  Budget Department Head; 1969-75: HC&,S, Planning Supcni:
tendent/P lanning Manager; 1968-69: A lexander &  Baldw in. Inc.,
Planning A nalyst; 1965-68: C. Brewer &  Company, M ilo aiul llo n o  

lu lu . Industria l Engineering/Planning Department.

C on tribu tions: Analysis o f  koa haole fuel wood farm  on M oloka i; fo rm u la tion  and

application o f  computerized financia l forecasting/planning model 

fo r sugar p lan ta tion ; analysis o f  irriga tion  system selection and ex­

pansion program fo r largest p lanta tion  in Hawaii; feasib ility  study 

o f  expansion and alternative cropping program fo r 9000-acre 

pota to /w heat farm  in Washington; evaluation o f  possible acquisi­
tions o f  tw o  sugar plantations, meat packing fin n , agricultural 

equipm ent suppliers, etc.
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Education and 
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1963-66: A g ricu ltu ra l E d ito r, University o f  Idaho, Moscow.
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Education: B.S. 1967 Oregon State U niversity.
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Education and 

Memberships: Ph.D. 1968 Penn State U niversity, M.S. 1956 U niversity o f  Hawaii 

at Manoa; m ember o f  Am erican Society o f  Agronom y, Soil Science 
Society o f  Am erica, In te rna tiona l Soil Science Society.

Experience: 1955 to  present: University o f  Hawaii at Manoa, soil characteri­

zation and classification, teaching in tro du c to ry  soil science, soil 

fo rm ation , and classification. Sabbatical leaves w ith  Soil Correla­
tio n  U n it o f  USDA Soil Conservation Service, Texas, and A g ricu l­

tu ra l U niversity at Wageningen, the Netherlands.

C ontribu tions: Published papers on the classification o f  soils o f  Hawaii.

K A M E N , TE R R Y  P. 

Educa tion : B.A. 1972 U niversity o f  New Y ork , Queens College D ivision, 
Com m unications and Engineering.

Experience: Present: Owner and President o f  Woodfuels, Inc. Operator o f

wood chips fo r energy production  on Kauai, supplying Lihue 

P lanta tion ’s bagasse boiler.

C on tribu tions: Created firs t wood chip business solely fo r  energy p roduction  in

Hawaii. Many previous experiments had been w ith  waste materia! 

from  o ther logging operations.

K IN G , TE R I D.

Education and 

Membership: A.S. 1976, Hawaii C om m un ity  CoUege; member o f  Young Fanner’s 

Organization.

Experience: 1981 to  present: B ioEnergy Development Corp., Operations Super­

visor, oversees to ta l p ro ject operation; 1979-81: B ioEnergy Deve­

lopm ent Corp., Forest Technician; 1978-79: Hawaii C om m unity  

College, Farm Assistant.
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Education and 

Memberships: M.S. program in Agronom y, University o f  Hawaii at Manoa, 1981- 
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ington State U nivers ity , 1980; B.A. Washington State University. 

Politica l Science Natural Re.sources Policy A dm in is tra tion , 1980; 

member: In te rnationa l Society o f  Tropica l Foresters, Soil Conser­

vation Society o f  Am erica, Am erican Society o f  Agronom y.

M ELRO SE, JEFFR EY

Education: M .A. 1981 U niversity o f  Hawaii at Manoa (Urban and Regional 
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Education and 

Memberships: M.S. 1979 University o f  Hawaii at Manoa, B.S. 1976 University ol 

California-Berkeley.

Experience:

Contributions:

1980 to  present: BioEnergy Development C orporation, Agrono­

m ist/Soil Scientist, responsible fo r all cooperative research e ffo rts  

w ith  the U.S. Forest Service; 1977-79: University o f  Hawaii

Cooperative Extension Service, Lab Technician.

('o-authored paper on calcium n u tr itio n  o f  Taro, 1979. Research 
experience in experijnental design.

S E K l, AR TH U R

Education and 

Membership: M.S. 1976 U niversity o f  Hawaii at Manoa, Sanitary Imginecring: 

B.S. 1974 Arizona State University, ('hem ical Engineering; member 

o f  American Institu te  o f  Chemical Engineers.

Experience: 1976 to  present: Hawaii Natural linergy Ins titu te , fie ld work and 
data analysis w ith  Hawaii Ceotherm al Project, energy scll- 
su ftlc iency research analysis fo r Maui ( 'o u n ty , Kauai C ounty, am^ 

M oloka i; solar researcher on W ilcox Hospital pho tovo lta ic  projcci 

and roo fto p  pho tovo lta ic  p ro ject; biomass resource analysis on syn­

thetic  fuel project.

C ontribu tions: Pubhshed numerous papers on geothermal engineering and well-tes!

analysis, and energy self-sufficiency fo r various ccrunties and islands.
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mental Advisory Com m ittee, National Aeronautics and Space 
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Experience: 1980 to  present: Chairman, Department o f Botany, University
o f  Hawaii at Manoa; 1967-present: Professor o f  Botany, UHM;
1958-67: Head, Phy,sical B iochem istry ( iro u p . Union Carbide
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University o f  Rochester.
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(iuggenheim F'ellow, University o f  R i'chester; 1953 Research Fel­
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Education and 
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Fx|uipmcnt o f  American Society o f  A gricu ltu ra l Fingineers; member 
o f  Fechnical Advisory ( iro u p  ( 'l 'A ( i)  in U.S. fo r the International 
Standards Organization (ISO) Sub. Comm. 15 fo r Forestry Ma­
ch in e ry ; Member Alabama Forestry Council.

Fixperience:

( ’on tribu tir)iis  and 
Awards:

1976 to present: Southern Forest Experim ent S tation, forest
engineering research related to forest management specializing in 
tim ber harvesting; 1970-75: Fiquipment Development S ta ff Engi­
neer, U.S. F’ orest Service National O ffice , Washington, D.C.; 1960- 
69. Equipm ent Development Project Engineer, U.S.F.S. Equip­
ment Development Center, San Dimas, C A .; 1959: Research (engi­
neer, Curtiss W right, Corp.

Published 15 scientific  papers and reports and 20 Forest Service 
national equipm ent specifications.
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Memberships; Ph.D. 1977, University o f  Hawaii at Manoa, Agronom y and Si)il 
Science, Tissue C ulture , M.S. University o f  Califo rn ia, S ilv iculture, 

B.S. 1957, University o f  C aliforn ia. Member: Society o f  American 
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Plant Tissue C ulture , Forest Products Research Society. Registered 

Professional Forester, State o f  Californ ia No. 490. Published 36 
papers on various forestry research subjects outlined  above.

Experience: 1960 to  present: U.S. Forest Service research on forestry and fo r­

est products u tiliza tion  in Hawaii, including forest survey, mensiira- 

tional studies, studies o f  natural and a rtific ia l regeneration (tree 

p lanting); physical and mechanical properties, tiu ra b ility  and uses o f 

Eucalyptus saligna, robusta, globulus. Acacia koa, etc.; ( iro w th  oi 
p lantation species, tissue culture aiul o ther vegetative inopagation 

techniques fo r koa, coppice management o f  li. globulus and f . sa­
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ta, Grevillea robusta, etc. 1958-60: Soil Scientist mapping soii.s

and vegetation in N orthern  coastal C aliforn ia. 1979-present: mem­

ber United Nations N orth  American Forestry Commission S ilv icul­

ture Study G roup.

SPRAGUE, JOHN E.

Education and 
Memberships: M.S. 1958, B.S. 1954, Montana State University. Member, Nat ional 

Association Conservation D istricts, past member. Soil Conservation 

Society o f America.

Experience: 1960-81: D is tric t Conservationist w ith  experience in small grain

and livestock operations and trop ica l agricu lture; 1958-60. soil 

conservationist; 1954-56: teacher o f  Vocational A g ricu ltu re ; 1946- 

49: small grain farm er; 1944-46: U.S. Navy.
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Memberships: Ph.D. 1963, University o f  Hawaii (Soil Chem istry); M.S. 1959, 

N. Mexico State University (Soil Chem istry); B.S. 1957, Pnrduc 

University (A g ricu ltu re ); membership in American Society o f 

Agronom y, Am erican Society o f  Soil Science, In ternational Society 

o f  Soil Science, (iam ma Sigma Delta, Sigma X i; member o f  an 
In te rnationa l Panel on Tropica l Legumes called fo r by the Natitinal 

Academy o f  Sciences (1979).

experience: 1959 to present: Professor o f Soil Science, University o f  Hawaii at 

Manoa Forest tree n u tr itio n , forest soils, soil fe rtility /ch em is try  ' 

p lant n u tr it io n , pasture fe rtiliza tion  ,md management, tle ld and 
vegetable crops, sugarcane. Investigation o l lorest soil in Indonesia 

(1972), sabbatical leave 1970-71: visiting Scientist Purdue Univer­

s ity , sabbatical leave 1978-79: Professor and Head Department o f 
Soils and Irriga tion , University o f  Jordan; several consultantships 

on land u tiliza tio n , pasture, and crop management.

C on tribu tions and 

Awards: Published over 60 scientific  papers, received several grants fo r re­

search on pasture management and so il/p lan t relationships.
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F ilueation: B.A. 1970, University o f  M issouri, English and Hdueation.

'.xperience: Present: Researcher, W rite r/E d ito r, College o f  Engineering, Univer­

s ity o f  Hawaii at Manoa; 1978-81: W rite r/E d ito r, Hawaii Natural 

Energy Ins titu te , w riting  and editing  technical and general informa- 
rion reports, preparing public in fo rm a tion  publications; 1977-78: 

News Reporter, Advertising C opyw rite r; 1970-77: English and

( ’on ipos ition  teacher.

C on tribu tions : Fi,dited and w rote  numerous papers and reports on biomass, geo­

therm al, ocean, solar, and w ind energy.
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Education and 

Memberships: M.S. 1 98 !, University o f  Hawaii at Manoa (Agronom y), B.S. 1973, 

Michigan State U niversity (Forestry); member: Gamma Sigma

Delta, X i Sigma Pi.

Experience: 1978 to  present: Degree partic ipant, Resource Systems Institu te , 

East-West Center, and research on biomass p roduction  o f  w oody 

species fo r energy. U niversity o f  Hawaii at Manoa. Consulting work 
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U.S. Forest Service (surveying).
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national conferences.
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E duca tion : B.S. 1962, Oregon State U niversity, Forest Management.

Experience: 1962 to  present: D is tric t Forester, Hawaii D is tric t, D ivision o f
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E X E C U T IV E  SUM M ARY

This report describes work performed by the In s t itu te  of Gas Technology 

(IGT) as part of a study to Investigate  the fe a s ib i l i ty  of producing o ils  and 

other fuels  from Hawaiian biomass. IGT's work has consisted of providing  

process designs and estimates of investment and operating costs using IGT's 

HYFLEX process.

The HYFLEX process features a short residence time hydropyrolysis. Ex­

tensive design data had been previously developed in  IGT laboratories on 

app lication  of HYFLEX to lig n ite s  and a s ig n ific a n t amount on app lication  to 

peat. I t  was contemplated that th is  data base on l ig n ite  and peat conversion 

would be s u ff ic ie n t fo r prelim inary screening designs, which would then be 

confirmed by tests on a Hawaiian biomass to be selected during the course of 
the p ro jec t.

Early work consisted of establishing a Base Case Process Design and, 

simultaneously screening various candidate feedstocks by elemental chemical 

analysis and Fischer Assay analysis. At the beginning of March 1981, a deci­

sion was made by PRI that the preferred feedstock would be eucalyptus wood.

This decision was taken on the basis that eucalyptus would be preferred be­

cause of a v a ila b il i ty .  Following th is  a l l  work, including the tests made to 

confirm the Base Case Process Design, were confined to eucalyptus.

This study is  based on a system to pyrolyze 1000 tons/day (dry basis) of 

eucalyptus tree  wood. Two separate events have been considered. In  one case 

(Base Case A) i t  is  considered that whole logs w i l l  be delivered to the p lan t. 

That being the case, an add itional 678 tons/day (dry basis) of wood is  re­

quired to produce steam, e le c tr ic  power, process heat, and heat to dry moist 

wood. A lte rn a te ly , i t  is  considered that wood chips may be delivered to the 

p lan t. In  the la t te r  case (Base Case B ), reduction of u t i l i t ie s  required fo r  

chipping and grinding wood, lowers the add itional wood required to A6A tons/day 

(a to ta l of 1464 tons/day instead of a to ta l of 1678 tons/day).

The Base Case processing is  depicted in  the process flow diagram and 

described below.

Wood logs are brought to the plant and chipped (Base Case A) or a lte r ­

nately  (Base Case B ), wood, chipped in  the f ie ld  and a ir -d r ie d  to approximately

i i i
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30% moisture, is  brought to the plant by trucks. Wood chips are fed through 

size-reduction and drying equipment, where they are ground to about 20-mesh 

p a rtic le  size and dried to a moisture content of 5% to 10%. Chips are then 

mixed with recycle gas and fed to the pyrolysis reactor. Following reaction  

at about 1100®F and 200 psig, char and liqu ids  are separated from the reactor 

o u tle t gas. LPG and CO2  are removed and, since fue l gas is  not a desirable  

product at the location contemplated, the remaining gas is  reformed w ith steam 

fo r production of a high hydrogen content gas that is  recycled to the HYFLEX 

reactor.

Costs of a l l  major equipment fo r the Base Case designs have been deter­

mined and factored estimates of the to ta l erected plant investment made. The 

to ta l cap ita l required fo r completed f a c i l i t ie s  and estimates of annual oper­

ating costs (exclusive of investment) are shown in  the follow ing tables.

iv
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CAPITAL REQUIREMENT 
(1st Quarter 1981 D ollars)

Total Plant Invaatacnt
Initial Charge of Catalyat and Chaalcala
Spare Parti
Intcrcit During Conicructlon (Plant 
Invaatacnt Coat x Average Spending 
Period of 1.5 yeara x lOJ)
Start-Up Coat (201 of Groaa Annual 
Operating Coat)

Working Capital
Raw Hateriala Coat for 1 Month
Payroll Burden for 1 Month

Total Capital Rcqulreaents

1.234
0.119

CaaeA
$ KillIon

Caae B

47.549 38.169
0.100 0.100
0.250 0.250
7.132 5.725

3.337 2.901 —

1.076
1.353 0.119 1.195

59.721 48.340

Rcvlaed coata for delivery of wood chips and fines to plant instead of 
logs and for hot carbonate gas cleanup Instead of amine.

TABLE OF ANNUAL OPERATING COST 
(1st Quarter 1981 D ollars)

Case A Caae B
--------  $ Billion------

Wood —  69.9 or 61.0 tons/hr (dry baala) 
at 524.51/ton of dry wood**

Water ~  65 gpm at 51.00/1000 gallons
Catalysts and Chemicals
Process Operating Labor —  20 acn 

at 520K (average)
Supervision at 20X of Process Operating 

Labor
Administration and General Overhead at 

601 of Process Operating Labor
Maintenance at 32 of Plant Investment 

Cost (502 Labor plus 502 Material)
Taxes and Insurance at 22 of Plant 

Investment Cost
Total

13.507

0.031
0.050
0.400

O.OBO

0.240

1.426

0.951

16.685

11.807

0. 022

0.050
0.400

0.080

0.240

1.146

0.763

14.508

* *

ee*

Based on 902 plant service factor
At 51.50/10^ Btu based on higher heating value.
Revised costs for delivery of wood chips and fines to plant 
instead of logs and for hot carbonate gas cleanup Instead of 
amine.

t e c h n o l o g y
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U n til the decision was made that eucalyptus wood would be the preferred  

feedstock on the basis of a v a ila b i l i ty ,  prelim inary screening analyses were 

conducted on a va rie ty  of candidate feedstocks. M ateria ls  tested-included  

the follow ing:

*  Eucalyptus limbs •  Bagasse

*  Leucaena limbs •  Sugar cane s ta lk
*  Pineapple waste •  Ohio wood

*  Sugar cane waste •  A lb izz ia  wood

*  Guinea grass

Proximate and Ultim ate analyses show that the main d istingu ish ing feature  

from one feedstock to  another is  the ash content. Leucaena and eucalyptus 

have very s im ila r analyses and very low ash contents of around 1.5  weight per­

cent. Their su lfu r and nitrogen content is  also low. Bagasse has higher ash 

content than the woods, at 3.4 weight percent, but is  otherwise qu ite  s im ila r . 

So also, the pineapple waste, but the su lfu r and nitrogen content is  s ig n i f i ­

cantly higher fo r th is  feedstock. The sugar cane waste analysis shows a very 

high ash content (21.9 wt % on the proximate an a lys is ). Sugar cane s ta lk  had

a very high water content (68.9%) as would be expected. Also, i ts  hydrogen-

to-carbon ra t io  (H/C) of 1.75 was the highest value recorded,

Fischer Assay tests were also made on a l l  of the candidate feedstocks 

except bagasse. O il y ie lds varied from 6% (leucaena) to 15% (pineapple w aste). 

Eucalyptus gave 11% to 13.5% o i l  y ie ld .

Some add itional observations that a rise  from examination of Fischer Assay 

data are:

•  Sugar cane stalks gave a higher y ie ld  of water than sugar cane waste.

•  A lb izz ia  wood gave a good y ie ld  of o i l ,  a t 12.2%, despite i t s  p ith y ,
wet appearance in  the f ie ld .

•  Guinea grass gave an average o i l  y ie ld  of 10.7% which, a lso , was 
re la t iv e ly  high.

Examination of the o ils  produced from Fischer Assay show that the o ils  

from sugar cane waste, pineapple waste, and guinea grass had higher carbon- 

to-hydrogen ra tio s  and lower oxygen contents than the o ils  from the wood.

Char analyses show that the sugar cane waste and grass had the highest ash 

content (possibly some s o il a ttr ib u tin g  to I t ) .

vi
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The composition of the gases svolvsd during the Fischer Assay show al<- 

Biost 90Z of the gas is  siade up by four components: CO, C02, H2 , and CH^. The 

CÔ  by i t s e l f  is  75X of the gas, w ith  CO about 25% and CO2  around 50%. Hydro­

gen is  about 2%, as are the C2 *b. Methane is  about 10%, being the p rin c ip a l 

hydrocarbon gas evolved in  the long residence tim e, low heating ra te  reaction  

system of the Fischer Assay d is t i l la t io n .  The gases evolved were a l l  very 

s im ila r  regardless of the feedstock. A lso, the to ta l gas y ie lds from the 

various feedstocks do not vary very much. This leads to the conclusion that 

varia tio n s  in  reaction  severity  would have a much greater impact on gas yields  

and q u a lity , and therefore p lant design, than would changes in  feedstock.

Y ields and compositions of products fo r  the Base Case design were e s t i­

mated from general pred ictions. These were derived from laboratory, bench- 

scale, and PDU data generated fo r HYFLEX operations on l ig n ite  and peat pre­

vious to the s ta r t  of th is  program. Subsequently, seven bench-scale (150 to  

300 grams of feed) tests w ith  eucalyptus wood and one PDU (8 -1 /2  lb  of feed) 

test w ith leucaena wood were undertaken to v e r ify  the Base Case design 

assumptions.

Analysis of the test data on wood pyrolysis show th a t, a t conditions lead­

ing to the same percentage production of organic liq u id  as that assumed for 

the Base Case design, the follow ing generalizations apply:

•  Char, LPG, water and gas production quan tities  w i l l  be sub stan tia lly  
the same as fo r the Base Case design.

•  Hydrogen consumption w i l l  be about the same as fo r the Base Case.

•  Unit heating value of the product o i l  w i l l  be considerably lower than
fo r the Base Case (11,000 to 15,000 B tu /lb  versus 19.958 B u t/lb ). This 
is  due to higher oxygen content (14.5% to 33% versus 2.4%).

•  Unit heating value of the product char is  considerably lower than the
Base Case (about 9000 B tu /lb  versus 14,239 B tu /lb . This is  also due 
to higher oxygen content (16.5% to 24% versus 1.8%).

