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1.0 Introcduction

Pursvant to DOE grant number: DE=FG07-30RA~-30316, "Methancl fzom
Bucalyptus Wood Chips," Biomass Energy Systems, Inc. (BESI}) has con-
ducted a detmiled feasibility study of production wethanol Zrom

Rucalyptus in Central Florida. The feasibility study, which is

sumarized in this decument, includes nine cther decunents:
Document
mutker Title
1 The Florida PFucalyptus Energy Farm = Silvicultural

Methods and Considerations

2 Vegetative Propagation of Eucalypts

(71

Florida's Bucalyptus Enewgy Farm and Methanol Refirery -
The Background Environment

4 Health and Safety Aspects of the Florida Eucalypt Bicmass
to Methanol System

5 Florida's Eucalyptus nergy Farm and Mathanol Refin -
Environmental Inpact Assessment

6 The Florida Bucalyptus Pnercy Farm Interface with Natural
EcoSystems

7 Peasibility Study Eucalyptus to 1000 STPD Methanol Plan

in Scuth Central Flerida - Davy McKes Corp.'s Final
Engineering Report

8 ~ The Wood-fueled Gasificat.on System - Evergreen Energy
Corp.'s Final Engineering Report

] The Florida Bucalyptus Energy Farm and Methanol Refinery
-~ The Econamic Znalysis

Final Report The Florida Fucalyptus Energy Farm and Methanol Refinery
~ Final Surmery Report

This feasibility study is an all encumassing, site specific

analysis. All phases of methancl production axe examined—from seedling



to delivery of finished methanol, The study examines: (1) production
of 55 million, high quality, Bucalyptus se=dlings chrough tissue cul-
turs; (2) establishment of a Eucalyptus energy plantation on approxi~
mately 70,000 acres; (3) engineering for a 100 million gallon-per-day
methanol production facility; (4) potential envirormental impacts of the
whole project; (8) safety and health aspects of producing and using

methanol; and (6) develcmment of site specific cost estimates.

1.1 Proiect overview

The project is designed to produce 100 million gallons per vear of
fuel grade methanol (1,000 tons per day). The methanol will be marketed
to major oil rxefining firms for use as an octane enhancer and fuel
extender or it will be sold to bulk dealers for direct use as fuel for
fleet use, Methanol will be produced in central Florida from Eucalyptus
wood. The technolegy for preducing methanol from wood is well xnewn and
involves: (1) gasification of weed, (2) clean-up and reforming of the
resulting gas, and (3) catalytic conversion to methancl. This process
along with two preliminary engineering designs are examined in engineer-
ing reports by Evergreen Energy Corporation (Working Document No. B) and
Davy=-McKee, Incorporated (Working Document No. 7).

To produce 1,000 tons of methancl per day will require approximate-
ly 4,000 tons of Eucalyptus per day (green). This weed will be produced
in a large Eucalyptus energy plentation which is described in Working
Document 1: The Florida Fucalvptus Bnergy Famm—Silvicultural Methods

and Practices. Eucalyptus seedlings will be produced via tissve culture

as discussed in Working Document 2: Vegetative Propagatien of

- Eucalypts,




Figure 1 provides a schematic of the metharol frcm Eucalyptus

Droject.
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Figure l,—Methanol frem Eucalyptus

1.2 Market envircnment

E‘orec.;asts that energy prices will rise more rapidly than inflation
over the next 20 vears come as no surprise. Table 1 presents recent
projecticns by the U.S. Department of Energy (1982). Oil prices are
projected to increase throughout the peried. In 1980 dollars (+o
abstract frcm general inflation) cil prices will increase from $34 per
barrel to S67 per barrel by 1995. Thus, oil prices are forecast to rise
faster than inflation, posting a compound real crowth of 4.6 percent.

Continued real increases in world oil prices have set in moticn
many gracal but significant econcmic changes. The stock of energy
using capital in the eccncmy is being slowly converted or replaced by
more enexgy efficient capital. In addition, fuel switching away from
costly oil to less expensive altermative fuels like coal is taking

place. These trends are expected o continue throughcut the next 15



vears. Thus, under the pressure of steadily rising enesgy prices the
growth in U.S. oll conaumption is forecast to £all, This is a stark
contrast to the 1950s, 1960s, and 1970s.

Gasoline prices will also rise significantly over the next 15 veaxs
posting a real growth of 4 percent-per-year. In response, gasoline
consumption is forecast to fall fram 276.2 millien gallens-per-day in
1980 to 190,7 million gallonu-ver-day by 1995. Four factors account fox
this decrease. Pirst, fuel efficiency is forecast to increase substan-
tially. The fleet average miles-per—gallon is ewpected to jurp from
14.2 in 1980 to 26.8 by 1%95. Second, the transportation sector is
slated to grew moxe slowly over the next 15 vears. Growth in the nurber
of registered vehicles and miles traveled will slow significantly as
fuel costs rise. Third, higher g:asaline prices will pronpt greater use
of diesel-powered vehicles, Finally, rising gasoline prices will foster
the develomment of methanol fuels (U.S. Pepartment of Enercy, 1981, pp.
42, 94-95).