•  The s o lu b ility  of product o i l  in  water produced and the s o lu b ility  of
water produced in  the product o i l  are both higher than fo r the Base Case.

Because of the decreased heating value of both o i l  and char, maintaining  

the same heating value output o f products as fo r  the Base Case requires a 

s ig n ific a n t increase in  the quantity o f o i l  and/or char. O il production can 

be increased by employing m ilder conversion conditions (lower tem perature). 

Unfortunately, increasing o i l  y ie ld  in  th is  way heightens the s o lu b ility  of 
the o i l  in  water.

v i i
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I t  Is  apparent that the test data do not s a t is fa c to r ily  support the values 

assimed fo r the Base Case design. Therefore, adjusted design quantities  and 

compositions more in  lin e  w ith tes t figures have been developed.

In  order to maintain a design that w i l l  give a cost of products comparable 

to the Base Case design, conditions should be such that the to ta l heating value 

of the desirable products (char, o i l ,  and LPG) produced should be as high as 

possible. Since o i l  is  probably the most desirable and probably the most valu­

able product, i t  seems appropriate to design fo r the highest heating value in  

o i l  and LPG.

I t  was not apparent from the test data generated th a t, a t the tempera­

tures and pressures contemplated, a high hydrogen concentration in  the reactor 

gas is  e ffe c tiv e  in  improving yie lds or q u a lity  of the liq u id  product. A 

sim plified  process system from the Base Case design has, therefore, been de­
vised wherein reforming of recycle gas to increase hydrogen concentration has 

been elim inated. Steam is  not required fo r reforming so that the waste heat 

b o ile r  following the pyrolysis reactor is  replaced by a reactor feed/product 
exchanger. However, a feed heater must be added to make up sensible heat pre­

viously added in  the reformer. Gas cleanup (fo r CO2  removal) is  not necessary 

fo r reducing CO2  concentration in  the recycle gas.

Whereas, in  the Base Case, a l l  gas produced in  the process was used in  

the reformer furnace, the f in a l  design uses only a fra c tio n  of the produced 

gas fo r the feed heater. The remainder w i l l  be ava ilab le  fo r other plant use 

to reduce the amount of fu e l wood required. Lack of s u ff ic ie n t funds did not 

permit making a new heat balance or ca p ita l investment fo r th is  f in a l  design. 

Undoubtedly, the cap ita l cost w i l l  be decreased and the quantity of wood re­

quired fo r fu e l w i l l  be reduced from the Base Case design.

For the f in a l design the quantities and compositions of organic liq u id , 

char, and fu e l gas produced by pyrolysis of 1000 tons/day (83,333 lb /h r)  of 

eucalyptus wood are as fo llow .

viii
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CKar
lb/hr vt t lb/hr vt X

C 20,620 66.6 U.250 57.9
B 2,030 6.3 931 6.6
0 9,302 29.1 5,616 26.5
H 27 0.1 27 0.1
S 17 0.1 16 0.1
Aah — — 2,333 11.0

31,996 100.0 21,173 100.0

HHV, Btu/lb 10,693 8,766

Pu«l C«s
lb/hr ■ol X

®2 265 16.1

CO 9,517 65.1

COj 7,689 22.5

CH, 1,673 12.2

C2H, 572 2.7

<=2«6 307 1.6

19,667 100.0
■HV, Itu/SCF 387

In  order to a rriv e  at the cost of product production, we have used the 

investment and operating costs developed fo r the Base Case A and Base Case B 

designs w ith  product quantities  and qxiality developed fo r the F in a l Process 

Design. Project funding was not adequate to prepare revised investment and 

operating costs fo r the F ina l Process Design case. I t  is  believed that the 

investment in  the la t te r  cost w i l l  be lower on account of less fu e l wood re­

quired because added fu e l gas w i l l  be ava ilab le  when the steam reforming of 

recycle gas is  elim inated. Therefore, the figures set out h erea fte r fo r  

production costs w i l l  be conservative.

On the basis of 1000 tons/day (dry basis) of eucalyptus wood converted, 

the plant products and th e ir  heating values w i l l  be as follows:

i x
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Organic Liquid  

Char

lb /h r  

31,996 

21,173

B tu /lb
10,493

8,764

10 Btu/hr 

335.7 

185.6

521.3
Table V I I -1  aummarlzes the c a p ita l and operating costs fo r Case A (see 

Section I I I  fo r d e ta ils ) and fo r Case B (see Section IV fo r d e ta i ls ) . Based 

on the above p lant products producing 4.110 X 10^ MM B tu/yr (a t 90% plant ser­

v ice fac to r) and, using Investment and operating costs developed fo r the Base 

Cases, the costs of organic liq u id  and char considered together on a Btu basis 

are shown below as a function of delivered wood p rice .

Vood Cost, 
 $/ton

Products Cost, $/10 Btu
Case A Case B

24.51 6.24 5.29
30 6.98 5.93
35 7.65 6.51
40 8.32 7.10
45 8.99 7.68
50 9.66 8.27
55 10.33 8.85
60 11.00 9.44

* *
Whole logs delivered to plant 

Chips delivered to p lan t.

Gaseous emissions from the p lant w i l l  consist of flu e  gas from wood 

combustion and possibly a waste stream of p r in c ip a lly  carbon dioxide. Due 

to the re la t iv e ly  low su lfu r content of eucalyptus wood, only 22 pounds per 

hour of su lfu r is  contained in  vent gases. This corresponds to a heating 

value of 1142 m illio n  Btu/hr in  the to ta l wood u t il iz e d  (0.02 lb/10^ Btu).

I t  is  estimated that approximately 800,000 man-hours of f ie ld  construc­

tio n  labor w i l l  be required fo r plant erec tion . Based on a 40-hour per work 

week, 24-month construction period, average work force w i l l  be 192 persons 

with a peak of 300 persons.

Plant operating personnel is  estimated to require 27 persons.

P lant area requirements, including wood storage, w i l l  be approximately 

22 acres. The ta lle s t  structure w i l l  be about 150 feet high.

«  T  I T  I I  T  F O F C A S T E C H N O L O G Y
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I .  INTRODUCTION

This report describes work performed by the In s t itu te  of Gas Technology 

(IGT) as part of a study to investigate  the fe a s ib i l i ty  of producing o ils  and 

other fuels from Hawaiian biomass. P a c ific  Resources, Incorporated (PRI) sub­
contracted to IGT under PRI's contract w ith  the Department of Energy (DOE). 

IGT's work has consisted of providing process designs and estimates of invest­

ment and operating costs using IGT's HYFLE)^ process.

The HYFLEX process features a short residence time hydropyrolysis. Ex­

tensive design data had been previously developed in  IGT laboratories on 

app lication  of HYFLEX to lig n ite s  and a s ig n ific a n t amount on app lication  to 

peat. I t  was contemplated that th is  data base on l ig n ite  and peat conversion 

would be s u ffic ie n t fo r prelim inary screening designs, which would then be 

confirmed by tests on a Hawaiian biomass to be selected during the course of 

the p ro ject.

IGT's project work commenced on September, 1, 1980.

Early work consisted of establishing a Base Case Process Design and, 

simultaneously screening various candidate feedstocks by elemental chemical 

analysis and Fischer Assay analysis. At the beginning of March 1981, a deci­
sion was made by PRI that the preferred feedstock would be eucalyptus wood. 

This decision was taken on the basis that eucalyptus would be preferred on 

the basis of a v a ila b il i ty .  Following th is  a l l  work, including the tests  

made to confirm the Base Case Process Design, was confined to eucalyptus.

This report describes the Base Case design and cost estimates (Sections I ,

I I ,  I I I ,  and IV) the experimental work done to confirm conditions assumed in  

the Base Case Design (Section V ), the F ina l Process design w ith necessary 

adjustments to the Base Case Design on account of the experimental work re­

su lts  (Section V I ) ,  the estimated cost of production (Section V I I ) ,  descrip­

tio n  of plant e fflu e n t (Section V I I I ) ,  personnel requirements fo r construction 

and operation (Section IX ) , and p lant s ite  area requirements (Section X ) .

I - l





6/82 65045

II. BASE-CASE DESIGNS -  PROCESS SUMMARY
The base case wood hydropyrolysis plant has been designed to pyrolyze 

eucalyptus wood in the presence of hydrogen to produce fuel oil, propane and 
butane (LPG), and solid char as salable products.

A gas stream which is left after the removal of propane and butane in 
liquefied form is subjected to catalytic steam reforming to augment the 
hydrogen content of the gas by steam reforming low molecular weight hydro­
carbons into H2 and CO. The reformed gas is recycled to the pyrolysis re­
actor as a carrier of the wood particles and also to act as a supplier of 
hydrogen needed for the reaction. About 80% of the reactor effluent gas is 
utilized for reforming and recycling. The other 20% of the gas stream is 
burned in the reformer furnace to provide the necessary heat. Thus, the plant 
does not produce any surplus fuel gas to be considered for sale.

The plant will pyrolyze 1000 tons/day (dry basis) of eucalyptus tree wood.
*The normal feedstock will be young eucalyptus trees (about 5 years old).

In the Base Case design, two separate events have been considered. In 
one case (Base Case A), it is considered that whole logs will be delivered to 
the plant. That being the case, an additional 678 tons/day (dry basis) of 
wood is required to produce steam, electric power, process heat, and heat to 
dry moist wood. Alternately, it is considered that wood chips may be de­
livered to the plant. In the latter case (Base Case B), reduction of utili­
ties required for chipping and grinding wood, lowers the additional wood 
required to 464 tons/day (a total of 1464 tons/day instead of a total of 
1678 tons/day).

The plant will consume 65 gpm of water for making boiler feed water.

The plant will discharge 75 gpm of wastewater recovered from the process 
stream. Should it be possible to upgrade this water to boiler feed water 
quality, the plant will not need any outside supply of water, as the water 
being formed during pyrolysis of wood inside the reactor will then be able 
to meet the plant water demand.

The design basis is given in Table 11-1.
it A decision was made at the beginning of March 1981 to use your eucalyptus 

trees as the feedstock.

11-1
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Table II-l. DESIGN BASIS FOR HYFLEX WOOD CONVERSION

Design Parameter

Feed Material to Process

Feed Size and Condition at 
Plant Delivery

Feed Delivery Rate

Plant Products 

Power Supply

Water Supply 

Steam Supply

Environmental Considerations

Specification

Eucalyptus tree wood; usually 5-year old trees.

For Base Case A, wood logs about 10 ft long 
and up to 8-ln. diameter or for Base Case B, 
wood chips about 2 x 3/A in. size plus fines. 
Maximm of 50% moisture content in either case.

1668 tons/day for logs or 1A6A tons/day for 
chips (both dry basis).

Fuel oil, LPG, and char

The plant will produce its own electrical 
power as required.

The plant will get water supply needed for 
making boiler feedwater to produce steam and 
power. Water consumption is minimized by 
utilization of air cooling.

The plant will make its own steam as needed 
for the process.

The plant is designed to operate so that the 
effluent water stream and vent gas streams 
will be within the environmentally safe and 
permissible values.

The Base Case processing is depicted in the process flow diagram of 
Figure II-l and described below.

Wood logs are brought to the plant and chipped (Base Case A) or alter­
nately (Base Case B), wood, chipped in the field and air-dried to approxi­
mately 30% moisture, is brought to the plant by trucks. Wood chips are taken 
from the stockpile by a front-end loader and fed through size-reduction and 
drying equipment. Here, the wood chips are ground to about 20-mesh particle 
size and dried to a moisture content of 5% to 10%.

Dried wood particles are elevated into the Feed Receiving Hopper, V-1. 
Wood particles are fed intermittently from V-1 into the Feed Lockhopper, V-2. 
V-2 is outfitted with a system allowing it to be alternately pressured and 
depressured with gas. With V-2 at atmospheric pressure, the valve between

I I - 2
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V-1 and V-2 is opened and wood particles flow from V-1 into V-2. The con­
necting valve is then closed and the pressure in V-2 is raised to the process 
operating pressure (about 200 psig) by introducing pressurized gas. When the 
pressure is sufficiently high the valve between V-2 and the Feed Injection 
Hopper, V-3, is opened and wood particles flow from V-2 into V-3, thereby 
maintaining a continuous inventory of wood particles at process pressure in V-3.

Wood particles are fed from V-3 into the process at a steady rate by means 
of a rotary valve. The wood particles are then entrained in a stream of hot 
(1400° to 1600°F) gas containing about 50% hydrogen with the remainder being 
principally water vapor. The wood particles and hydrogen-rich gas flow through 
the HYFLEX Reactor, V-4. In a few seconds time at the conditions prevailing 
in V-4 (250 psig and 1000® to 1200®F), the wood particles are converted into
oil, water, LPG, gas, and char. All products leaving V-4 are in gaseous state
except char which is a solid.

Solid char is removed from the product gas stream leaving V-4 by the 
Cyclone Separator, V-5. The solids from V-5 intermittently flow down into the 
char lockhopper, V-6. The gas pressure in V-6 is then lowered to atmospheric 
by venting to the plant fuel gas system. Char is then removed from V-6 for 
shipment as solid product.

The gas stream from V-5 passes through a series of waste heat exchangers 
where it is cooled by successively superheating steam (E-1), boiling water for 
steam production (E-2), and preheating boiler feed water (E-3). In this way,
process steam is produced at about 250 psi to be used at a later stage in the
process.

Gaseous product is cooled by heat exchange with air (E-4) and, finally 
with cooling water (E-5) to 100®F. At this temperature and with a system 
pressure of about 200 psi, most of the oil produced in V-4, and contained in 
the gas, will be condensed. Liquid oils are separated from gas in Knock-Out 
Vessel, V-8. The liquids flow from V-8 into Flash Tower, V-9, where the pres­
sure is lowered and dissolved gases are released to the plant fuel gas system. 
The stabilized liquid then flows from V-9 into Oil/Water Separator, V-10, 
where oil is skimmed off after separating from water. The water is produced 
partly as a product of the reactions in V-4 and partly by condensation of 
steam introduced into V-4. Oil product is ready for shipment as a crude oil 
product for further refining elsewhere.

I I - 3



*•1iMvlvlat

fMtf UCft

f-4
VTftti ■— ctf

I - 'Ĉ lMW
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Gas from V-B is processed for recovery of propane and butane which are 
taken as a mixed LPG product. A number of alternate commercial systems for 
this operation, such as low-temperature distillation, oil absorption, and 
cyclic absorption on solids were investigated. Cryogenic processing was 
selected as being the most suitable.

Carbon dioxide (CO2), which was formed in V-A is then removed from the 
gas stream. This may be either by absorption in regenerable alkaline solu­
tions or by adsorption on molecular sieves. Removal of CO2 at this point and 
water removal in the preceding step, where oil and water are condensed out, 
are the means for removing from the process system the relatively high content 
of oxygen that is contained in the molecules of wood feed.

Following COj removal a portion of the remaining gas is compressed (C-1) 
to compensate for system losses, preheated to about 1200®F after mixing with 
superheated steam, and passed through the Reformer, V-11. V-11 contains alloy
steel tubes filled with nickel catalyst through which the process gas passes. 
The tubes are externally heated by combustion of the portion of circulating 
gas not compressed, and taken to the reformer tubes. Steam and components 
of the gas, such as methane and ethane react in the presence of the catalyst 
to produce hydrogen. Hot hydrogen-rich gas leaving V-11 then proceeds to 
pick up wood feed to carry it through V-A. This completes the cycle of cir­
culating process gas.

11-5
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III. BASE CASE A -  DESIGN AND COSTS USING LOGS DELIVERED TO THE PLANT
A. Process Flow and Equipment Requirements

An important consideration for the process design is that the wood to be 
fed Into the pyrolysis reactor has to be ground to about 20*>mesh particle 
size. The conversion of wood logs to 20-mesh size is done in three stages.
In the first stage, the logs are converted into wood chips of about 2 in. x 
3/A in. size. Wood containing as much as 50% moisture can be fed to the 
chipping step; but grinding of the wood chips to fine particles in an effici­
ent manner calls for a lov-moisture content, preferably not exceeding 5% to 
7%. On this account, the wood chips are dried to about 5% moisture in rotary 
dryers. Only dried wood chips are to be subjected to grinding operation.

Wood chips are burned in a fluidized-bed wood combustion system to pro­
duce hot gas that is utilized for supplying the heat needed for drying the
chips as well as the heat needed for steam and power generation and also for
some process heat requirements. About A0% of the total wood feedstock will 
be consumed in the plant to provide heat and about 60% of the wood will be 
converted for the production of oil and various other products.

The plant block-flow diagram showing the sequence of processes is shown 
in Figure Ill-l. The process flow diagram for the plant is shown in 
Figure III-2. The stream numbers are identically identified in Figure III-l 
and 1II-2 and the material quantities are included in Appendix A, Table A-1. 
Each process unit is described briefly below.
• Unit 110 —  Wood Chipping

Eucalyptus tree trunk sections and limbs, normally having a maximum 
diameter of 8 in. and a maximum length of 10 ft, will be delivered to 
the plant storage yard from the harvesting field by truck. The maximum 
moisture content is 50% by weight. Wood pieces will be taken from the 
stockpile by a front-end loader and conveyed by belt conveyor to be 
fed into Wood Hog machines, CR-101. The total weight of wood going to 
the process will be recorded on a belt weigh-scale. Wood chips (about 
2 in. X  3/A in.) will be produced by Wood Hog machines.

• Unit 120 — Fluid-Bed Wood Combustion

Wood chips from Wood Hog machines will be divided into two parts. One 
part will be conveyed to a wood combustion storage silo, V-101. Wood 
chips will be removed from the bottom of V-101 by an ailger-type unloader 
and conveyed to a metering bin, V-102, from which an air stream will 
carry it to the fluidized-bed combustion system. A-102. The wood

I I I - l

■ ‘ • ' ' ' ■ ■ ' " ’’• p  O F  G A S  T E C H N O L O G Y



WOOD
STOCKPILE

<C>-
<?>

WOOD 
CHtPPING 
U N IT -no

WOOO FOR 
PROCESS 

CONVERSION

5 0  ptig  
3 75  *F

STEAM TO 
REBOILER 
IN GAS CLEANUP

POWER
GENERATION

U N IT-IA O

3 0 0  psig 
6 5 0  T  
STEAM

FLUID BED 
WOOD 

COMBUSTION 
UNIT-120

I9y) STEAM
GENERATION

UNIT-130

- O

WOOD
CHIP

DRYING
U N IT-150

TO
U N IT -260

WATER STORAGE 
AND BOILER 
FEEDWATER 

MAKING
UN I T - 410

T WOOD 
CHIP 

GRINDING 
AND STORAGE 

U N IT -1 6 0

COj

493 *F

RECYCLE
GAS

REACTOR
FEED

SYSTEM
U N IT -2 1 0

OLEFINS
HYDROGENATION

U N IT -3 2 0

— <8> <g>—

LPG 
RECOVERY 
U N IT -310

-<0>

CYCLONE
SEPARATOR
U N IT -2 3 0

T O -
ATM

CHAR
STORAGE
HOPPER

U N IT -2 4 0

WASTE
HEAT
STEAM

GENERATION
U N IT -260

CHAR
COOLING

U N IT -25 0

GAS
CLEANUF
U N lT -2 9 i:

GAS

GAS
COOLING

U N IT -2 7 0

OIL 4- WATER OIL-WATER
SEPARATION
UNrr-280

— <3>

WASTEWATER
TREATMENT 
U N IT -420

PLANT 
-  EFFLUENT 

WATER

Figure 1. BLOCK FLOW DIAGRAM OF THE HYFLlSION PLANT
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particles will be burned with air supplied to the system by air blower, 
C-lOl, to generate hot gas that will be used in subsequent process units 
for steam generation and wood drying. The hot gas temperat^e is about 
1900“F.
Unit 130 —  Steam Generation

A major portion of the hot gas leaving Unit 120 is sent through the 
boiler, A-103, producing superheated steam at 300 psig and 650“F.

Unit 140 —  Power Generation

Superheated steam will be used in extraction turbine A-101 driving a 
generator to make 8000 kW needed for the plant. Steam at 50 psig, ex­
tracted from the turbine, will be used for the steam reboiler in the 
gas cleanup section (Unit 290).

Unit 150 —  Wood-Chip Drying

From the primary Wood Hog, CR-101, the wood chips for process conversion 
are conveyed to wood drying storage silo, V-103. Moist wood chips are 
removed from the bottom of the silo by an auger-type unloader and con­
veyed to the feed end of the rotary dryer, A-104. Wood combustion 
product hot gas after giving up most of its heat to raise steam in 
boiler A-103, and supplying heat to the pyrolysis reactor, V-108, will 
be at about 830*F, and used for drying the wood chips in rotary’ dryers. 
The hot gas is brought into direct contact with the wood chips in the 
dryers and leaves the dryers at around 300“F. Wood chips are dried from 
about 50% to 5% moisture by weight.

Unit 160 —  Wood-Chip Grinding and Storage

Dried wood chips are conveyed to primary grinding machines to give a 
product size of about 1/2 in., which are further ground in secondary 
grinding machines, yielding 20-mesh particle size. After secondary 
grinding, the wood particles are stored in a ground wood storage silo, 
V-104.

Unit 210 —  Reactor Feed System

The reactor feed system consists of a feed receiving hopper, V-105, a 
feed lockhopper, V-106, and a feed injection hopper, V-107. Dried wood 
particles ground to 20 mesh will be removed from the bottom of the silo, 
V-104, by an auger-type unloader and conveyed to the feed receiving 
hopper, V-105. Wood particles are fed intermittently from the feed 
receiving hopper into the feed lockhopper. The lockhopper is outfitted 
with a system to be alternately pressurized and depressuriz'ed with gas 
for loading of the wood particles from the feed receiving hopper and 
discharging them into the injection hopper. With V-106 at'*atmospheric 
pressure, the valve between V-106 and V-105 opens, and wood particles 
flow into V-106. The connecting valve then closes, and the pressure in 
V-106 is raised to the reactor pressure by introducing pressurized gas.

III-4
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Uhen pressurized, the valve between V-106 and V-107 opens, and wood 
particles flow into the feed injection hopper, V-107. This action main­
tains a continuous inventory of wood particles in the feed-injection 
hopper. The injection hopper is mounted on load cells and^a recording 
Instrument records the rate of flow from the hopper into tne pyrolysis 
reactor. Wood particles are fed into the reactor at a steady rate by 
means of a rotary valve.

Unit 220 —  Pyrolysis Reactor

The wood particles from the feed injection hopper are entrained in a 
stream of hot gas at 1650®F containing about 50% hydrogen. Gas and 
wood flow together through the pyrolysis reactor, V-108. Indirect heat 
is supplied to the reactor tubes to maintain the temperature of the re­
actor effluent at 1100®F. By varying the heat supply the temperature 
can be adjusted as necessary. In a few seconds time at the conditions 
prevailing in the pyrolysis reactor, V-108 (200 psig and 1100®F), the 
wood particles are converted into oil, LPG, water, gas, and char.

Unit 230 —  Cyclone Separator

The hot effluent stream from the reactor passes through the cyclone 
separator where solid char particles separate out and all the other 
products that are in gaseous form leave near the top for further 
processing.

Unit 240 —  Char Storage Hopper

The solid char that separates from the gas stream leaves the cyclone 
separator at the bottom to be collected into char storage hoppers, V-110. 
Two hoppers are used in parallel. At any time, one hopper will be 
collecting the char from the cyclone separator, while the other will 
be feeding the hot char into the char cooler.

Unit 250 —  Char Cooling

Hot char will be fed from the char storage hopper into the char cooler, 
E-101. A rotary cooler is used. Hot char is cooled from llOO'F to 
about 500®F by direct contact with wood combustion flue gas supplied 
from the wood chip dryer, A-104, at about 300®F. Further cooling of 
the char to about 120*F is then done by contact with 90®F CO- gas that 
is removed from the process gas stream in the gas cleanup (Unit 290).

Unit 260 —  Waste Heat Steam Generation

The hot gas leaving the cyclone separator, V-109, passes ,through a 
waste heat boiler, A-105, to produce superheated steam at 300 psig and 
1000“F. The gas is cooled from 1100® to 526*F. De-aerated boiler 
feed water is used for making the steam for steam reforming.

III-5
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• Unit 270 —  Gas Cooling

The gas leaving the waste heat boiler, A-105, is cooled in an air cooler, 
E-102, to about 130*F, and then further cooled to about lOOiF in a 
water cooler, E-103. The product stream at 100”F passes into the knock- 

^ out vessel, V-112 to separate the condensate (oil and water^. The gas
stream flows to the gas cleanup section (Unit 290). The separated liquid 
stream is depressurized in the Flash Tower, V-113.

• Unit 280

The oil-water mixture enters the API separator, TK-101, and is uniformly 
distributed by vertical slots in baffles. Heavy oil settles at the 
bottom. Light oil is removed from the top and condensed water is re­
moved as an intermediate stream. The two oil fractions, heavy and light, 
are combined and added to fuel oil product.

• Unit 290 —  Gas Cleanup

The CO2 present in the gas stream along with very small quantities of 
H2S that may be present are removed in this unit using an amine scrubber. 
Steam extracted at 50 psig from an extraction turbine In the power gen­
eration unit (Unit lAO), is used in the reboller stripper. This is a 
licensed process available commercially.

• Unit 310 —  LPG Recovery

After gas cleanup, propane and butane are removed from the gas in a 
liquefied form (LPG) by a licensed process available commercially. ^

• Unit 320 —  Olefins Hydrogenation

The gas leaving the LPG recovery unit is compressed in a booster com­
pressor, C-102, to 250 psig, and the gas is then heated in a isteam 
heater, E-104 to 300“F, for catalytic hydrogenation of ethylene and 
acetylene to ethane In the presence of palladium catalysts. Hydrogen­
ation of olefins avoids carbon deposition in the subsequent steam re­
forming step. Exothermic hydrogenation reactions cause the gas tempera­
ture to Increase to about A93‘’F.

• Unit 330 —  Steam Reforming

The gas leaving Unit 320 is mixed with superheated steam at 1000“F.
The mixture is preheated to about 1200*F and passes through the reformer,

- V-115. The reformer contains alloy steel tubes filled with nickel catalyst
through which the process gas passes. The tubes are externally heated 

i by combiistion of a portion (about 20%) of the gas from the outlet of the
LPG recovery unit. This raises the gas temperature to 1650®F. Steam 
and hydrocarbons present in the gas, such as methane and ethane, react 
in the presence of the catalyst to produce hydrogen. Hot bydrogen-rlch 
gas is then recycled into the pyrolysis reactor, V-108.

l I X - 6
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Unit 410 —  Water Storage and Boiler Feed Water Making

Water available from the existing source of supply will be stored in a 
water storage tank. The water will be purified and demlnerslized to 
boiler feed water qixality to make steam and generate power.j

Unit 420 —  Wastewater Treatment

The condensed water separated from the condensed oil in the API separator 
contains about 2X of organics by weight. The water is purified by wet 
air oxidation and then by biological oxidation treatment. About 80% of 
the organics will be removed by wet air oxidation. More than 99% of the 
organics originally present in the wastewater will be removed by the 
combination of wet air oxidation and biological oxidation.

B. Plant Material and Energy Balance

The plant receives only wood (moist) and water. Although the i&oisture 
content of wood may run generally about 30% to 35%, the plant design was done 
on a conservative basis to deal with the worst case with 50% moisture in the 
wood. The plant also produces 8000 kW of power needed for the process.

The plant material balance is shown in Table III-l. About 40% of the 
total wood consigned in the plant is utilized in a fluidized-bed wood combus­
tion system to produce hot gas that is used for generating steam and electric 
power needed for the plant, and for providing heat duty for the wood dryers and 
other process heat requirements.

The energy efficiency of the plant is shown in Table III-2. The process 
energy efficiency for converting the wood, without considering any heat and 
electrical energy that is needed for the conversion, is about 89%. The over­
all process energy efficiency, considering the requirements of heat and elec­
trical energy needed for the process, is about 60%. The plant design con­
siders drying wood from 50% moisture content to 5% for process conversion.
In considering the heat duty for the drying of wood, the overall plant energy 
efficiency is about 53%. In actual plant operation, the moisture content is
expected to be somewhat less than 50%, about 30% to 35%, in which case an 
•
overall plant energy efficiency of 55% to 57% will be obtained.

C. Reactor Material and Energy Balance * •

The reactor material and elemental balance is shown in fable III-3. The 
percentage yield of various products is as follows:

111-1
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Product

Oil
LPG
Char
Water
Gas

X of Wood (dry) 
by Weight

15.3 
5.0

23.3 
24.6 
31.8

100.0

The reactor energy balance is shown in Table 1II-4.

Table III-l. OVERALL PLANT MATERIAL BALANCE 

Plant Input lb/hr

Wood, consumed in plant (dry basis)
Moisture in wood
Water
Air for fluidized-bed wood 
combustion

Plant Output

Oil as product 
LPG as product 
Char asproduct 
CO2 vent gas 
Wastewater
Gas lost in wastewater
Fuel gas txsed for reformer furnace
LPG used for reformer furnace
Water loss from the gas in gas 
treatment

Water loss from the water and 
steam system

Water lost in wood chip drying
Wood combustion stack gas

139 ,730
139 ,730
32 ,500

560 ,590

872 ,550

12 ,765
3,529

19 ,389
31 ,010
37 ,360

211
1,701
655
144

13 ,455

78,94J
673 ,384

872,550

1 I I - 8
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Table III-2. ENERGY EFFICIENCY OF THE PLANT 
Based on Higher Heating Value (HHV)

■••t of CoakuatioD of 
Coararaleo la tba Pracast

tot •3.333 lb/hr a S.169 Btu/lb
M O .7 B  10^ a t u / b T

h .
r
*

■•at of Coabuatlen of Wood Burna^ 
to Pluid-Bad Coabuatlon Syatan

56.397 lb/hr m t.169 Btu/lb
660.7 B 10^ Btu/hr

Thla total haat la naad «a followa. 10 Btu/hr

Ter Btaaa Supply to tha Precaaa 
Tor Baat Supply to tha Troceaa 
Tor Tower Ceaaratloa 
Tor Dryiat Hood

■aat of Coabuatloa of Troducta. 10^ Btu/hr
Oil. 12.765 lb/hr m 19.958* Btu/lb 
LPG. 3.529 lb/hr x 21.516 Btu/lb 
Char. 19.389 lb/hr x 14.239 Btu/lb

Total Beat for Troducta
Procaaa Eaargy Efflciaacy

Overall Procaaa Eaargy Efficiency

f. Overall Plant Energy Efficiency

195.8
23.0

103.7
138.2
660.7

254.8 
75.9

276.1
606.8
Haat of CoBbuatien of Troducta
Baat of Conbuation of Wood for 
Coavaraion in the Procaaa

X 100_ 606.8 
608.7

- 89.12
Haat of CoBbuation of Producta
Baat of Coabuation of Wood for 
Coavaraion la the Procaaa plua 
■aat of Caad>uatlon of Wood for 
Staaa. Power, and Baat Supply to 
the Procaaa
 606.8____________
680.7 + 195.8 + 103.7 ♦ 23.0

60.52
Baat of Coabuatlon of Troducta
■•at of CoahuatioD of Wood Uaad 
in the Total Plant**

100

606.8 X 100
•80.7 * 660.7 

53.22

Specific heating value of oil (organic liquid) waa not verified by later 
•xperiaantal teata. Pinal daalgn (aae Section 91), baaed on axpariaantal 
taata, ahowa a leaiar apacific heating value (10.493 Btu/lb) but an In- 

quantity of oil (organic liquid). Total haat for producta la
521.3 alllion Btu/hr.
Includea wood burned to provide haat for drying wood chipa uaad for 
convcralon.

I N S T I T U T E 0  F
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Table I I I - 3 . REACTOR MATERIAL AND ELEMENTAL BALANCE 
(Quantities in lbs/hr) 00

M

i N m

Wood (diry)
Moisture in Wood 
Recycle Gas

Hz
CO
C02
CH^
H2O

Total Input

AlOOO.O

2652.0
1239.5
162.1

65053.6

4983.3
490.8

2297.8

54.4
1411.2
9237.5

35966.6
3895.2

3532.8
3302.4

11200.0
57897.0

216.7

Ash 

1166.7

216.7 0 1166.7

Total

83333.3
4386.0

2297.8
6184.8
4541.9 
216.5

12611.2
113571.5

OUTPUT

I
M
O

.■>

GA8
Hz
CO
C02
CH4
C2H6
C2H4
C2H2
NH^

Water
LPG
Oil.
Char

Subtotal

Total Output

1051.0
8463.0
2032.3
1537.4
345.8
100.8

13530.3

3435.1
10782.0
17306.3
45053.6

904.8

682.2
387.1
58.1
8.5
37.5

2087.2

4195.3
749.0 
1693.0
522.0

9237.5

1400.0
22547.2

23947.2

33296.2

303.0
350.6

57897.0

173.4
173.4

43.3
216.7

1166.7

1166.7

904.8
2451.0 

31010.2
2714.5
1924.5
403.9 
109.3
210.9 

39729.1

37491.5
4184.0 
12778.0 
19388.9

113571.5

o
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Table I1I-4. REACTOR ENERGY BALANCE -  SUMMARY

Heat Input

Heat in Wood at 60*F
Heat in Recycle Gas at 1650**F

Total

6 * *10 Btu/hr

680.75
213.19

Energy Balance

893.94

1 of Total

76.2
23.8

100.0

Heat Output

Heat in Product Gas at llOO^F
Heat in Propane and Butane at 
1100*F

Heat in Oil Vapor at llOO'F 
Heat in Char at llOO'F

Total

258.98
91.71

260.34
282.13

893.16

29.0 
10.3

29.1 
31.6

100.0

Provision has been made in the plant design to supply up to 20 million 
Btu/hr of heat to the reactor tubes by passing hot flue gas generated 
by wood combustion. This heat supply may be needed to accommodate 
changes in the qualtities and quantities of the products.
See Appendix B for details of determination of the heat content of 
various individual streams.

I N S T I T U T E O F
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D. Capital Investment and Operating Cost Estimates

The economic evaluation Includes the capital requirement and annual oper­
ating cost.

The installed cost of the different plant units was determined by using 
information received from various process licensers and equipment vendors, 
and also by In-house estimates. The names of vendors or process licensers 
furnishing the cost Information on various units are indicated In Table III-5.

The cost for general facilities is considered to account for 10% of the 
total plant installed cost. The plant investment cost is obtained by adding 
the contractor's home office cost and fee to the total plant installed cost.
A 15% contingency has been added as a safety margin. The plant Investment 
cost Is $47.5 million. The breakdown for the plant investment cost in 1st 
quarter 1981 dollars is shown in Table III-6.

The capital requirement (Table III-7) comprising plant Investment cost, 
initial charge of catalysts and chemicals, spare parts, construction funds, 
start-up cost and working capital Is $59.7 million as shown In Table III-7.

Annual operating costs, exclusive of capital charges, based on a 90% 
service factor and a wc 

$16.7 million (Table III-8).
plant service factor and a wood cost of $24.51/ton ($1.50/10^ Btu) are

III-12
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Table III-5. INSTALLED COST OF PLANT UNITS 
(1st Quarter 1981 Dollars)

Dnlt 110 Cruendlar Vood Roga (Model XF) fron Cruendlcr Crusher and 
Pulveriser Co.
5 needed (4 in operation and 1 spare).
800 HP aotor for each.
Installed cost: $1,316 MM

Unit 120

Unit 130

Unit 140

Unit 150

Unit 160

Pluid-bed Vood Combustion from Energy Products of Idaho. 
Installed cost: $2.484MM

Steam Generation.
Information received from Energy Products of Idaho. 
Installed cost: $1.162MM

Power Generation.
Information received from Energy Products of Idaho. 
Installed cost: $2,531 MM

Wood Chip Drying
Rotary Dryer from Allis Chalmer .
Installed cost: $1.13AMM
Vood Chip Grinding and Storage
Model 40-40 Aristocrat Grinder from Cruendler Crusher and 
Pulverizer Co.
3 needed (2 in operation and 1 spare) for primary grinding 
12 needed (9 in operation and 3 spares) for 
secondary grinding .
450 HP motor each .
Installed cost: $1,300 MM

Storage Silo: 2 silos needed
Installed cost: $0,650 MM

Total Installed cost for Unit 160: 51.950 MM

Unit 210 Reactor Feed System
Lockhopper system and control instrumentation from Petrocarb Inc. 
Installed cost: $6,500 MM

Unit 220 Pyrolysis Reactor 
Information from Econotherm. 
Installed cost: $0.500MM

Unit 230 Cyclone Separator 
Installed cost: $0.129MM

Unit 240 Char Storage Hopper 
2 hoppers needed 
Installed cost: $0,522 MM - —

III-13
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Table 1 I I - 5 ,  Cont. INSTALLED COST OF PLANT UNITS

Unit 250 Char Cooling
Notary cooler fron Allis Chalaar.
Installed cost: $0,130 MM

Unit 260 Waste Heat Stcan Generation
Estiinate from Econotharm.
Installed cost: $1.114MM

Unit 270 Gas Cooling

Air cooler 
Water cooler 
Knockout vessel 
Flash tower

Installed cost for Unit 270:

Installed cost, $ MM 
0.210  
0.062 
0.132
0.060

$0.A64 MM

Unit 260 Oil-Water Separation 
API Separator 
Installed cost: SO.150 MM

Unit 290 Gas Clean-up
Fish Engineering and Construction quoted S3.5MM and Randall Corp. 
quoted S4.5,, for Installed cost.
Installed cost for the unit is taken to be S4.000MM

Unit 310 LPG Recovery
Fish Engineering and Construction quoted S3.0MM and Randall Corp. 
quoted S2.5MM for installed cost.
Installed cost for the unit is taken to be $2,750 MM

Unit 320 Olefins Hydrogenation
Catalyst information from United Catalysts.
Installed cost: $0,039 MM

Unit 330 Steam Reforming
Estimate by Kellogg 
Installed cost: $2,176 MM

Unit 410 Water Storage and Boiler Feed Water Generation
Information received from Energy Products of Idaho 
Installed cost: $0,641 MM

Unit 420 Waste Water Treatment

Estimate from Zimpro for installed cost of 
vet air oxidation: $3.3 MM

With the final step of biological oxidation, 
total installed cost is $3.6MM

I I I - 1 4
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Table III-6 . PLANT INVESTMENT COST 
(1st Quarter 1981 Dollars)

65045

Installed 
Cost, $MM

—

Dnlt Mo. Unit Identification Case A —

U O Vood Chipping 1.316
120 Fluid Bed Vood Coabuatlon 2.484 —

130 Steaa Generation 1.162
140 Power Generation 2.531 —
150 Vood Chip Drying 1.134
160 Vood Chip Grinding and Storage 1.950
210 Reactor Feed System 6.500
220 Pyrolysis Reactor 0.500
230 Cyclone Separator 0.129
240 Char Storage Hopper 0.522
250 Char Cooling 0.130
260 Waste Neat Steam Generation 1.114
270 Gas Cooling 0.464 —  ,

280 Oll-Vater Separation 0.150
290 Gas Clean-Up 4.000 —
310 LPG Recovery 2.^50
320 Olefins Hydrogenation 0.039
330 Steam Reforming 2.176
410 Water Storage and Boiler Feedwater Making 0.641
420 Waste Water Treatment 3.800

33.492
General Facilities* 3.721

Total Installed Cost 37.213

Contractor's Home Office Cost and Fee 4.134
41.347

Contlgency at 15% 6.202
Total Plant Invaataent 47.549

Site Preparation, Plant Roads, Building, Electrical Distribution, 
Tard Piping, Flare System, Sanitary Water, Shipping and 
Receiving Facilities, etc.