As a result, the transpertation sector will absorb a declining
share of the nation's total energy consumption throughout the 19€0-1995
period, This reverses the trend begun in 1965 when transportation
energy use began gqrowing faster than overall energy consumpticn. Even
so, the transportation sector will still consume the lion's share of
U.S. petroleum. Its absorpticn of oil will increase frem 53 percent of
the total in 1979 to 56 percent bv 1995. Thus, while other sectors can
lecate suitable substitutes for oll based fuels, transportation can not.
(U.S. Department of Energy, 1982, pp. 39).



The Department of Energy's forecasts Zor 2000 and 202¢ do pot
display any sharp breaks with the trends expected for 1980-1895. In
general, the adjustments to ever—more-scarce and ever-more-costly oil
which began in the mid~1970s will continue through 2020, Future
damestic supplies of oll and gas will be higher than if a lower price
were to prevail, but their supplies are forecast to dwindle after 2000.
Higher prices for oil and gas will encourage the use of alternative
fuels, varticularly coal, and spur continued energy consexvation (U.S.
Department: of Energy, 1982, pp. 103-104).

Cne striking feature of the Department's forecast is the rapid
expansion in consumption of synthetic liquid fuels such as methanol The
basic factors which pranote the rapid develepment of a synthetic liquid
fuels industry include: continued dependence on liquid Zfuels Zer
transportation, the absence of other econamically viable substitutes for
transportation, the assunpticn of rapicdly rising world oil prices, and
the continued depletion of U.S. oil reserves. By 1930 the Cepartment
forecasts wethanol demand for fuel purposes will exceed 7 million tons
and mav rise to nearly 15 million tons by 1995 (U.S. Department of
Energy, 1980, pp. 94 ard 165).

This study evaluates cne pathway by which methanol fuel can be
produced to service the automotive fuel market. We report on the
feasibility of producing methanol from Eucalyptus wood chips in Central
Florida. The project is a camprehensive one, and it includes all phases
of procuction from seedling to delivery of methancl. Secticn 2 examines
+he future market for methanol fuel and projects futwure methanol prices.
Section 3 describes the steps involved in producing metharol fram

Eucalyptus in Central Florida. The concept involves a gzass-roots,



nearly self-sufficient, facility. A detailed financial feasibility
analyeis is included, Secticn 4 evaluates tha potential environmental
impedimenta to the project, and Section 5 presents cur conclusions.

Tabhle l.—Selected U.S. energy prices and demand, 1980-1995
(in 1980 dollars)

1960 1985 1990 1995
0Ll
Price ver barrel $34.00 $33.00 549.00 567.00
Milliens of harrels per day 17.0 16.6 15.7 17.8
Gasoline
Price per gallen §1.22 51.37 51,75 $2,20
Millicns of gallons per day 276.2 A Na 190.7

Na Not available. .
Source: U.S. Department of Energy (1982), pp. xvi, xx, 42, 4.

2.0 The methanol market 1985 and bevond

For methanol to develop as a 'fuel it will have to compete success-
fully against petroleum based fuels, especially gasoline. To penetrate
the fuel market, methanol will have to represent a real savings to the
censumer after all relevant costs are considered including delivery,
conversion and efficiency in use.

Since metharol is not used as a fuel in any significant quantities
at this time, an established fuel methanol market does not exist. Thus,
the price for fuel methanol is unknown. However, the price of chemical
grade methanol can be used as a point of departure. At present, posted
prices for methanol on the Gulf Coast is 71¢ per gallon (Alcohol Week,
April 19, 1982, pp. 4).

Another point of departure for pricing methanol as a fuel is to
compare its price to gasoline. Since methancl contains roughly half the



heating value of gasoline, one might expect the price of methanol to be
appreximately one~half that of gasoline. This is at best a rough lower

limlt to methanol's wvalue or price as a fuel f_or two major reasons.
First, methanol has a higher octane rating than gasoline, and methanel
is particularly useful as an cctane enhancer. Secend, simple BIU
camarisens ignore coperating efiiciencies, conversion costs, and
emissions. These factors can be crucial. Tor example, a gallen of iuel
oil has a higher BTU ccrtent than a gallon of gasoline, but gasoline
sells for more in the market.

with this background, the best appreach to establishing a forecast
for methanol is to assess the price at which methanol can penetrate the
autcmotive fuel market.