I N S T I T U T E 0  F
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Table I I1 - 7 .  CAPITAL REQUIREMENT
(1st Quarter 1981 Dollars)

Total Plant Investment
Initial Charge of Catalyst and Chemicals
Spare Parts
Interest During Construction (Plant 
Investment Cost x Average Spending 
Period of 1.5 years x 10%)
Start-Up Cost (20% of Gross Annual 
Operating Cost)

Working Capital
Raw Materials Cost for 1 Month 1.23A
Payroll Burden for 1 Month 0.119

Total Capital Requirements

Case A, 
$ million

47.5A9
0.100
0.250
7.132

3.337

1.353

59.721

Table III-B. ANNUAL OPERATING COST 
(1st Quarter 1981 Dollars)

Wood —  69.9 or 61.0 tons/hr (dry basis) 
at $2A.51/ton of dry wood**

Water —  65 gpm at $1.00/1000 gallons
Catalysts and Chemicals
Process Operating Labor —  20 men 

at $20K (average)
Supervision at 20% of Process Operating 

Labor
Administration and General Overhead at 

60% of Process Operating Labor
Maintenance at 3% of Plant Investment 

Cost (50% Labor plus 50% Material)
Taxes and Insurance at 2% of Plant 

Investment Cost
Total

Case A,
$ million

13.507

0.031
0.050
O.AOO

0.080

0.2A0

1.A26 

0.951

16.685

* Based on 90% plant service factor
* *  ,At $1.50/10° Btu based on higher heating value.

III-16
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IV. BASE CASE B -  DESIGK AND COST USING WOOD CHIPS DELIVERED TO PLANT
A. Modification In Equipment Requirements and Costs

1. Wood ChlpplnR and CrlndinR

Preliminary Information developed by PRI in discussions with manufacturers 
of tree harvesting equipment has Indicated that it vlll be desirable to chip 
trees in the forest rather than at the plant site. This will facilitate move­
ment of wood to the plant as contrasted to hauling whole logs. Consequently, 
the plant investment requirement can be reduced by an amount equal to the cost 
of chipping equipment previously included. Furthermore, plant power require­
ments will incidentally be reduced leading to further investment requirement 
reductions for steam and power generation equipment.

Additionally, it has been indicated that field chipping equipment will 
increase production of fines during the shipping operation so that the invest­
ment and power requirement for grinding at the plant will also be reduced.

As a consequence of these considerations plant equipment costs and power 
requirements have been reduced as shown in Table IV-1. The original specifica­
tions and costs referred to are from Table III-5 of the previous section.

In addition to the direct effect on chipping and grinding equipment, the 
reduction in power requirements affects equipment required for electric power 
generation, steam generation, fluid-bed wood combustion, water storage, and 
boiler feedwater. Consideration for these Items is described below (Items 3 
to 6).

2. Gas Cleanup

The original (Base Case A) design contemplated using an amine scrubbing 
system for removal of CO2 snd H2S in the Gas Cleanup Section (Unit 290).
Amine solution regeneration requires 120,000 lb/hr of 50 psig steam turbine 
extraction steam to supply 146 million Btu/hr. This represents 12.8% of the 
total heat energy of wood supplied to the plant.

The Benfield Corporation (Pittsburgh, PA) has responded to our inquiry 
for investment requirement and heat requirement for a carbonate scrubbing 
system. Benfield estimates (letter of August 10, 1981) a capital investment 
of $1.5 million and a regeneration heat requirement of 20 aSillion Btu/hr.
This represents a reduction of $2.5 million in the installed cost and a reduc­
tion of 126 million Btu/hr previously estimated for an amine system.

IV-1
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Table IV-1. REDUCTIONS IN EQUIPMENT COST AND POWER REQUIREMENTS FOR
WOOD CHIPPING AND GRINDING

Kliainatc Unit 110, wood chipping; 
originally $1,316,000 and 2390 kW

Reduce Unit 160, wood chip grinding 
and atorage from 15 units (total) 
to 9 units (total) and from 11 units 
operating to 7 units operating; 
originally $1,300,000 and 3700 kV

Total reduction for changes in 
chipping and grinding equipment 
requirements

Reduction
Installed 
Cost, $

1,316,000

520,000

1,836,000

Operating 
Power. kW

2390

1340

3730

3. Power Generation

Reductions in wood chipping and grinding requirements reduce the total 
plant operating power requirement by 3730 kW, from 8000 kW to 4270 kW. The 
estimated installed cost for the turbogenerator (Unit 140) is thereby reduced 
by $1 million (from $2,531,000 to $1,531,000). High-pressure (300 psig, 
(650“F) steam required is reduced to 72,000 lb/hr (including 20,000 lb/hr of 
extraction steam to gas cleanup).

4. Steam Generation

Reduction of high-pressure steam required from 166,250 lb/hr to 
72,000 lb/hr results in a cost reduction of $522,000 (from $1,162,000 to 
$640,000) for steam generation (Unit 130).

5. Fluid-Bed Combustion

Reduced steam generation required lowers the duty required from wood 
combustion from 429 to 294 million Btu/hr. Cost for Fluid-Bed Wood Combus­
tion (Unit 120) is reduced by $544,000 ($2,484,000 to $1,940,000).

IV-2
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6. Water Storage and Boiler Feedwater

Reduced ateam generation required lowers the coat of boiler feedwater 
facilities (Unit 410) by $256,000 (from $641,000 to $385,000).

B. Summary of Revised Costs

Revised costs are summarized in the attached tables. Corresponding 
figures from Base Case A are included for comparison. Modifications in wood 
chipping and grinding and in the gas cleanup equipment result in the revised 
installed costs shown in Table IV-2.

Capital requirements are revised as shown in Table IV-3.

Table IV-4 shows revised annual costs. On account of reduced wood- 
bumlng requirement total wood requirement is reduced from 1678 to 1464 tons/ 
day. This includes 1000 tons/day to the process.

IV-3
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Table lV-2. PLANT INVESTMENT COST 
(1st Qr. 1981 Dollars)

Case A Case B
—  Installed Cost, $MM -

Unit Mo. Unit Identification

110 Wood Chipping 1.316 1.316
120 Fluid Bed Wood Combustion 2.4B4 1.940
130 Steam Ceneratlon 1.162 0.640
140 Power Ceneratlon 2.531 1.531
150 Wood Chip Drying 1.134 1.134
160 Wood Chip Grinding and Storage 1.950 1.430
210 Reactor Feed System 6.500 6.500
220 Pyrolysis Reactor 0.500 0.500
230 Cyclone Separator 0.129 0.129

240 Char Storage Hopper 0.522 0.522

250 Char Cooling 0.130 0.130
260 Waste Heat Steam Generation 1.114 1.114

270 Gas Cooling 0.464 0.464
280 Oil-Water Separation 0.150 0.130

290 Gas Clean-Up 4.000 1.500

310 LPG Recovery 2.^50 2.750

320 Olefins Hydrogenation 0.039 0.039

330 Steam Reforming 2.176 2.176

410 Water Storage and Boiler Feedwater Making 0.641 0.385

420 Waste Water Treatment 3.800
33.492

3.800

26.884

(^neral Facilities* 3.721 2.987

Total Installed Cost 37.213 29.871

Contractor's Home Office Cost and Fee 4.134
41.347

3.319
33.190

Contigency at 15^ 6.202 4.979

Total Plant Investment 47.549 38.169

Site Preparation, Plant Roads, Building, Electrical Distribution,

* *

* *

Yard Piping, Flare System, Sanitary Water, Shipping and 
Receiving Facilities, etc.

Revised costs for delivery of wood chips and fines to plant Instead of 
logs and for hot carbonate gas cleanup instead of amine.
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Table IV-3. CAPITAL REQUIREMENT 
(1st Quarter 1981 Dollars)

*Case A Case B

-----  $ million
Total Plant Investment 47.549 38.169
Initial Charge of Catalyst and 
Chemicals

0.100 0.100

Spare Parts 0.250 0.250
Interest During Construction (Plant 
Investment Cost x Average Spending 
Period of 1.5 Years x 10%)

7.132 5.725

Start-Up Cost (20% of Gross 
Annual Operating Cost)

3.337 2.901

Working Capital
Raw Materials Cost for 1 Month 1.234 1.076
Payroll Burden for 1 Month 0.119 1.353 0.119 1.195

Total Capital Requirement 59.721 48.340

Table IV-4. ANNUAL OPERATING COST**
Case A Case B

Wood —  69.9 or 61.0 tons/hr (dry basis) 
at $24.51/ton of dry wood***

13.507 11.807

Water —  65 gpm at $1.00/1000 gallons 0.031 0.022
Catalysts and Chemicals 0.050 0.050
Process Operating Labor —  20 men at 
$20K (average)

0.400 0.400

Supervision at 20% of Process Operating Labor 0.080 0.080
Administration and General Overhead at 
60% of Process Operating Labor

0.240 0.240

Maintenance at 3% of Plant Investment Cost 
(50% Labor plus 50% Material)

1.426 1.146

Taxes and Insurance at 2% of Plant 
Investment Cost

0.951 0.763

Total 16.685 14.508
* Revised costs for delivery of wood chips and fines to plant instead of

* *
logs and for hot carbonate gas cleanup instead of amine. 
Based on 90% plant service factor

* * *  , 6At $1.50/10 Btu based on higher heating value.

IV -5
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V. EXPERIMENTAL VERIFICATION OF DESIGN
A. Feedstock Analysis

«>A wide variety of feedstocks were originally contemplated for the HYFLEX - 
BIOMASS process, with corroborative yield data for the most Important feedstock* 
to be obtained on IGT’s continuous-flow, short residence time hydropyrolysis 
units that have been used successfully for peat and coal feedstocks. Some 
problems were encountered in feeding the lightweight, fibrous biomass materials 
to these units so Chat Initial designs did not have the benefit of all desirabl< 
information. The main laboratory tests for screening feedstocks and estimating 
yields were chemical analyses and Fischer Assays. The feedstocks received from 
Hawaii (HNEI) were given a Proximate and Ultimate analysis followed by a Fische 
Assay to establish approximate product yields. The Proximate and Ultimate 
analyses for some of the potential feedstocks and for other materials of inter­
est, are given in Table V-1.

Referring to Table V-1, Feedstock Analyses, the main distinguishing featur 
from one feedstock to another is the ash content. Leucaena and eucalyptus have 
very similar analyses and very low ash contents of around 1.5 weight percent. 
Their sulfur and nitrogen content is also low. Bagasse has higher ash than 
the woods, at 3.4 weight percent, but is otherwise quite similar. So also,
the pineapple waste, but the sulfur and nitrogen content is significantly
higher for this feedstock. The sugar cane waste analysis shows a very high 
ash content (21.9 wt % on the Proximate analysis).

As can be seen in Table V-1, sugar cane stalk had a very high water con­
tent (68.9%) as would be expected. Also, its hydrogen-to-carbon ratio (H/C) 
of 1.75 was the highest value recorded. In general, sugar cane stalk had an 
ultimate analysis very similar to that of cellulose, which is also shown in 
Table V-1, both as absorbent cotton and as reagent-grade cellulose.

B. Fischer Assay Analyses

The Fischer Assay technique is a form of pyrolytic conversion of the feed 
stock and thus simulates, to some degree, the conversion and product yield 
generation to be expected in continuous-flow pyrolysis, such as the short resi 
dence time (SRT) hydropyrolysis of the HYFLEX process. However, the Fischer 
Assay was developed for use with coal and shale and must be adapted for use

V-1
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with biomass materials. This adaptation and modification have been under­
taken: it is too early to be sure of the correlation between Fischer Assyy 
results and those from SRT hydropyrolysis. Preliminary indications, based on 
reed sedge peat runs in the continuous FDU, are that the oil yield and conver­
sion for the Fischer Assay are slightly lower than for hydropyrolysis to maxi­
mum oil yield (10% oil and 49% conversion versus 12% and 60% for hydropyrolysis 
of peat).

The Fischer Assay is a type of batch distillation and the retort used is 
shown in Figure V-1. Perforated aluminum plates are spaced throughout the 
charge to increase heat transfer. The main assembly is shown in Figure V-2.
The oven is now electrically heated and better controlled than earlier ones, 
when a gas burner was used. The general technique is to raise 100 grams of 
sample to 500“C in 40 minutes and hold for about 40 minutes at 500“ until all 
the oil has evolved. The biggest problem in adapting the procedure to biomass 
materials is getting enough charge from these low bulk-density materials.

Early Fischer Assays of leucaena, eucalyptus, and pineapple waste are 
compared with a "control" sample of reed sedge peat in Table V-2. The Fischer 
Assays shown in Table V-2, were run before a technique for charging enough 
biomass had been developed, and, as a consequence, the amounts of products 
were low. There was insufficient oil to determine specific gravity, for ex­
ample. These first Fischer Assays on eucalyptus, leucaena, and pineapple waste 
were generally similar in yields, with the oil yield varying from 8.1 to 10.0.
A repeat run was made on eucalyptus later, with a higher charge to the retort. 
The yields from this run were somewhat different than the first three, with 
lower water and more gas. The oil yield was 10.4 weight percent and a sample 
of reed sedge peat run in parallel under identical conditions had an oil yield 
of 10.0 weight percent. The paired eucalyptus and peat runs are shown on the 
right side of Table V-2.

Gas analyses of the early Fischer Assays indicated excess air leakage into 
the aluminimi retorts. The mouths and lids of the retorts have been lapped, 
provision made for an argon purge, and an improved pressure control system 
installed, in order to ensure consistent results. Later, Fischer Assays had 
the benefit of these improvements.

V-3
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Top View with Plug Removed
-Thermocouple well

Disk

Vent tube

3 0

Cross-Section of Retort

Threaded jo in t

Disks made of l/16-1n. aluminum perforated with 
numerous 3/32-In. holes.
Vent tube made of 3/4-1n. aluminum with 3/B-1n. center 
and numerous 3/32-In. holes.

Figure 1. MODIFIED FISCHER RETORT CHARGED WITH OIL SHALE
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RETORT

CONDENSER

OVEN

ADAPTER

100 ml CENTRIFUGE TUBE

COOLING BATH
M l

Figure 2. FISCHER APPARATUS ASSEMBLY
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Table V-2. EARLY FISCHER ASSAYS
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100.0
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1.007
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The p o ten tia l o i l  and gas y ie lds from candidate feedstocks was continued 

fo r a l l  of the v a r ie tie s  of feedstock received. When we learned, on March 2, 

1981, that the study was being confined to eucalyptus trees (about 5 years old) 
we cancelled any outstanding a n a ly tic a l work stemming from the Fischer Assays. 

Some feedstocks, therefore , have received only the Fischer Assay i t s e l f ,  and 

not the deta iled  gas, water, and o i l  analyses which were run e a r l ie r  as a mat­

te r  of course.

Later Fischer Assays, w ith the improved technique mentioned above, are 

displayed in  Table V-3. Additional an a ly tica l inform ation, such as gas, water, 

and o i l  analyses are included in  Appendixes A and £.

The Fischer Assay o i l  y ie ld  of pineapple waste reported in  Table V-3

(14.9%) is  higher than the 8.3% value reported e a r lie r  (analysis of 9 /9 /8 0 ) .

The Fischer Assay technique was modified and improved in  the in terim , so that 

the la te r  data, shown in  Table V -3, should be more accurate. Some assays 

(generally important samples) have been run in  dup licate. Both resu lts  are 

recorded separately here to give an idea of re p ro d u c ib ility . As can be seen 

from the tab le , i t  is  generally quite good.

There was a surprising d ifference in  the recorded o i l  y ields from leucaena

and eucalyptus that had not been indicated in  e a r lie r  Fischer Assays. The new

resu lts  were obtained in  duplicate so would be expected to be quite accurate. 

Although leucaena showed a low y ie ld  of o i l ,  the y ie ld  of organics in  the water 

phase was high, about 10.6% compared w ith 8.2% fo r eucalyptus. These high

values of organics in  the water y ie ld  from Fischer Assay are caused by the low

temperature "wood d is t i l la t io n "  technique used. The water e fflu e n t from a 

continuous pyrolysis reactor, operating at re la t iv e ly  high temperature, w i l l  

not be burdened w ith such a heavy content of organic acids and other oxygen­

ated, hydrophilic species.

Pure lig n in  was run on Fischer Assay, as w e ll as ce llu lose , in  order to 

provide a basis of comparison. These assays were made on IGT account, but 

were of p a rtic u la r in te re s t to th is  p ro jec t. The lig n in  had the higher re­

corded o i l  y ie ld  (19.3%) and the lowest H/C value (1.11%). Unlike most pyroly­

sis feedstocks, the H/C r a t io ,  by i t s e l f ,  i t  not a good corre la tor of o i l  
y ie ld , such as i t  is  fo r steam-cracking of naphtha and gas o i l  feedstocks. The

oxygen content of the biomass feedstock is  also a fac to r. For lig n in , the

oxygen content was a low 29.47% compared w ith 49% fo r ce llu lose .
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Some additional observations that arise from the tabulated Fischer Assay 
data are:

• The oil from cellulose had a higher specific gravity than that for lignin.
• The oil yield from lignin was much greater than from cellulose.
• Sugar cane stalks gave a higher yield of water than sugar cane waste.
• Albizzia wood gave a good yield of oil, at 12.1%, despite its pithy, wet 

appearance in the field.
• Guinea grass gave an average oil yield of 10.7% which, also, was 

relatively high.

The ultimate analyses of the oils and chars produced by Fischer Assay are 
listed in Table V-4. The oils from sugar cane waste, pineapple waste, and 
guinea grass had higher carbon-to-hydrogen ratios and lower oxygen contents 
than the oils from the wood and, somewhat surprisingly, the cellulose sample. 
They were, in fact, closer to the lignin-derived oil in content.

In looking over the char analyses, the sugar cane waste and grass had 
the highest ash content (possibly some soil adding to it). All of the poten­
tial feedstock samples had higher ash contents than either the cellulose or 

/lignin, which would be expected.

The composition of the gases evolved during the Fischer Assay distilla­
tions has been determined by mass spectrometer analysis and displayed in 
Table V-5. While 28 different components have been identified by analysis, 
almost 90% of the gas is made up by four components: CO, CO2, H2, and CH^.
The CO by itself is 75% of the gas, with CO about 25% and C0« around 50%.A ^
Hydrogen is about 2%, as are the C2*s, and methane runs about 10%, being the 
principal hydrocarbon gas evolved in the long residence time, low heating rate 
reaction system of the Fischer Assay distillation.

The varying nitrogen content of the gas analyses is a function of the 
amount of air inadvertently drawn in during the Fischer Assay distillation 
procedure.

There is very little LPG material formed during Fischer Assay, so that 
the 2% to 3% yields of LPG observed in the continuous reactor test work must 
be formed by the cracking and/or hydrocracking of heavier materials, such as 
some of the Fischer Assay oil products.

V-9
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Finally, perhaps the most significant observation that can be made from 
this vast array of numbers is that the gases evolved were all very similar 
regardless of the feedstock. Also, the total gas yields from the various 
feedstocks do not vary very much, as can be seen in Table V-5. This leads to 
the conclusion that variations in reaction severity would have a much greater 
impact on gas yields and quality, and therefore plant design, than would 
changes in feedstock.

C. Continuous Reactor Tests in PDU

A process development unit that has been used successfully in converting 
peat to gas, oil, and char was put into service to convert biomass in a con­
tinuous hydropyrolysis. The unit is depicted schematically in Figure V-3.
The electrically heated reactor is 60 feet of nominal 1-inch Incoloy tubing; 
it can be fed with a variety of carrier gases, which serve to carry the solid 
feed through the reactor and set the residence time. The upper limits of 
operation of the reactor are 1500®F and 1000 psig. A cyclone is used to trap 
char, and a series of heat exchangers and cold traps are used to separate oil 
and gas for measurement, collection, and analysis. The residence time used 
for peat conversion and anticipated for the Hawaiian biomass treatment was 
5 to 10 seconds. The maximum yield of oil from peat was obtained with the 
maximum reactor temperature around 1100"F.

The solids feeding system consists of a pressurized hopper feeding through 
a nominal 1-inch-diameter downcomer into a horizontal screw feeder. The screw 
feeder discharges into another short (about 6-inch) downcomer that feeds the 
solids directly into the heated carrier gases issuing from the carrier gas 
furnace. The carrier gas plus solids proceed directly into the heated, 
downward-flowing, helical reactor.

Our general premise was that the biomass materials should be ground to 
the same consistency as that used for peat in PDU runs, namely, 10 x 20 mesh. 
The biomass materials are not significantly more fibrous than peat, but they 
are lighter. One consequence is that they have a greater tendency to bridge 
across the throats of feeding downcomers. This was the main problem in 
making PDU runs. We tried a finer consist, with stray long fibers removed, 
in an attempt to improve flow characteristics. The situation in the PDU was 
hindered by the very small scale of operations; the downcomer throats are
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about 3/4-inch in diameter. On the positive side, the small amount of char 
generated appeared to be completely charred throughout the cross-section of 
the largest pieces, as was the case with peat char in earlier work.

In addition to our own feed preparation efforts, using both hammer mills 
and "meat-grinder" types of size reduction equipment to supply ground feed­
stock for test work, we contacted three vendors of commercial grinding equip­
ment for information and testing (in their labs) of the Hawaiian woods. Based 
on discussions with these vendors, we do not anticipate that feed preparation 
will be a problem, other than finding the most economical combination of pro­
cessing techniques.

The second downcomer of this feeding system proved to be the stumbling 
block In feeding Hawaiian wood material. Leucaena ground to —14 mesh has been
used but without 100% success. All run attempts were stopped by a "bird-nest"
type of plugging In the second downcomer. In the most successful run (WC-1), 
three hours of continuous operation was achieved before plugging —  in the 
second downcomer — stopped the run. The feedstock in this case was —14 mesh 
leucaena mixed with 75% by weight of simllar-slzed sand to help carry the 
wood through the reactor feeding system.

For the record, the Maul Hardwoods' sawdust also bridged in the hellcal-
coll PDU feed hopper. A prototype agitation device to break up bridges was 
fabricated and tested in a Plexl-glass model, but the time and expense In­
volved In translating it to the PDU (requires new high-pressure flanges) was 
considered unwarranted, In view of our success with the free-fall reactor.

D. Continuous Reactor Tests In Free-Fall Unit

Because of continuing feeding problems with the hellcal-coil PDU we 
switched the product yield test work to a free-fall reactor and made a series 
of six runs at varying conditions to simulate the operation of an entralned- 
flow reactor such as that proposed in the HYFLEX system.

The bench-scale free-fall equipment used is illustrated in Figure V-4.
It is composed of a feed-gas handling system, a reactor and furnace system, 
and a product gas and liquids handling system.

The feed gas handling system is designed to supply the carrier gas at 
the temperature, pressure, composition, and flow rate desired. During the
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Figure V- 4. BENCH-SCALE FREE-FALL REACTOR
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course of a run, the carrier gas flow rate is aonitored by neasuring the pres­
sure drop across a "pigtail" coil of 1/6-inch-dianeter tubing. The reactor 
pressure is naintained with a done-loaded back pressure regulator installed in 
the product gas exhaust line. A pressurized, stirred feed hopper with a screw 
auger to feed the solids is installed on top of the reactor. A screw auger at 
the bottom of the rMctor discharges the char Into a dump hopper. The reactor 
sections are coupled trith 4-inch "Craylok" connectors. The reactor can be 
heated by a clam-shell electric furnace to about 1400*F (760*C).

The feed solids enter at the top of the reactor. The preheated feed 
gases are delivered to the reactor approximately 3 inches below the solid feed 
position in cocurrent downward flow through the 4-foot reactor section. The 
temperature in the reactor is monitored by four centerline thermocouples. The 
gaseous and liquid products pass through a 200-mesh filter inside the reactor 
above the bottom char discharge section. The char is rapidly discharged from 
the bottom of the reactor by the screw auger to a cold dump hopper to quench 
any further reaction.

The product gas-handling system is comprised of a dry-ice liquid trap, 
back-pressure regulator, dry-test meter, and on-line gas analysis and sampling 
systems. The liquid trap is constructed from a 3.5-ft long by 3.5-in. diameter 
pipe with a 1/2-inch-diameter dip-tube extending to within 6 inches of the 
bottom of the sealed pipe. The trap houses a glass liner bottle to collect 
the condensing liquids. This liner is weighed before and after each run to 
obtain the total weight of liquids produced. A back-pressure regulator is 
used after the dry-ice trap to maintain the desired reactor pressure. The
volumetric flow rate of the gases, free of the condensed liquids, is measured
%rt.th a dry-test meter. A part of the metered gases are passed through con­
tinuous on-line infrared CO and CO2 analyzers. The on-line infrared analyzer 
are used for partial product gas analysis as well as to check for steady-state 
conditions. Exhaust from the IR analyzers passes through a gas sampling mani­
fold where periodic product gas samples are taken for mass spectral analysis.

At the beginning of each run, the feed hopper was charged with 400 to
600 g of prepared feed. The reactor was then purged with nitrogen and checked 
for pressure leaks. After the temperature was steady, the reactor was flushed 
with the desired carrier gas, either H2 or He. The feed and discharge screws
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vere turned on to etert the run. The wood sample was fed at rates of 1 to 3 
grams per minute to undergo devolatilization and reaction in the free-fall 
region. The measured free-fall time. In the reactor, for the — 12+16 mesh par­
ticles was about 0.3 seconds. It was observed that, in all the runs, steady- 
state operation was attained within 5 to 10 minutes after starting the feed. 
Usually feeding was continued for another 50 minutes or more, at which point 
the run was terminated by shutting off the screw feeders, electric beaters, 
and finally, the gas flow. After the reactor had cooled and was depressurized, 
the devolatilized char was weighed and analyzed.

E. Experimental Verification of Base Case Design

Yields and compositions of products for the Base Case design were esti­
mated from general predictions. These were derived from laboratory, bench- 
scale, and PDU data generated for EYFLEX operations on lignite and peat previous 
to the start of this program. Subsequently, seven bench-scale tests were under­
taken with eucalyptus wood (Test Runs E-1 through E-7) and one PDU test with 
leucaena wood (Test Run WC-1).

The PDU test is on a scale of about 8-1/2 pounds of wood fed. It was 
necessary in this test to add about 3 pounds of sand to each pound of wood in 
order to facilitate flow of the fibrous wood through the equipment. The total 
material balance for this test showed 7.91 unaccounted for loss of material4
including the sand feed. This represents about 30% on the basis of wood fed.

The bench-scale equipment did not require sand to be mixed with the wood 
for successful operation. The six tests made were on a scale of about 150 to
300 grams of wood fed. Material balances show 10% to 40% unaccounted for loss
of material.

In order to put the test data on a consistent basis it is necessary to 
adjust the output quantities of the various products (gas, LPG, oil, water, 
and char) so that the total output equals the total input. The most likely 
materials to elude recovery are the liquids (oil and water), which may occlude 
to the apparatus and elude washing out. With that in mind, the following pro­
cedure was adopted for adjusting the elements in and out:

1. Add entire carbon deficiency to oil out.
2. Add oxygen and hydrogen to oil out in proportion to carbon added in

Step 1, maintaining measured oil composition.
V-15
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3. Add remaining oxygen deficiency to water out.
4. Add hydrogen to water out in proportion to oxygen added in Step 3 to 

maintain water compoaition.
5. Account for any difference in hydrogen in and out as "hydrogen added" 

from the gas atmosphere. This number will be positive if net hydrogen 
is moved from the gas atmosphere to the products, or negative if net 
hydrogen moves into the gas atmosphere.

Table V-6 summarizes the information obtained in the seven tests made 
on eucalyptus wood made in the bench-scale equipment and the single test on 
leucaena wood in the PDU equipment. Fischer Assay test information on each, 
while not directly comparable, is included. Also, quantities for the Base 
Case design are included for comparison.

Tabulations of elemental component quantities from measured flow rates 
and chemical analyses for eucalyptus are included in Appendix F. Correspond­
ing data for adjusted material balances are also included.

Table 7 shows analyses of eucalyptus and leucaena woods used as feeds
for the tests.

Table V-7. PROXIMATE AND ULTIMATE ANALYSES OF WOOD FEED MATERIALS

Eucalyptus Leucaena

Moisture 10.9 8.2
Volatile 73.3 74.3
Fixed C 14.6 16.1
Ash 1.2 1.4

C 49.0 49.2
B 5.9 6.1
0 42.1 42.7
N 0.1 0.5
S 0.1
Ash 2.8 1.5

100.0 100.0

V-16
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* Tab le  V -6 . PYROLYsis OF E*UCALYPl'ub ANd'LtuCAE*NA

_________________________ Eucalyptus__________________________________

Flacher
Assay,

12/11/80Case E-3 E-1 E-2 E-7 E-6 E-5
Teaperature, *P 1100 1220 1015 1030 980 990 1040,
Pressure, psig 200 100 100 100 100 100 100
Ataosphere 52X «2 «2 «2 «2 52X Hj He

Products, wt X*
Gas 31.8 46.5 29.7 34.3 17.2 23.6 30.5
LPG 5.0 4.1 3.9 4.7 1.0 1.8 1.5
Char 23.3 22.3 21.2 23.1 38.9 29.5 21.7
Oil 15.3 10.4 33.7 27.6 30.7 33.1 36.7
Water** 24.6 19.8 12.8 12.6 12.3 14.8 9.7
Hydrogen*^ 1.6 1.9 0.9 0.6 0.0 0.4 0.0

Oil Coaposltlon, wt X
C 84.4 72.7 61.1 59.0 57.7 61.2 59.0
H 13.2 9.3 7.8 7.0 6.4 6.2 7.6
0 2.4 14.5 30.6 33.0 35.4 32.6 33.2

Oil HHV, Btu/lb** 19,958 14,821 11,042 10,074 9268 9,926 10,425

Char Co«po8ltlon, wt t 
C 
H 
0 

N
Aah

Char HHV, Btu/lb**
Solubility, wt X 

Oil In Water 
Water In Oil

932
0

He

2 1 . 2

32.5
12 .2

34.1

49.4
7.5

43.1

8,255

E-4

B05
100

»2

10.5
0.5
50.4
35.0
4.7
0 .0

52.2
6.3

40.9

8,085

LeiiCaena

8.0

1.1

26.6
8.9

30.5
10.1

(e)
(e)

(e)
(e)

(a)
(e)

20.2

H.A.
f N.A.

42.7

WC-1
1234
250

402

41.1
3.6
7.6

24.3
24.5 
1.8

81.5 
6.2

12.3
14,338

1. 2‘
18.6

Flacher
Assay,

12/11/80

932
0

He

22.6

30.4
6. 2

40.8

55.3
7.7
37.0

9,674

89.3 63.1 57.1 54.7 59.9 54.0 58.7 76.1 52.0 67.4 85.1
2.7 3.1 3.9 3.6 4.5 4.0 3.9 2.5 5.2 8.8 2.9
1.8 16.5 24.0 22.6 26.2 23.7 23.4 7.3 34.9 ~ 7.1
0.2 0.1 — 0.2 0.2 0.2 0.3 — 0.2 — —
6.0 17.2 15.0 19.1 9.0 18.1 13.7 14.1 7.7 20.0 4.9

14,239 9,530 8,600 8,186 8,247 8,872 11,699 7,843 14,875 13,228

19.5‘ 
N.A.

00
t o

wt X of aolsture-free feed.
Net above water In with feed wood.
Hydrogen used froa ataosphere. Included In products. 
Calculated.
Total alaclblllty.
Carbon only.

<T>
O



6/82 65045

Referring to Table V-6 and comparing the values for the Base Case with 
the test data, it is apparent that conversion conditions somewhere between 
Test E-3 and Test E-1 or E-2 will produce the same percentage yield of product 
oil (15.32) as taken for the Base Case. At such conditions, the following 
generalizations are also apparent for the test values as contrasted to the 
Base Case:
• Char yield will be about the same as for the Base Case (21% to 22% 

versus 23%).
• LPG yield may be slightly lower than for the Base Case (3.9% to 4.7% 

versus 5.0%).
• Water production may be somewhat lower and gas production somewhat higher 

than for the Base Case.
• Hydrogen consumption will be about the same as for the Base Case (0.6% 

to 1.9% versus 1.6%).
• Unit heating value of the product oil will be considerably lower than 

for the Base Case (11,000 to 15,000 Btu/lb versus 19,958 Btu/lb). This 
is due to higher oxygen content (14.5% to 33% versus 2.4%).

• Unit heating value of the product char is considerably lower than the 
Base Case (about 9,000 Btu/lb versus 14,239 Btu/lb). This is also due 
to higher oxygen content (16.5% to 24% versus 1.8%).

• The solubility of product oil in water produced and the solubility of 
water produced in the product oil are both higher than for the Base Case.

Because of the decreased heating value of both oil and char, maintaining 
the same heating value output of products as for the Base Case would require 
a significant increase in the quantity of oil and/or char. Oil production can 
be increased by employing milder conversion conditions (lower temperature) as 
is apparent in comparing the oil yields for Tests E-1 (33.7%) and E-2 (27.6%) 
with E-3 (10.4%). Char yield remains essentially constant over this range. 
Unfortunately, increasing oil yield in this way heightens the solubility of 
the oil in water.

Heating value of the dissolved oil may be recovered to some extent by wet 
air oxidation as was contemplated for wastewater treatment in the Base Case.

*
See Page I I1 - 8 .
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The significant contribution of a hydrogen atmosphere during pyrolysis 
is evident by examination of the results shown for Tests E-6 and E-5, where 
the atmosphere consisted of 56% —  44X helium and 100% helium, respectively,
when contrasted with Tests E-1 and E-2 where the atmosphere was 100% hydrogen. 
Reduction in hydrogen partial pressure at essentially the same conversion 
temperature increases mutual solubility of oil and water to the extent that 
no liquid phase separation is evident in Tests E-6 and E-5.

It is apparent that the test data do not satisfactorily support the 
values assumed for the Base Case design. Therefore, adjusted design quanti­
ties and compositions more in line with test figures have been developed as 
described in the following section.

V-19
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VI. FINAL PROCESS DESIGN AND PRODUCT DISTRIBUTION

In order to maintain a design that vlll give a cost of products favorably 
comparable to the Base Case design, conditions should be such that the total 
heating value of the desirable products (char, oil, and LPG) produced should 
be as high as possible. Figure VI-1 shows, for the test data, the heating 
value contained In desirable products as a function of gas produced. (Gas 
produced Is a good measure of the degree of conversion, since it is considered 
to be the most accurately measured quantity of all the products obtained In 
the tests.) It can be seen from Figure VI-1 that, as the severity of conver­
sion changes, the Btu value of the oil passes through a maximum. That Is be­
cause, as severity (temperature) Increases, the quantity of oil produced de­
creases (see Figure VI-2), but, at the same time, the unit heating value of 
the oil Increases.

Since oil Is probably the most desirable and probably the most valuable 
product. It seems appropriate to design for the highest heating value In oil 
and LPG according to Figure VI-1. This Is at a conversion severity giving gas 
production of about 25%. Figure VI-2 shows the yield of all products as a 
function of the nominal reaction temperature for the test runs. Twenty-five 
percent gas yield corresponds to 970®F and other product yields are as follows:

Char 26%
Water 12%
Oil 33%
LPG 4%
Gas 25%

In order to make a complete material balance of the hydropyrolysis system 
and to define the composition of each of the products. It Is necessary to 
know how each of the elements (C, H, 0, etc.) contained In the feed are dis­
posed Into the various products. For this purpose, the experimental data 
generated from the continuous feed tests described In the previous section of 
this report, have been utilized. Charts showing the percentages of Individual 
feed elements converted to organic liquid, char, hydrocarbon gases, carbon 
oxides, and water have been prepared and are Included here as Figure VI-3 
through VI-9.

VI-1
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In order to develop the position and shape of the yield curves for these 
charts from the limited data available on wood hydropyrolysis, more extensive 
similar data on peat hydropyrolysis was utilized. The methods used are de­
scribed in a paper included as Appendix G, "Correlation of Hydropyrolysis Data."

Extensions to pyrolysis products of values determined from Figures Vl-6 
through Vl-9 at a carbon-to-carbon oxide conversion of 15% (corresponding to 
about 1000®? according to Figure Vl-3) are shown in Table Vl-1. Gas produc­
tion is 23.5% of wood feed which corresponds adequately to the maximum heating 
value In oil (organic liquid) product as shown in Figure VI-1.

Table Vl-2 shows the overall elemental material balance for the hydro­
pyrolysis section for 1000 tons/day (dry basis) of eucalyptus wood feed. This 
takes Into account distribution of water In feed wood, ash, sulfur, and nitro­
gen to the various products.

Table Vl-3 summarizes the material balance showing the quantities of each 
of the plant products.

Table VI-4 shows compositions and estimated heating value of organic 
liquid, char, and gas produced.

It was not apparent from the test data generated to verify the Base Case 
design that, at the temperatures and pressures contemplated, a high hydrogen 
concentration In the reactor gas Is effective In improving yields or quality 
of the liquid product. A simplified process system from the Base Case design 
has, therefore, been devised wherein reforming of recycle gas to Increase 
hydrogen concentration has been eliminated. Steam Is not required for reform­
ing so that the waste heat boiler following the pyrolysis reactor Is replaced 
by a reactor feed/product exchanger. However, a feed heater must be added to
make up sensible heat previously added In the reformer. Gas cleanup (for
CO2 removal) Is not necessary for reducing CO2 concentration In the recycle gas.

This suggested revised process flow diagram Is shown In Figure Vl-10.
Whereas, in the Base Case, all gas produced in the process was used in the 
reformer furnace, the new design will use only a fraction of the produced 
gas for the feed heater. The remainder will be available for other plant use 
to reduce the amount of fuel wood required. Lack of sufficient funds did not

ik
Some LPG was also required to supplement the gas.

VI-11
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permit making a new heat balance or capital Investment for this final design
Undoubtedly, the capital cost will be decreased and the quantity of wood re­
quired for fuel will be reduced from the Base Case design.

— Table VI-1. DISTRIBUTION OF FEED ELEMENTS TO PYROLYSIS (Dry Feed Basis)

X of Feed ^ Element In Product,
Element ^ Feed, lb/hr “ lb/hr % of Feed

H to Gas 5.0 4,892 245
C to CO^ 15.0 40,833 6,125
0 to CO

X
31.0 35,100 10,881

C to Hydrocarbon Gas 4.5 40,833 1,838
H to Hydrocarbon Gas 10.5 4,892 514

Total Gas 19,603 23.5
•kC to Organic Liquid 50.5 40,833 20,620

H to Organic Liquid* 41.5 4,892 2,030
0 to Organic Liquid 26.5 35,100 9,302

Total Organic Liquid 31,952 38.3

C to Char 30.0 40,833 12,250
_ H to Char 19.0 4,892 931

0 to Char 16.0 35,100 5,616

— Total Char 18,797 22.6

H to Water 24.0 4,892 1,172
~ 0 to Water 26.5 35,100 9,301

Total Water 10,473 12.6
—

Includes LPG.

VI-12



z
u>

H

C

-«
m

O
>
wt

<
M
I

(-•

m

n
z
z
o
f-

o
ct

■<

Table VI-2. FINAL DESIGN - PROCESS SECTION - MATERIAL BALANCE

N

Wood Feed (dry basis) 
Moisture in Wood

Total Feed

Net Products

»2
CO
CO2

CH4

C2H4

Total Gas (to fuel)

C^+ organic 

Organic Liquid

Char
Water

Total Products

40,833

40,833

4081
2044
1103
490
245

7963

306
306

20,008

20,620

12,250

40,833

4892
487

5379

245

370
82
66

759

51
69

1910

2030

931
1659

5379

35,100
3,899

38,999

5,436
5,445

10,881

9.302

9.302

5,616
13,200

38,999

lb/hr 
108

108

27

27
*27
i27

108

67

67

17

17

16*
17*

67

Ash
00
SJ

2333

2333

2333

2333

Total

83,333
4,386

87,719

245
9,517
7,489
1,473

572
307

19,647

357
375

31,220

31,996

21,173
14,903

87,719
Ot
cno

Arbitrary distribution.
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Table Vl-3. PROCESS MATERIAL BALANCE SUMMARY

In

Wood Feed 

Water in Wood

Out

Oil

LPG Product 

Char

Gas (to plant fuel) 

Water

lb/hr

83,333

4,386

87.719

31,220

732

21,305

19,603

14,859

87.719

wt %

100.0
5.3

105.3

37.5 

0.9

25.6 

23.5 

17.8

]05.3

* Does not include 19,043 lb/hr of steam to reformer.