As Bentz, et al. (1980, pp. 1l11) point out, the automchbile
transportation market is composed of a mumber of distinct sub-markets
including: dedicated fleets (government, business, etc.), diesel
powered, vehicles, and gasoline powered perscnal vehicles. The key

markets for methanol fuel are fleets and personal vehicles powered bv
gascline.

As noted above the potential penetration of methanol depends upen
(1) ite price relative to casoline, (2} assured supplies of methanol,
(3) distrimtion, (4) the capacity for utilizing methanol efiectively,
ard (5) regulations., In this secticn we address only the first of these
cuestions. Secticn 3 describes how methanol will ke preduced from wooc
and shipped to market. In zddition, Section 3 also evaluates the
cometitive status of methaneol. Section 4 examines environmental

concerns and goverrment regulation.



Mathanol can be used in two ways as an autorotive fuel. First,
mathanol car be used as a fuel substitute. Neat or 100 percent (plus
slight impurities) methanol powered vehicles have existed for some time.
Second, methanol can be used as a blending agent with gasoline. Each of

these two reutes to methanol fuel use has quite diffevent implicatiens,
For example, blends of up to 10 percent methanol can be used in today's

autos raising the cctare rating of the fuel and extending the supply of
gasoline. By contrast, the use of neat methanol requires scme signifi-
cant engine and carburetor medifications, but offers the reward of
greater econcmy and improved performance. [ue to these differences in
potential methanol fuel use, different autcmotive market segments will
have different penetraticns.

There are numercus studies of tho market for methancl as a blending

agent with gasoline. Table 2 displays a sampling of the forecasts from
these studies.

Although the forecasts sppear to differ significantly, they have
the following commen characteristics. First, extensive methanol blend-
ing is expected to cocur after 1990 when sucplies of methanol are
assursed, Second, subject to the concerns over distribution and
utilization discussed below, methanol blends will not encounter any
technological barrigrs. Finally, the three studies concur that limits
cn the availability of fuel methanol restrict its use as a blending
agent. Thus, the widely different forecasts for methanol use as a
blending agent are the result of widely Jdifferent projections of
methanol suoply levels and not due to different views about methanol
cemand.



Bentz, et al. (1980, p. 117) notes that an a.ddi;cional Limortant
Gemand for methanol as a blending agent was ignored by all three of
thase studies—its use as an octare enhancer in the form of MIBE {methyl
terta-butyl ether}. MIEF is an important octane enhancing additive for
unleaded gas. MIBE is mixed with unleaded gasoline in concentrations of
3 to 5 percent, Since methancl is a major ingredient in MIBE (up o 30
vercent by weight), a significant proportion of methanol can enter the
gasoline market as MIBE,

Table 2.—Forecasts of the potential market Zor methanol
fuel in automobile gasoline blends

(105 barrel/year)

Market stucy 1280 1685 1990 1995 2000

Total U.S. projected
gasoline demand 1

on an anmal basis 2,810.5 2,409.0 2,007.5 1,788.5 1,673.0

Frost and Sullivan® — —— 63  10.0  16.6
Badger> — — 0.8-5.0 0.9-8.0 0.9-8.5
Collieries® — — 59,5 95.2  157.1

Sources: lU.S. Department of Energy (1980), pp. 42.

“Bentz, et al. (1980), gp. 115.

3collieries Management Corp. (1980), pp. 93.
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To penstrate this market methanol will have to be competitive with
wholesale gasoline prices at the mixing point. Our survey of major oll
campanies (discussed below) confirmed this and identified the mixing
point as the refinery., Oil companies conceptvalize the blending of
methanol. as a refinery process for two main reasons. First, by mixing
at the refinery the cil camany can tailor the resulting blend preperly.
Since gasoline is a mixture of hydrecarbons, the refinery run must be
tailored to mesh with methanol blending, Ctherwise excessive evapora-—
tive emissicns c<an result (this issue will be discussed at greater
length in Secvion 4,) Second, by mixing at the refinery carpanies can
make use of their existing distribution systems.

In light of the conditiocns for methanol to penetrate the gasoline
market as é blending agent, it must be priced to be competitive with
wholesale gasoline prices at the refinery gate. Table 3 contains the
U.S. Department of Enexgy's latsst forecast for ¢asoline prices.
Unfortunately these are retail prices and not wholesz2ie prices. Thus,
we nmst determine the relaticnships between wholesale and retail gaso-
line prices frcm 1980 to 1995, Fortunately Collieries Management Corp.
(1980, p. 145) has aralyzed the cost of transporting and distributing
gasoline and methanol. Thelr research indicates that the ratio of
wholesale~to-retail gasoline prices will be between 0.763 and 0.776 frcm
1980 to 2000, Table 4 presents a foxecast for wholesale gascline prices

based on these fiqures.
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Table 3.—0il and gasoline, 1980-1995
{1980 dollars)

1980 1985 1990 1965

ol .
Price per barrel $34.00  §33.00 549,00  $67.00
Millions of barrels

per day 17.0 16.6 15.7 15.3
Gasoline
Price per barrel $1.22 $1.37 §1.75 §2.20
Millicns of gallons

per day 276.2 MA NA 190.7

Source: Energy Information Administraticn, U.S. Department of Energy,
1981 Anmual Report to Congress, Vol. 3, February, 1982, pp. xvi, xx¢, 42,
and 44.