Percent of dry wood.
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Table VI-4. COMPOSITION OF HYDROPYROLYSIS PRODUCTS

OrRanlc Liquid Char
lb/hr wt % lb/hr wt %

c 20,620 64.4 12,250 57.9
H 2,030 6.3 931 4.4
0 9,302 29.1 5,616 26.5
N 27 0.1 27 0.1 —
S 17 0.1 16 0.1
Ash — — 2,333 11.0 -

31,996 100.0 21,173 100.0

HHV, Btu/lb* 10',493

lb/hr

8,

Fuel Gas
mol %

764

—

»2 245 16.1 _

CO 9,517 45.1

CO2 7,489 22.5 -

CH^ 1,473 12.2

S « 4
572 2.7

307 1.4

19,647 100.0
HHV, Btu/SCF 387 -

Calculated from elements.
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VII. PRODUCTION COST OF PRODUCTS
In order to arrive at the cost of product production, ve have used the 

investment and operating costs developed for the Base Case A (Section III) and 
Base Case B(Section IV) designs with product quantities and quality developed 
for the Final Process Design (Section VI). Project funding was not adequate 
to prepare revised Investment and operating costs for the Final Process Design 
Case. It is believed that the Investment In the latter case will be lover 
than for both of the Base Cases. Likewise, the operating cost will be lower 
on account of less fuel wood required because added fuel gas will be available 
when the steam reforming of recycle gas Is eliminated. Therefore, the figures 
set out hereafter for production costs will be conservative.

On the basis of 1000 tons/day (dry basis) of eucalyptus wood converted, 
the plant products and their heating values will be as follows;

lb/hr Btu/lb 10^ Btu/hr
Organic Liquid 31,996 10,493 335.7
Char 21,173 8,764 185.6

521.3

Table VIl-1 summarizes the capital and operating costs for Case A (see 
Section III for details) and for Case B (see Section IV for details). Based 
on the above plant products producing 4.110 X 10^ MM Btu/yr (at 90X plant 
service factor) the costs of organic liquid and char considered together on 
a Btu basis are $6.24 and $5.29/mllllon Btu. On an oil equivalent basis of 
6 million Btu/bbl, these are equivalent to $37 and $32 per barrel.

Cost of wood delivered to the plant has been assumed to be $24.51/ton on 
a moisture-free basis. This Is equivalent to $1.50/10^ Btu. It Is expected 
that this Is a very minimum cost that may vary upward to as much as $44/ton.

The following table shows the effect of wood cost on the manufactured 
cost of products.

VII-1
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Table VII-1. CAPITAL AND OPERATING COSTS 
(1st Quarter 1981 Dollars)

Case A (Whole Logs Delivered to Plant )

$ million
Total Capital Required 59.721

*Annual Costs

Capital Charges at 15% of Total Capital Required 8.958

Wood at $24.51/ton** (dry basis) 13.507
* * *Other Operating Costs 3.178

Total Annual Cost of Production 25.643

Case B (Wood Chips and Fines Delivered to Plant)

Total Capital Required 48.340
*Annual Costs

Capital Charges at 15% of Total Capital Required 7.251

Wood at $24.51/ton** (dry basis) 11.807

Other Operating Costs 2.701

Total Annual Cost of Products 21.759

Based on 90% plant service factor.
** Equivalent to $1.50/10^Btu on higher heating value.

* * * Includes water, catalyst and chemicals, operating labor, 
supervisor, administrative and general overhead, maintenance, 
local taxes and insurance.

V l i - 2
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Products Cost, $/10^ BtuVood Cost, it **S/ton Case A Case B
—• 24.51 6.24 5.29

30 6.98 5.93
— 35 7.65 6.51

40 8.32 7.10
45 8.99 7.68
50 9.66 8.27
55 10.33 8.85
60 11.00 9.44

* Whole logs delivered to plant
** Chips delivered to plant.

Figure VII-1 shows graphically the effect of wood price on production
cost.

V II -3
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f r lc *  of Wood. 1/10 Btu

6010
B

40

f r lc t  of Wood, $/ton

20

Figure VIl-1. COMBINED COST OF ORGANIC LIQUID AND CHAR
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V I I I .  PLANT EFFLUENTS

The two main gas streams vented to the atmosphere from the plant are:

1. CO2 gas recovered from the process gas in the gas cleanup section.
2. Flue gas generated by burning wood/char in the fluid-bed combustion 

system A-102.
*CO^ Gas Vented to the Atmosphere

The sulfur content of the eucalyptus wood is taken to be 0.03%.
The composition of the reactor effluent gas stream for the Base Case Design 
\d.ll be:

CoBpooent

CO

COj

cu.

C2«,

COS

H,0

T o ta l

Wpla/Hr
448.5

87.5

7 0 4 . 6  

1 6 9 . 2

64.0

14.4

4 . 2

0 . 1 6

0.002

2061.0

3573.862

A typical composition of the CO2 gas recovered in the gas cleanup section 
will be:

Cowponant Holt/Hr
CO2

H2S

COS
Total

669.4

0.16

0.001
669.561

Applies to Base Case design. Final design leaves CO2 in fuel gas. It 
will, therefore, be included in flue gas.
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This CO2 will be vented to the atmosphere. It will contain 239 ppnrv of 
H2S and 1.5 ppmv of COS. The total sulfur thus released to the air corres­
ponds to only 0.0076 lb of S per million Btu of eucalyptus wood pyrolyzed in 
the process. The amount of sulfur vented to the air is about 5.2 lb/hr.

Flue Gas Vented to the Air

The quantity of eucalyptus wood burned in the fluid-bed combustion in the Base 
Case design is 56,397 lb/hr (dry basis) and the amount of S at 0.032 weight 
will be 16.9 lb/hr. Thus, 16.9 lb of S in the form of SO2 will be present in 
the flue gas.

The composition of the flue gas will be:

Component Mols/Hr

CO2 2,322.9
H2O 4,815.0

15,364.5
O2 1,693.7 —
SO2 0.5

Total 24,196.6 —

to the air with the flue gas is about 0.04 lb of S per
MM Btu of wood combusted.

The plant sulfur emissions are as follows:

Sulfur (usission as H»S and COS In the
vented CO2 gas 5.2 lbs of S/hr

Sulfur emission as SO. in the
vented flue gas 16.9 lbs of S/hr

Total Sulfur emission 22.1 lbs of S/hr
Beat in wood for process 681 HM Btu/hr

Beat in wood for combustion 461 KM Btu/hr

Total 1142 MM Btu/hr
Total Sulfur emitted per MM Btu of 
vood used in the plant 0.02 lb.

V I I I - 2



6/82 650A5

Plant Effluent Wastewater
The main liquid stream to be discharged from the plant is the process 

derived wastewater. About 75 gpm of wastewater will be purified by wet air 
oxidation treatment followed by biological oxidation prior to disposal.

The wastewater will typically contain about 2X by weight of organic 
materials as shown below.

Vt X
Acetic acid 0.50

Other organic acids 0.25

Methanol 0.20

Phenols 0.15

Acetone 0.25

Acetaldehyde 0.10

Other organlcs 0.55

Total 2.00

There is no biological treatment process now available that alone can 
handle the wastewater under consideration. Wet air oxidation (WAG) as a pre­
treatment of the water stream prior to biological oxidation Is considered 
necessary and so recommended. WAG would convert the wastewater to a much 
more biodegradable form.

We consider an 80% to 90% reduction In the total organic content of the 
wastewater. Some of the organic components are, however, more easily destroyed 
by the treatment. Phenol, for instance, would be at concentrations of less 
than 15 ppm.

The exact composition of the wastewater after biological oxidation treat­
ment will depend upon a number of variable factors, the process selected and 
the extent of purification needed for disposal at the site under consideration. 
However, we consider that after biological oxidation treatment and after final

VIII-3
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polishing, «n effluent water stream to contain 0.1 to 1.0 ppm of organics 
by weight will be achieved. We do not anticipate any formidable problem to 
sufficiently purify the wastewater stream and dispose It off to meet the 
environmental guidelines.

V I I I - 4
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IX. PERSONNEL REQUIREMENTS

Field Construction Personnel Requirements

Field personnel required for construction of the plant to convert 
1000 tons/day (dry basis) of eucalyptus vood have been estimated. Based 
on a total installed plant cost of $37 million ($60.7 million capital re­
quired) , approximately $12 million will be required for field construction 
labor. At an average of $15 per man-hour, 800,000 man-hours will be required. 
With 40 hours per work week and a 24-month construction period, an average 
work force of 192 persons will be required.

Personnel loading over the 24-month construction period has been esti­
mated as shown In Figure IX-1. Maximum loading of 300 persons occurs during a 
7-month period between the 10th and 17th months.

Plant Operating and Service Personnel Requirements

Plant personnel for the 1000 ton/day wood conversion system are esti­
mated to be 27 persons required. Classifications are as follows:

4 Operators per shift requires 16
Plant Superintendent 1
Plant Assistant Superintendent 1
Maintenance Foreman 1
Maintenance Mechanics 4
Clerk 1
Secretary 1
Chemist 1
Lab Technician 1

Total Plant 27

IX -1
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X. PLANT SITE REQUIREMENTS

A preliminary plot plan for facllitica arrangement has been prepared.
This Is ahovn in Figure X-1. As shown, the plant battery limits with oper-> 
ational buildings occupies a rectangular apace approximately 1000 x 500 ft 
(about 12 acres). Additional area has been allowed for wood storage (120,000 
tons of storage for a 3*-month backlog), ao that the entire apace required is 
1200 X 750 ft (22 acres).

An elevation view is shown in Figure X-2 indicating the height of the 
principal items of equipment presenting a high silhouette. The tallest item 
will be the guyed flare stack at 150 ft high. The reactor feeding system con­
sists of vessels rising up to 125 feet in height. These vessels will be sup­
ported in a structural steel framework.

X-1
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Table A-1. MATERIAL FLOW QUANTITIES FOR BASE CASE DESIGN
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Table A-1. MATERIAL PLOW QUANTITIES FOR BASE CASE DESIGN, Cont'd.

miAM ■■■n 
m uM  uoT incA no i t t a a

•4
00

Cl

ivt
•l/IU . U/IlT

U 22. f  102112 UlS.S OMft

■ • l i a r  • ta c k  ■ • •
f a t  B l i i a t  w ltn  
h a i e a a k v a tia n  

I b l / i t  U / K r

■ • • A a ra ta i  h a U a r  
fa a tf M t a r  

N » l/B r  U /H r

•taaa le 
■taaa T u rk ta *  
N > l/H c . U /H r

' 2“ *

V i
>2*

f a t a l  f r y  

M ita r  

f a t a l  a c t 

Fraaaaa

01
Ua

I S l M . l  tM 2 0 7  

lO t l . T  S41M 

I f M l . l  M M 1 7  

M l l . O  •»747 

2 4 1 H .1  t7 1 M t

10021.2 MO«77 

1 101 .0  H I M  

1 2 « a i.7  M 2 7 H  

1141. a M i l l  

lS 7 t k . l  41(111

2 M 4 .1  17M 2

2 74 .1  4710

2141.2  20(71

T t l . l  711S 

1 (4 4 .1  M i l l

171000 ( 2 2 7 . (  144210

f a t a l  ( t r a a a

■ ra a a u rc  ( ( a l l )  
. _____ a .

2 4 1 (4 .1  (7 1 M 4

1(00

117 (4 .1  41(111

1(00

1 (4 4 .1  M i l l

400

171000

22S

( 2 2 7 .9

IOC

410

144210

A .2

A m O C Y



6 / b : 650A5

Table A-1. MATERIAL FLOW QUANTITIES FOR BASE CASE DESIGN, Conc'd.
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Table A-1. MATERIAL FLOW QUANTITIES FOR BASE CASE DESIGN, Coot'd.
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Table A-1. MATERIAL FLOW QUANTITIES FOR BASE CASE DESIGN. Cost'd.
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Table A-1. MATERIAL FLOW QUANTITIES FOR BASE CASE DESIGN, Cont’d.
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. Table B-1. REACTOR ENERGY BALANCE SUMMARY

Beat Input MM Btu/Hr ** _
Energy Balance*

X of Total

Baat in wood at 60^F 680.75 76.2

Haat in recycle gas at 1650‘’f 213.19 23.8

Total 893.94 100.0

—
Beat Output

Beat in product gas at llOO^F 258.98 29.0
— Beat in propane and butane at 1100°F 91.71 10.3

Beat in oil vapor at llOO^F 260.34 29.1

Beat in char at llOO^F 282.13 31.6

— Total 893.16 100.0

•Provision has been made in the plant design to supply up to 20 MM Btu/hr 
of heat to the reactor tubes by passing hot flue gas generated by wood 
combustion. This heat supply may be needed to accommodate changes in 
the qualities and quantities of the products.

The following pages show details of determination of the heat 
content of various individual streams shown above.

« N I  T I T U T E 0  F
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Table B-2. r e aCTOR ENERGY BALANCE 
(Based on RHV and 60*̂ 7 Datum temp.)

Heat in Vood Feedstock at 60°F MM Btu/Hr

Heat of combustion:
83333 lbs/hr & 8169 Btu/lb • 680.75

Heat in Recvcle Gas at 1650°F 

Heat of combustion
Ho 1139.8 lb mols x 122796 Btu " 139.96 

hr lb.mol

CO 220.8 lb mols x 121659 Btu • 26.86
hr lb.mol

CH^ 13,5 lb mols X 3B35A8 Btu * 5.13
hr lb mol --------172.00 172.00

Sensible heat
H, 1139.8 lb mols x 11272 Btu
 ̂ — ĥ  ̂  lb mol • 12.85

CO 220.8 lb. mols x 119A0 Btu “ 2.64
hr lb ool

CH, 13.5 lb mols x 22195 Btu  * 0.30
 ̂ hr lb ®ol

CO.. 103.2 lb mols x 18619  Btu----2   lb mol • 1.92

H.,0 700 lb mols x 14460 Btu * 10.12
^ hr lb ®ol 27.82 27.83

Latent heat in steam
700 lb mols X 10.016 lbwxl059.7 Btu • 13.36 13.36

hr. Ibfflol lb

Total heat in Recycle Gas 213.19

B-2
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Table B-2. REACTOR ENERGY BALANCE, Cont’d 

Heat In Product Ges at 1100°F ^  Btu/hr

Beat of combustion

H, 448.8 lb mols x 122796 Btu " 55.11
hr lb Bol

CO 87.5 lb nols x 121659 Btu “ 10-65
hr lb ttol

CH^ 169.2 lb nols x 383548 Btu * 64.90
hr lb mol

C H 64.0 lb mols x 671566 Btu “ 42.98
hr lb mol

C-H 14.4 Jb mols x 607537 Btu * 8-75
hr lb mol

C^H^ 4.2 lb mols x 558267 Btu “ 2.34
hr lb mol

Sensible heat

164.73 184.73

H„ 448.8 lb mols x 7291 ■ 3.27
 ̂ hr

CO 87.5 lb mols x 7567 ■ 0.66
hr

CH 169.2 lb mols x 12658 - 2.14
^ “ h^

C.H, 64.0 3b mols x 21211 ■ 1.36
2  ̂ ~ h 7 “

C_H, 14.4 1> mols X  16957 •  0.24
2 H .nr

c H 4.2 lb mols x 13881 - 0.06
 ̂ ^ hr

CO, 704.6 1) mols x 11451 * 8.07
hr

H,0 2081.0 lb mols x 8998 - 18.72
 ̂ hr ________

34.52 34.52

B-3
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MM BTU/HR

Latent heat is atean
2081.0 Iba Bola x 18.016 lbs x 1059.7 Btu • 

hr lbs BOl lb
Total heat in product gas 

Heat in Propane and Butane g llOO^F 

Heat of combustion
Propane 2452 lbs x 21660 Btu “ 53.11

hr lb
Butane 1732 lbs x 21310 Btu ■ 36.91

hr lb _______

Sensible heat
Propane 2452 x 0.3881 x (1100-60) »
Butane 1732 x 0.3867 x (1100-60) -

Total heat in propane and butane 

Heat in Oil Vapor at llOO^F

Heat of combustion
12778 1 ^  X 19958 ^  

hr lb
Sensible heat
12776 X 0.4 X (1100-60)

Total heat in oil vapor

Heat in Char g 1100°?
Heat of combustion
19389 ^  X  14239

hr lb •
Sensible heat
19389 X  0.3 X  (1100-60)

Total heat in char

90.02

0.99
0.70

1.69

39.73

258.96

90.02

1.69
91.71

255.02

5.32

260.34

276.08

6.05
282.13
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APPEKDIX C

r ~  Complete Fiecher Assay Dsts
for

Lcucsens (Kao Baole) /•;
*

Includes:

1. Fischer Assay '

2. Oil Phase Analysis

> 3. Char Analysis

A. Gas Analyses

5. Organic Components In Water by GLC

6 . Analysis of Major Components in Oil by GLC

7. Total Organic Carbon In Water

C-1



ZN5TXTUTE OF GAS TECRNOLOCT 
ANALYTICAL BEPORT - HODIFXED FXSCHER ASSAY 
CHEMXCAL AND PHYSICAL TESTING LABORATORY

Project Mo. loouoof d by Q u n C ^N lab Mo. ^ 4 - 1 ^  9

Saaplt_ C R o u n ; D  q- D R i £ p  k o A H f io c B
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APPENDIX D

Complete Fischer Assay Data 
for 

Eucalyptus

Includes:

1. Fischer Assay

2. Oil Phase Analysis

3. Char Analysis

A. Gas Analyses

5. Organic Components in Water by GLC

6. Analysis of Major Components in Oil by GLC

7. Total Organic Carbon in Water
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APPENDIX E

The following raw data for Run UC-1 la included in 
this section.

* Gas Analyses
* Liquid Analyses
* Operating Conditions and Data Reduction

E-1



6/82 650A5

APPENDIX E. Continued
#

CAS ANALYSES - KUN WC-l

Wotes

• Gas sanplcs taken at intarvala throughout the run.
• Carrier gas (hydrogen plus nitrogen) content In the gas is relatively 

high because of heavy dilution of leucaena feedstock by sand. Carrier 
gas to product gas ratio went up accordingly.

I
E-2
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A1>PEKDIX E. Cont.

LIOUIP ANALYSIS - KUN WC-1

rhe follovlng analyses are included:

1. ASTM distillation of total oil sianilatcd by chroaatography.

2. Phase separation of liquid knockout, and distillation and ultimate
analysis of oil phase.

3. Simulated ASTM distillation (by chromatography) of plus 306°F 
heavy oil.

4. Component analysis of minus 306°F light oil.

5. Major organic components of water phase.

6. Volatile organics extracted from char by methylene chloride.

7. Total dissolved solids (organics) in vster phase.

E-10



INSTITUTE OF CAS TECHNOLOGY 
CHROMATOGRAPHY LAl^ORATQPY 

SIMULATED D IST ILLATION REPORT

PROJECT NO.! ^ S V ¥ T  ^ 0  LAD. NO.: Bl-1233
DATE! P-2-B1
SAMPLE: SSOAS 00 WC-1 STRAIGHT OIL

X'RECOUERED DEC F DEC C

I .D .P  . 2SS 123
SX (UT.X) 337 169
lOX 370 1B7
15X AOB 2 on
20X 43E. 223
3 OX 5SS 290
40X seu 36 A
SOX eao 471

X RECOVERED DY iOie F : 5S
X UNRECOVERED: 4S

ANALYST: EM

29 t 1 299 H 10 D

E-11



mSTITUTE dr USTECMWeLeSY____________1
T i t l t l f u M  •  T O T Y ^ T f A L  IT > d T fT

'  PROJECT NO. #5045*00 LAI. NO. 44565
* • £ 8 o £ T m ” fc Y "T > u iic T jj---------------------- l A f t ” * n n v r r n - ~ r - i o -----------f SAVPLEt OATE ONrf NC-

lATE orr 
1 LieuXD KNOCKOUT# 11*6*I0

*« PMASE SEPARATION
« Lteuxo dRottUED 72d~( 

OXL RECOVERED 19 C
• NATER IT IXrr.  706 6 

S0LXD5 RECOVERED 2 C
97.25
O.ZX

• /RACTIONAL IXSTXLLATXON—ASTN It65-T"
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Y C ^ i l
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INSTITUTE o r  CAS TECHNDLOCY 
CHROnATOCRAPHY LAPORATORY 

CinULATED OIBTILLATXON REPORT

PROJECT NO.:  fcS045-CC LAP. NO.:  BO-123:
OATE; i - 2 6 - B l  
s a m p l e : PLUS 306 F

X RECOVERED OEC F DEC C

1 . P . P . 390 198
5*  ̂ (W T.X ) ABO 24E

— 10^ 537 260
15-/. 5B7 SOB
20*/. 630 332

— 30*/. 772 A i l

X RECOVERED PY l O i e  F: 36
X UNRECOVERED: 6A

ANALYST: EM

Jt,

^99 H 100
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A N A L Y T IC A L  » £ P 0 R T  

C HB O M ATO O R APH Y LA B O R A TO R Y
# *

>roj«et N o. L  C O  p p f  / f - : L * /  T O  Ro^utotod by 0  D i/a jC 4 < J

No. ^ “0  > 1 3 1 * / ryyff/) Srm pic 0<i> _____________________

X>MPONENT ANALYSIS, w tlg h t p e r conti

. A re m ttic  H ydrocrrbom
»E N Z E N r  

Toluonc 

ethyl bensonc 

kd*, P'XyloncB  

^ •X y ltn e  

D| Bontonts  

C4  Bcntencs 

C| Bcnccnet 
STYRENE  
Methyl Styrenes 

C} Styrenes 
IND AN
M ethyl Sndens 

C}Xndsns 

C |  Indsns 

IN D E N E  

M ethyl Indenes 

C |Indenes  

N A P H TH A LE N E  

M ethyl Nsphthslenes 

C j Nsphthslenes 

B IP H E N Y L  
M ethyl Biphenyls 

A C E N A P H TH E N E

a

a . 3 v

e . w c /  

0 .  >2

I ' l l  

c  i  I

J l . W f

/ O S

0  > ?

/ - 7 ‘^
I- c i

0  o v  

C .03

m . 0»Centsin ing Compounds

P H E N O L  
O 'C re s o l 
M -.P *C re s o ls  

C | phenols 

C | phenols 

B E N Z O rU R A N  

M ethyl Beneoftarvns 

C ( Bensoftirsns 

A C ETO N E  
Methyl Ethyl Ketone

1% 7 
r  . ^ 2

I

i r  V 
3 »7 

d>.7<? 

/ 9 t  

o M i

IV . S*Contsinlng Compounds 

H,S
TH IO P H E N E  

Methyl Thiophenes 

C | Thiophenes 

C | Thiophenes 

C 4  Thiophenes 

C | Thiophenes 

B EN ZO TH IO PH EN E  
Methyl BensotMophenc 

C * - . t  C s d »

V . Other

C .03
O . 0 /  

0  ©5 

c o i  

O . O l

c . o ^

O.Ol 
t  o l

H . K  Ccntsinint Comoonnds
P Y R ID IN E
PYR R O LE
B E N Z O N IT R IL E
A C E T O N IT R IL E

V I. Unidentified
Jt.
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I NST I TUTE OF G A S  T E C H N O L O G Y

ANALYTICAL REPORT - MISCELLANEOUS 

CHEMICAL AND PHYSICAL TESTING LABORATORY
0

)jcct No ^  0  O p  Re q u f t e d  by H g /_____ LaH. No. V  (» 3
imple_________________________________ __________ ______________________________________ _

1 LAB NO. SAMPLE DESCRIPTION
T c - t , t  - f  B/»s«/vr J 
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APPENDIX E

OPERATING CONDITIONS AND DATA REDUCTION - RUN WC-1
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APPENDIX F.
Summary Material Balance Tables for 
Eucalyptus Runs E-1 Through E-7 and 

Leucaena Run WC-1

F-1

• N $ T I T U T E  o f ® A $  t e c h n o l o c y



WPUT C

Wood (dry) 3.099
Molaturc In Wood 

Added

Total Input 3.099

COMPOHEHT qUAirriTIES FOR RUN WC-1
(Measured Quantities In Pounds)

H
0.399
0.060

0.459

2.673
0.477

3.150

N
0.030 0.033

Aah

26.769

0.030 0.033 26.769

Total

33.003
0.537

33.540

00
K)

IK>

OUTPUT

Caa
CO 0.613
COj 0.108
CN^ 0.296
CjHj 0.215

0.036
Others 0.066

1.334
LPG 0.187
Water
Oil 0.053
Char 0.322
Moisture in Char

Total Output 1.896

Z Balance 61.2
(Output/Input)

0 .1 0 0

0.054
0.006
0.006

0.166
0.039
0.172
0.004
0.042
0.003

0.426

92.8

0.816
0.288

1.104

1.364
0.008

0.023

2.499
79.3

0 . 0 0 0

0.0

0.018

0.018
54. 5

26.036

26.036
97.3

1.429
0.396
0,396
0.269
0.042
0.072
2.604
0.226
1.536
0.065
26.418
0.026

30.875
92.1

« J N

o
Ln



IWPtfT C

Wood (dry) 82.0
Hoiature in Wood 
H2 Added

Total Input 82.0

COMPONENT QUANTITIES FOR RUN E-1 (grama)
(Measured Q uantities)

JL
9.8
0.6

10.4

_q_

70.5
4.9

75.4

JL
0.2

0.2

S
0.1

Aah
4.7

O . I 4.7

Total
167.3

5.5

172.8

00
KJ

•*1
I

rs
n
X
z
o
r~
o
o
■<

oirrpUT

Gaa
CO 9.1
CO2 5.1
CH4 5.1
C2«6 2 1

0.3
Othera

21.7
LPC 5.6
Water
Oil 7.4
Char 20.3
Hoiature in Char

Total Output 55.0
X Balance 67.1
(O utput/Input)

1.7
0.5

2 . 2

0.9
2.1
1.0
1.4
0. 2

7.8
75.0

12.2
13.6

25.8

16.5 
3.7 
8.5 
2.0

56.5
74.9

0.0

0.0
0 .0

0.0

0.3
5.3

5.6
119.1

21.3
18.7 

6.8  

2 . 6  

0.3

49.7 
6.5
18.6
12.4
35.5 

2 . 2

124.9
72.3 Oi>

Ui



•4

C

IHPUT C

Wood (dry) 136.7
Moisture in Wood 

Added

Total Input 136.7

COMPONENT QUANTITIES FOR RUN E-2 (grans)
(Measured Q uantities)

H

16.4 
1.1

17.5

117.5
8.2

125.7

0.4

0.4

0.2

0.2

Ash

7.8

7.8

Total

279.0
9.3

288.3

00
to

m

n
X

X

o
r
o
Cf

OUTPUT

Gas
CO
COj

CH4

C2«6

C2«4
Others

LPG

Water
Oil
Char
Hoiature in Char

Total Output
t  Balance
(Output/Input)

20.2

7.1 
10.6
3.7
1.1

1.7

44.4 
11.7

13.4 
35.2

104.7
7 6 . 6

3.6 
1.0 
0.2  

0.3

5.1
1.5
3.7
1.6 
2.3 
0.2

14.4
8 2 . 3

26.8
18.8

0.7

46.3

29.1
7.5

14.5 
1.3

98.7
78.5

0.1

0.1
2 5 . 0

0.1

0.1
5 0 . 0

0.8

12.3

13.1
167.9

47.0
25.9
14.2
4.7 
1.3
2.7

95.8
13.2
32.8
23.3 
64.5
1.5

231.1
80.2

On

o



INPUT C

Wood (dry) 136.5
Hoiature in Wood 

Added

Total Input 136.5

COMPONENT QUANTITIES FOR RUN E-3 (grams)
(Measured Q uantities)

JL
16.4 

1.0

17.4

117.3
8 . 2

125.5

0.4

0.4

0 . 2

0.2

Aah

7.8

7.8

Total

278.6
9.2

287.8

00N)

o

X

z
o
r
o
o

I

OUTPUT

Gaa
CO 26.4
COj 6.3
CH^ 17.2
C2H5 12.9

0.9
Others 2.3

66.0

LPG 10.2
Water
Oil 7.0
Char 39.3
Hoiature in Char

Total Output 122.5
Z Balance 89.7
(O utput/Input)

5 .8

3.3 
0.1 

0.5

9.7
1.3 
4.1 
0.9
1.9 
0.2

18.1
104.0

35.1
16.7

2.0

53.8

32.5 
1.4

10.2
1.9

99.8
79.5

0.1

0.1

25.0

0.1

0.1
50.0

1.0
10.6

11.6
149.0

61.5
23.0
23.0 
16.2
1.0
4.8

129.5
11.5
36.6 
10.3 
62.2
2.1

252.2
87.6

O'
Vn
O



IHPUT C

Vood (dry) 106.9
Moisture in Wood 
H2 Added

Total Input 106.9

COMPONENT QUANTITIES FOR RUN E-4 (grams)
(Measured Q uantities)

H

12.8

0.8

13.6

91.9
6.4

98.3

JL
0.3

0.3

s

0.2

0.2

Ash

6.1

6.1

Total

218.2
7.2

225.4

00
KJ

•n
O'

4

X

X

3

0
n

OUTPUT

Gas
CO ^-3
C O j 2-8

CH^ 1*2

C2«6
C jH ^  0 . 3

Others
9.2

LPG 0.8
Water
Oil 8-3
Char 57.1
Moisture In Char

Tota l Output 75.4

Z Balance 70.5
(O utput/Input)

0.4
0.1

0.5
0.2

1.8
1.0

5.7
0.2

9.4
6 9 . 1

5.7
7.5

13.2

14.0
6.5

38.4 
1.4

73.5 
74.8

0 . 2

0.2

66.7

0.1

0.1

50.0

0.5
8.4

8.9
145.9

10.0
10.3 
1.6 
0.7 
0.3

22.9
1.0
15.8
16.3 

109.9
1.6

167.5
74.3

o



-4

C

IHPUT C

Wood (dry) 63.1
Nolotare in Wood 
H2 Added

Total Input 63.1

COMPONENT QUANTITIES FOR RUN E-5 (grama)
(Measured Q uantities)

H

7.6
0.4

8.0

54.2

3.8

58.0

0.2 0.1

0.2 0.1

Aah

3.6

3.6

Total

128.8
4.2

133.0

00
K)

•*1
I■v)

o
z

o
p
•<

OUTPUT

Gaa
CO
CO2

CH4

®2«6

<=2"4
Othera

LPG
Water
Oil
Char
Hoiature in Char

Total Output
X Balance ^
(Output/Input)

8.8
3.5
2.7 
0.5
1.6

17.1
1.7

3.9
16.4

39.1
62.0

0.9
0.1

0.3

1.3
0.2

0.4
0.5
1.1
0.1

3.6
45.0

11.7
9.2

20.9

3.4 
2 . 2

6.5 
0.6

33.6
57.9

0.1

0.1
50.0

0.0
0.0

0.1
3.8

3.9
108.3

20.5
12.7
3.6 
0.6

1.9

39.3
1.9 
3.8
6.7 

27.9
0.7

80.3
60.4



IWPUT C

Wood (dry) 91.2
Moisture in Wood 

Added
Total Input 91.2

COMPONENT QUANTITIES FOR RUN E-6 (grans)
(Measured Q uantities)

H

10.9
0.7

11.6

78.3
5.4

83.7

N

0.2

0.2

0.1

0.1

Ash

5.2

5.2

Total

185.9
6.1

192.0

00
K)

>•1
o  '00

Z

o
r~

O
o

•<

OtffPUT

Gas
CO 8.9
CO2 3.1
CH4 4.9
CjHj 1.4
C jH ^  l . A

Others 1.3
21.0

LPG 2.9
Water
Oil 20.1
Char 29.6
Moisture in Char

Total Output 73.6

Z Balance 80.7
(Output/Input)

1.6
0.3
0.2
0.2

2.3
0.4
1.2
2 .0

2 . 2

0.1

8 . 2

70.7

11.8
8 . 2

0 . 6

20.6

9.5 
10.7
13.0
1.5

55.3
66.1

0.1

0.1
50.0

0.1

0.1
100.0

9.9

9.9
190.4

20.7 
11.3
6.5 
1.7
1.6 
2.1

43.9
3.3

10.7
32.8
54.9 
1.6

147.2

76.7

o»
O
KJ9



INPUT C

Wood (dry) 368.79
Moisture in Wood 

Added

Total Input 368.79

COMPONENT QUANTITIES FOR RUN E-7 (grains)
(Measured Q uantltlea)

H

4 3 . 9 4

2.87

46.81

312.31
22.76

335.07

N

1.35

S

0.38

1.35 0.38

Ash

24.34

24.34

Total

751.11
25.63

776.74

00KJ

I
VO

OUTPUT

Gaa
CO 21.20
COj 14.96
CH4 7.48
CjH^ 2.49
CjH^ 2.49

Othera 5.61

54.23
LPG 6.23
Water
Oil 110.91
Char 175.22
Moisture in Char

2.51
0.63
0.42
0.94

4.50
1.05
3.71

12.26
13.27
0.60

28.24
39.87

2.50

70.61

29.48
68.99
76.61 
4.81

0.71 0.30
0.26
26.27

49.44
54.83
9.99
3.12
2.91
9.05

129.34
7.28

33.19
192.42
292.38

5.41

Total Output 346.59 35.39 250.50
X Balance 93.98 75.60 74.65
(O utput/Input)

0.71
52.59

0.30
78.95

26.53

109.00

660.02
84.97

O'(-n
I



iwm c
Wood (dry) 82.0
Moisture in Wood 

Added
Total Input 82.0

COMPONEHT QUANTITIES FOR RUN E-1 (grams)
(Adjusted Quantities to Balance)

H

9.8
0.6

1.5
11.9

70.5 
A.9

75.A

JL
0.2

0.2

0.1

0.1

Aah

4.7

4.7

Total

167.3
5.5
1.5

174.3

00
K>

n
X
z
o
r
o
o

I •<

OUTFVT

Gas
CO 9.1
<X)j 5.1
(H(4 5.1
C2«g 2 .1

0.3
Others

21.7
LPC 5.6
Water
Oil 34.4
(]har 20.3
Moisture in Char

Total Output 82.0
X Balance 100.0
(Output/Input)

1.7
0.5

2 . 2

0.9
2.8

4.4
1.4 
0.2

11.9
100.0

12.2
13.6

25.8

21.9 
17.2
8.5
2.0

75.4
100.0

0.0
0.0

0.0

0.0

0.3
5.3

5.6

119.1

21.3
18.7 
6.8 

2.6  

0.3

49.7 
6.5
24.7
56.3 
35.5

2 . 2

174.9
100.3

o



llfPUT

Wood (dry) 
Moisture in Wood 

Added

Total Input

136.7

136.7

COMPONENT QUANTITIES FOR RUN E-2 (grans)
(Adjusted Quantities to Balance)

H

16.6
1.1

1.8

19.3

117.5
8.2

125.7

N

0.6

0.6

0.2

0.2

Ash
7.8

7.8

Total

279.0 
9.3 
1.8

290.1

00N>

•*1I
o
>

o
X

X

o
f“

o
o

OWTFUT

Gas
CO
CO^
CH*
C2«6
C2«6

Others

LPG
Water
Oil
Char
Moisture in Char

Total Output
Z Balance ^
( O u t D u t / I n o u t )

20.2
7.1 
10.6
3.7
1.1
1.7

66.6
11.7

65.6
35.2

136.7
100.0

3.6
1.0
0.2
0.3

5.1
1.5 
6.8
5.6 
2.3 
0.2

19.3
100.0

26.8
18.8

0.7

66.3

38.2
25.6
16.5
1.3

125.7
100.0

0.1

0.1

25.0

0.1

0.1
50.0

0.8
12.3

13.1
167.9

67.0 
25.9 
16.2
6.7 
1.3
2.7

95.8
13.2
63.0
77.0 
66.5
1.5

295.0
101.7

o03
o
o»



lltPUT
Wood (dry) 
Moisture in Wood 

Added

Total Input

136.5

136.5

COMPONENT QUANTITIES FOR RUN E-3 (grans)
(Adjusted Quantities to Balance)

H

16.A
1.0
5.6
22.8

117.3
8.2

125.5

J L
0.6

0.6

S

0.2

0.2

Ash

7.8

7.8

Total

278.6
9.2
5.6

293.2

00K>

a •*1I

m
n
X

o
o

OUTPUT

Gss
CO 26.6
COj 6.3
CH^ 17.2
CjHj 12.9
c^n^ 0.9

Others 2.3
66.0

LPG 10.2
Water
Oil 21.0
Char 39.3
Moisture in Char

Total Output 136.5
X Balance ' 100.0
(Output/Input)

5.8
3.3 
0.1 
0.5

9.7
1.3 
7.0
2.7
1.9 
0.2

22.8
100.0

35.1
16.7

2.0
53.8

55.6
6.2
10.2
1.9

125.5
100.0

0.1

0.1
25.0

0.1

0.1
50.0

1.0
10.6

11.6
169.0

61.5
23.0
23.0 
16.2
1.0
6.8

129.5
11.5
62.6 
28.9 
62.2
2.1

296.6 
101.2



iw m  c

Mood (dry) 106.9
Moisture in Wood 

Added
Total Input 106.9

COMPONENT QUANTITIES FOR RUN E-4 (grams)
(Adjusted Quantities to Balance)

H

12.8
0.8

13.6

91.9
6.4

98.3

N

0.3

0.3

0.2

0.2

Ash

6.1

6.1

Total

218.2
7.2

225.4

00N)

m
n
X

z
o
r
o
o

OUTPUT

Gas
CO
COj
CH^
C2«6
CjH,

Others

LPG
Water
Oil
Char
Moisture in Char

Total Output 
X Balance

4.3
2.8
1.2
0.6
0.3

9.2
0.8

39.8
57.1

106.9
100.0

0.4
0.1

0.5
0.2
1.8

4.8
5.7
0.2

13.2
97.1

5.7
7.5

13.2

14.1
31.2 
38.4
1.4

98.3 
100.0

0.2

0.2
66.7

0.1

0.1
50.0

0.5
8.4

8.9
145.9

10.0
10.3 
1.6 
0.7 
0.3

22.9 
1.0
15.9
76.3 
109.9
1.6

227.6
101.0

o
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(Adjusted Quant i t  ies to Balance) 00K>

m
n

o

o

tHPWT 
■ >

Hood (dry) 
Holsture In Wood 
Hj Added

Total Input

O O T m
Gaa

CO
CO2
CH^
C2«6
C2"«

Others

LPG
Water
Oil
Char
Moisture in Char

Total Output
Z Balance '
(Output/Input)

C
63.1

63.1

8.8
3.5
2.7 
0.5
1.6

17.1
1.7

27.9
16.4

63.1
100.0

H

7.6
0.4

8.0

0.9
0.1
0.3

1.3
0.2
1.7
3.6
1.1
0.1

8.0
100.0

0
54.2
3.8

58.0

11.7
9.2

20.9

14.3
15.7
6.5
0.6

58.0
100.0

N

0.2

0.2

0.1

0.1
50.0

S

0.1

0.1

0.0
0.0

Ash

3.6

3.6

0.1
3.8

3.9
108.3

Total

128.8
4.2

133.0

20.5
12.7
3.6
0.6
1.9

39.3
1.9 

16.0
47.3 
27.9
0.7

133.1
100.0

O '
LnO
Ln



COMPONENT QUANTITIES FOR RUN E-6 (grams)
(Adjusted Quantities to Balance)

A
m

o
>

IMV/<

INPUT C
Wood (dry) 91.2
Nolature In Wood 

Added
Total Input 91.2

OUTPUT

Gaa
CO 8.9
COj 3.1
CH^ 4.9
C2«6

1.4
Others 1.3

21.0
LPG 2.9
Water
Oil 37.7
Char 29.6
Moisture in Char

Total Output 91.2
Z Balance 100.0
(Output/Input)

H

10.9
0.7
0.8
12.4

1.6
0.3
0.2
0.2
2.3
0.4
3.6
3.8
2 . 2

0.1

12.4
100 .0

78.3
5.4

83.7

11.8

8.2

0.6
20.6

28.5
20.1
13.0
1.5

83.7
100.0

N

0.2

0.2

0.1

0.1
50.0

0.1

0.1

Ash
5.2

5.2

0.1

0.1
100.0

9.9

9.9
190.4

Total
185.9
6.1
0.8

192.8

20.7
11.3
6.5 
1.7
1.6 
2.1
43.9 
3.3
32.1
61.6
54.9 
1.6

197.4
102.3

CDKJ
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o
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(Adjusted Quantities to Balance)
IMPUT C

368.79Wood (dry)
Moisture in Wood 

Added
Total Input 368.79

oirrm

Gas
CO 21.20
COj 1**96
CH^ 7.48
CjNg 2.49

2.49
Others 5.61

54.23
LPG 6.23
Water
Oil 133.11
Char 175.22
Moisture in Char

H
43.94
2.87

-0.05

46.76

2.51
0.63
0.42
0.94

4.50
1.05
12.63
14.71
13.27
0.60

312.31
22.76

335.07

28.24
39.87

2.50

70.61

100.24
82.80
76.61 
4.81

1.35

1.35

0.71

0.38

0.38

0.30

Ash

24.34

24.34

0.26
26.27

Total

751.11
25.63
-0.05

776.69

49.44
54.83
9.99
3.12
2.91
9.05

129.34
7.28

112.87
230.88 
292.38

5.41

00K)

Total Output 368.79 46.76
Z Balance '
(Output/Input) 100.00 100.00

335.07

100.00

0.71

52.59

0.30

78.95

26.53

109.00

778.16

100.19
o»
o
U l
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Wood (dry) 
Moisture in Wood 
Rj Added

Total Input 

OUTPUT

Gas
00
COj
CH^
C,H,
'2"6
^2«« 

Others

LPG
Water
Oil
Char
Moisture in Char

C

3.099

3.099

0.613
0.108
0.296
0.215
0.036
0.066

1.334
0.187

1.256
0.322

Total Output 3.099 
X Balance 100.0

COMPONENT QUANTITIES FOR RUN WC-1
(Adjusted Quantities to Balance in Pounds)

H

0.399
0.060
0.117

0.576

0.100

0.054
0.006
0.006

0.166
0.039
0.231
0.095
0.042
0.003

0.576
100.0

2.673
0.477

3.150

0.816
0.288

1.104

1.833
0.190

0.023

3.150
100.0

0.030 0.033

Ash

26.769

0.030 0.033 26.769

0.000
0.0

0.018

0.018
54.5

26.036

26.036
97.3

Total

33.003
0.537
0.117

33.657

1.429
0.396
0.396
0.269
0.042
0.072

2.604
0.226
2.064
1.541
26.418
0.026

32.879
97.7

00K>

LnO
U3



APPENDIX G 

Correlation of Test Data
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ABSTRACT
Test data for the pyrolytic conversion of eucalyptus 

wood, leucaena wood, and peat to liquid fuel have been 
analyzed. Charts have been developed to facilitate predic­
tion of the quantity and composition of the various end 
products as a function of operating conditions such as 
temperature, pressure, and carrier gas composition.



HYDROPYROLYSIS OF BIOMASS AND RELATED MATERIALS 
FOR THE PRODUCTION OF LIQUIDS

INTRODUCTION
Pyrolysis is a technically viable option for conversion 

of biomass to superior liquid, gaseous, and solid fuels. 
Tests on lignite and peat have shown that the conversion 
temperature and the partial pressure of hydrogen in the 
pyrolysis atmosphere are Important factors in both the 
distribution and composition of products.

A process design to produce principally liquid fuel 
from Hawaiian biomass has been completed recently. This 
system (shown in Figure 1) has been previously described(l). 
Basically, it consists of short residence time pyrolysis of 
solids, entrained in a hydrogen atmosphere. This technique, 
which has been extensively developed at IGT for conversion 
of lignite, is termed HYFLEX®. Following reaction at about 
1100°F and 200 psig, char and liquids are separated from the 
reactor outlet gas. CO2 and LPG are removed and, since fuel 
gas is not a desirable product at the location contemplated, 
the remaining gas is reformed with steam for production of 
a high hydrogen content gas which is recycled to the HYFLEX 
reactor.

For processing eucalyptus wood, the distribution and 
compositions of products from the HYFLEX reactor were ini­
tially estimated by extrapolation of data previously ob­
tained with lignite and peat feeds. Work with peat(2) has 
shown that at a reaction temperature of 1450° to 1500 F oil 
production increases from 15/. to 207. as hydrogen partial 
pressure is increased from zero to 200 psi. A further in­
crease in hydrogen pressure decreases oil yield because of 
increased production of hydrocarbon gas. Therefore, process 
conditions for maximizing oil yield were established to give 
100 psi hydrogen partial pressure in the reactor (200 psi 
with 50 mol 7. hydrogen). Later, bench-scale experiments 
were conducted with eucalyptus wood and leucaena wood feeds 
to confirm the original assumption. This paper describes 
the results of the wood tests and their comparison with 
similar data on peat. Analyses of the wood and peat, which 
were tested, are shown in Table 1.

TEST EQUIPMENT AND PROCEDURES
Entrained flow pyrolysis of eucalyptus wood has been 

carried out in a 4-foot long, 1.9-inch ID vertical tube. 
Reactants are heated and maintained at reaction temperature 
by electric heaters surrounding the tube. Auxiliary equip­
ment consists of a feed hopper, screw feeder, char removal 
screw, effluent cooler, char and liquids collection vessels, 
and gas-sampling and metering facilities. Figure 2 is a 
sketch of the equipment arrangement and Figure 3 is a photo­
graph of the installation. A detailed description of the 
equipment and operation techniques has been provided else­
where (3) .
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Figure 1. FLOWSHEET FOR BIOMASS TO OIL BY HYFLEX



-16 + 60 
-60 + 100

Table 1. PROXIMATE AND ULTIMATE ANALYSES OF FEED MATERIALS 
Eucalyptus  Leucaena

100.0

100.0

Peat

Moisture 10.9
— -------- - vt 7.

8.2 5.2Volatile 73.3 74.3 56.3Fixed C 14.6 16.1 20.4

Ash-free Ash-free Ash-freeC 49.0 50.4 49.2 49.9 46.8 57.9H 5.9 6.1 6.1 6.2 4.8 5.90 42.1 43.3 42.7 43.4 26.9 33.3N O.I 0.1 0.5 0.5 2.2 2.7S 0.1 0.1 0.2 0.2Ash 2.8 1.5 19.1
100.0 100.0 100.0 100.0 100.0 100.0

-------- - Screen Ana1vQ-(a IT Q «; «♦- 7
— 6 4- 20 26.6-20 + 60 59.9

11.3
2 . 2

100.0
Representative sample.
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Figure 2. SCHEMATIC OF FREE-FALL DEVOLATILIZATION APPARATUS
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Figure 3. FREE-FALL REACTOR SYSTEM



Entrained flow pyrolysis of peat and leucaena wood was 
carried out in an 77-foot long, 0.815-inch ID coiled tube. 
The tube is wound to a 14-inch coil diameter. Heaters and 
auxiliary equipment, as shown in the sketch (Figure 4), are 
similar to that for the vertical tube reactor enumerated in 
the preceding paragraph. Figure 5 is a photograph of sever­
al alternate sections of the coil tube. A detailed descrip­
tion of the equipment and operation techniques has been 
provided elsewhere(2).

Analytical data are developed for each test. The 
weights of feed material and of char, organic liquid and 
water produced are recorded. The total gas volume (net gas 
produced plus carrier gas) is also recorded. The gas is 
analyzed for individual compounds (CO, CO2, H2, CH4 , etc.). 
From this analysis and the gas volume the weights of the 
individual compounds in the gas can be determined. Ultimate 
elemental analyses are carried out on the char, organic 
liquid, and the water phase to determine the content of C,
H, 0, S, N, and ash in each.

TEST CONDITIONS AND TEST RESULTS
The operating test conditions and percentages of total 

feed material converted to various end products are shown 
in Table 2 for eucalyptus and leucaena wood. Corresponding 
data for peat are shown in Table 3.

The test conditions for eucalyptus and leucaena are 
arranged in four groups according to varying conversion 
atmospheres:

Total Pressure, 
psia Carrier Gas Composition

Hydrogen Partial 
Pressure, psia

250 hydrogen/58% nitrogen 105
115 100% hydrogen 115
115 567. hydrogen/467, helium 64
115 100% helium 0

le test conditions for peat are arranged in four 
according to varying conversion atmospheres:

Total Pressure, 
psia Carrier Gas Composition

Hydrogen Partial 
Pressure, psia

_  . 500 100% hydrogen 500
250 100% hydrogen 250
100 15% to 64% steam/ 

85% to 16% nitrogen
0

30 51% eteam/49% nitrogen 0
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Figure 5. COIL TUBES



Feedstock 
Gas Ataosphere

Table 2. TEST CONDITIONS AND RESULTS FOR WOOD PYROLYSIS 

  ---------------------- Eucalyptus--------------Leucaena
Hydrogen/Nitrogen Hydrogen Rydrogen/Relioi Hellua

Total Pressure, psia 250 ---  115 — ■ 115 115
Temperature, *F 1234 805 980 1015 1030 1220 990 1040
Solids Feed Rate, lb/hr 11.3 0.31 0.29 0.57 0.34 0.32 0.19 0.29
Gas Feed Rate, SCF/hr 1027 69.3 71.6 71.4 68.6 68.8 69.4 185.6
Gas Residence Time, s 5.20 7.14 6.00 5.90 6.25 5.52 6.00 1.30

Product, wt X
Carbon Oxides 28.83 9.30 13.88 23.91 26.13 30.33 17.21 25.78
Organic Liquid 24.34 34.97 30.74 33.65 27.60 10.37 33.14 36.72
Char 7.55 50.37 38.93 21.22 23.12 22.33 29.53 21.66
Hydrocarbon Gas 15.88 1.65 3.92 9.68 12.94 20.28 8.18 6.21
Water 24.53 4.72 12.34 12.79 12.62 19.85 14.85 9.70

wt % of moisture-free feed.



Table 3. TEST CONDITIONS AND RESULTS FOR PEAT PYROLYSIS
Feedstock
Cae Ataoaphere
Total Fressore, pala
Teaperatore, *F
Solids Feed Kate, lb/hr
Gas Feed Rate. SCF/hr
Caa Residence Tlae, a

a
Products, wt X 
Carbon Oxides 
Organic Liquid 
Char
Hrdrocarbon Caa 
Water

—  Peat
----- Hydrogen ----- --- Steaa/Nitrogen -

—  30—
1110 1220 1340 1510 1000 1110 1220 1315 1405 1230 1335 1515 1285
8.5 10.7 23.1 11.6 10.3 1.7 9.4 14.6 14.0 7.3 6.1 9.3 72.1
2126 2121 2233 1815 1096 941 985 965 1065 337 478 370 177
5.3 4.9 3.9 4.9 4.7 5.2 4.8 5.2 4.6 5.3 4.1 4.0 1.0

16.92 17.42 17.78 16.92 11 .09 1 3.99 14.24 18.00 21.71 21.08 24.46 31.98 16.14
15.96 13.62 16.42 6.39 20.17 17.93 19.90 11.79 6.78 14.43 13.86 11.4] 8.96
38.79 38.38 45.29 39.82 53.36 48.48 39.82 48.25 45.05 47.80 43.14 40.80 51.06
15.03 16.75 10.53 21.83 3.18 7.74 10.90 14.02 18.64 7.64 10.63 10.88 6.79
14.76 14.31 10.28 16.88 12.47 11 .43 16.45 13.64 12.77 8.27 7.70 2.99 14.20

wt X of aolsture-free feed.

B82010044



DISCUSSION
Design of a system to convert biomass to superior fuels 

requires not only a knowledge of the quantities of the vari­
ous end products - char, organic liquid, water, hydrocarbon 
gases and carbon oxide gases ~ but also requires a knowledge 
of their compositions. Both quantities and compositions 
will depend on the specific conditions of temperature, pres­
sure, residence time, and composition of the gas atmosphere 
employed during conversion.

Figure 6 is a diagram showing the elemental composition 
of some of the feed materials and end products of interest. 
Superior fuels are obtained by removal of oxygen. Removal 
of carbon or the addition of hydrogen may also be necessary 
to attain the specific carbon-to-hydrogen ratio desired. 
Oxygen may be removed from the system as carbon oxides (CO2 
and CO) or as water (H2O). Removal as CO2 is preferable 
since it removes more oxygen without removing any hydrogen. 
For example. Line a, b, c of Figure 6 shows that removal of 
sufficient CO? alone from eucalyptus or leucaena wood will 
produce liquid hydrocarbons with a composition close to 
hexane. Since production of carbon oxides is an important 
consideration in the conversion process and also because it 
is one of the most reliably measured quantities in the 
experimental work, we have chosen to employ it as the prin­
cipal measure of the extent of conversion in predicting 
conversion to end products.

The elemental composition and the quantity of the vari­
ous end products from conversion will depend on the percent­
age of each element from the feed converted to each product. 
These percentages are derived from the experimental measure­
ments of elemental compositions and quantities of each end 
product relative to the elemental composition of the feed 
material. Comparing the percentages of each feed element 
converted to each end product against the extent of conver­
sion (percent of feed carbon to carbon oxides), shows the 
effect of feed type (wood or peat), of the reaction pressure, 
and of the reaction atmosphere composition (carrier gas 
composition). This is the purpose of the following discus­
sion.

Figure 7 shows that the extent of conversion, as evi­
denced by carbon oxide formation, increases linearly with 
increasing temperature. For peat, conversion is slightly 
higher in a steam-nitrogen atmosphere at 30 to 100 psia than 
in a 1007. hydrogen atmosphere at 250 to 500 psia. Conver­
sion of wood is not affected at all by gas atmosphere and 
at equivalent temperature is higher than conversion of peat. 
It appears that there is insignificant conversion below 
650°F for either wood or peat.

Figure 8 shows the effect of the pyrolysis gas atmos­
phere on the total amount of hydrogen going to end products. 
With carrier gas containing no hydrogen, the amount of 
hydrogen contained in products is either less than or about

1 ?
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equal to hydrogen contained In the solid feed. "Less than" 
means that hydrogen will be produced as gas which is not 
counted as a product. Increasing hydrogen partial pressure 
in the carrier gas increases the quantity of hydrogen going 
to products to make it considerably more than the hydrogen 
in the solid feed. That is, hydrogen from the gas becomes 
part of either organic liquid, char, hydrocarbon gas, or 
water.

Figure 9 shows the disposition of carbon, hydrogen, and 
oxygen individually from the feed into organic liquid. The 
percentage of each element to organic liquid reaches a maxi­
mum at between 107o and 157. carbon to carbon oxides and then 
decreases rather rapidly at higher extents of conversion. It 
is interesting to note the similarity between the percent­
ages of carbon and hydrogen going to oil, suggesting that 
there are groups of hydrogen to carbon bonded radicals re­
maining intact. On the other hand, the percentage of feed 
oxygen going to organic liquid is lower than the percentage 
of both carbon and hydrogen. This is desirable for improv­
ing the fuel value of the organic liquid as compared with 
the feed. The percentage of oxygen going to organic liquid 
is much less for peat than for wood. The organic liquid 
produced from peat is thereby of higher quality as a fuel 
(lower oxygen) both because there is originally less oxygen 
in the peat and also a lesser percentage of oxygen is con­
verted to organic liquid.

Figure 10 ahows the disposition of carbon, hydrogen, 
and oxygen from the feed into char. At low conversions, the 
amount of each element remaining in the char decreases 
rapidly as conversion increases. At higher conversions the 
amount tends to reach a constant value. Here, the hydrogen 
and oxygen show similar percentages reporting to char while 
carbon to char is considerably higher. Increasing hydrogen 
pressure has a marked effect in decreasing the amount of 
each element remaining in the char.

Figure 11 shows the considerable effect of increased 
hydrogen pressure to increase both carbon and hydrogen going 
to hydrocarbon gases.

Figure 12 shows that there is little effect of hydrogen 
pressure on the quantity of oxygen going to carbon oxides.
The percentage of oxygen to carbon oxides is higher in the 
case of peat than in the case of wood. It turns out that, 
because the percentage of oxygen in the peat feed is lower 
than in the wood feed, the ratio of oxygen to carbon in the 
carbon oxides produced is very nearly the same for peat and 
wood conversion.

Figure 13 shows that, for peat, the percentage of ele­
ments converted to water reaches a maximum at between 57, and 
107. of carbon to carbon oxides. On the other hand, for wood, 
water formation increases continuously over the full range 
of conversion investigated.
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Mainly, the conversions by pyrolysis of wood and peat
show decided similarity. There are some very notable excep­
tions. In the region of substantial liquid production im­
portant differences are as follows:
• Conversion of peat requires 200° to 400°F higher 

temperature
• Organic liquid produced from wood contains much more

oxygen than organic liquid produced from peat. The 
oxygen not appearing in the liquid from peat appears 
mainly in carbon oxide gases or as water.

« Increasing hydrogen partial pressure tn the pyrolysis
gas atmosphere markedly increases the amount of hydro­
gen converted to total end products. In the case of 
peat, the proportion of hydrogen going to oil is 
decreased by increasing hydrogen pressure. In the 
case of wood, the proportion of hydrogen going to oil 
is generally higher than in the case of peat and is 
not affected appreciably by varying hydrogen pressure.
The charts presented here for predicting the percentage 

of feed elements going to various end products can be used 
to calculate the quantities and compositions of each of the 
products. Table 4 shows how this may be done for one spe­
cific condition with eucalyptus wood.
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Table 4. PRODUCTS FROM EUCALYPTUS PYROLYSIS

Condition: 157. of Feed Carbon to Carbon Oxides 
Hydrogen Carrier Gas at 113 psia

------------  Conversion

7. of Feed 
Element X

7. in 
Feed *

7. of 
Total 
Feed

Composi­
tion , 
wt %

1

C to Organic Liquid 43 49.0 21.1 59.3
H to Organic Liquid 46 5.9 2.7 7.6
0 to Organic Liquid 28 42.1 11.8 33 .1
TOTAL TO ORGANIC LIQUID 35.6 100.0

C to Char 29 49.0 14.2 59.1
H to Char 18 5.9 1.1 4.6 -
0 to Char 14 42.1 5.9 24.6
Ash to Char 100 2.8 2.8 11.7
TOTAL TO CHAR 24 .0 100.0

C to Hydrocarbon Gas 15 49.0 7.4 83.1 -

H to Hydrocarbon Gas 25 5.9 1.5 16.9

TOTAL TO HYDROCARBON GAS 8.9 100.0 -

C to Carbon Oxides 15 49.0 7.4 37.0
0 to Carbon Oxides 30 42.1 12.6 63.0

TOTAL TO CARBON OXIDES 20.0 100.0

H to Water 25 5.9 1.5 11.2
0 to Water 27 42.1 11.4 88.9

—  'ft

TOTAL TO WATER 12.9 100.0
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