Tahle 4.—Forecasts of whalesale gasoline prices
at the refinerv gate

(1980 collars)

) 1980 1985 1990 1995
Retail gasoline price per ga..llc:nl $1.22 $S1.37 §l.75 §2.20
Ratio of wholesale-to~retail price? 0.757 0.763 0.769 0.776
Whelesale price per gallon $0.92 81.05 S51.35 $1.7i
Scurces: lTable 2.4.

%collieries Management Corporaticn, op. cit, p. 145,
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To be a viable blending agent methanel will have to he priced at or
below S1.05 per gallon in 1985 (using deflated 1980 dollars) and at or
below $1.71 in 1995. These prices will have to include shipping and
handling costs to a refirery where blending will take place according to
the current thinking of the petroleum campanies.

The potential use of wethanol as a gasoline blending agent and
octane enhancer is not the sole path by which methancl can penetrate the
aucanotive fuel mavket. Methanol can also be used as a pure fuel in
so-called neat (fuel grade) form.

Neat use of methanol differs substantially frem the use of blends
as a gasoline substitute., Significant engine modifications are recquired
to take advantage of methanol's high-octane value and superior conver-
sion efficiency while at the same time over caming methanol's disadvan~
tages of hard starting and vapor lock. Hewever, neat methanol is
already in use as a fuel for race cars, and neat methanol is being
actively tested as a fuel for fleet vehicles. Thus, the technological
preblems of burning neat methanol in autcmobile engines has been solwved
alreadv, no new technology is needed.

Since use of neat methanol requirves significant modifications in
engines and carburetors and because neat nethanol fuel is not widely
available, the use of neat methanol will be restricted to dedicated
Sleests, Flest use also simplifies the distribution and handling of
methanpl fuel and insures a supply of neat fuel.

Two recent apalysis of the market potential for neat methanol fuel
were very cptimistic. Bentz, et al. (1980, pp. 118-124) and Collierdes
Manacement Corp. (1980, pp. 93-95) concur that neat methancl will be

used extensively in fleet cperations hetween 1990 and 2000 because of
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its cost effectiveness. Each study indicates that the market will e
limited by the availability of methanocl fuel, Table 5 displays fore-
casts for neat methanol Ircm Bentz, et al. (1980) and Collieries

Management Corp. (1980}).

Taple 5.—Potential market for the use of neat methanol
(millions of barrels of methanol per vear)

. 1985 1990 1995 2000

Frost and Sullivan' —  25.0 340,0 600,0

Badger~ — — 46.8-58.5 104.2-130.2
Natio:}al Transportation

Policy Study Commission 67.8 123.6 160.3 188.8

Collieries® — 28.8 345.2 §07.0

Sources: lBentz, et al. (1980, pp. 119).

ZCollieries Mapagement Corp. (1980, pp. 94-95).

Two facts are noteworthy about the forecasts for neat methanol use
in Table 5. Pirst, the total neat methanol market appears to be quite
large—far greater than the market £for methanol-casoline blends.
Second, the Iforecasts are constrained by limits on the supply of
methancl not the demand.

All of this, however, begs the cuestion of the price required to
insure that the market penetration forecasts for neat methanol shown in
Table 5 come to pass. A recent detailed case study involving a small
neat methanol fleet owned by Bank of America sheds light on this crucial
guestion., Bentz, et al. (1980, pp. 121-123) report on the success of

reat fusls in Bank of America's fleet test. Bank of America's program
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involves a tast fleet of 58 vehicles using beth blended fuels and neat

;rethanol. No significant problems with maintenance ox cperation has

beer, identified.
methanol, vehicles in Bank of PArerica's fleet.

Table 6 cempares the econcmics of gasoline and net

Table 6.—Summary of the eccnomics of neat methanecl
ve. gasoline in Bank of America's Ilest test

Data

Delivered cost of gasoline
Delivered cost of methanol
MPG gasoline vehicles
MPG methanol vehicles
Capital cost to retrofit gasoline-fired vehicle
to neat methanol
Average lifetime wvehicle miles
Differences in other operating or maintenance costs

$1.23/gallon
$0.88/gallen
16-18
13.7-14.0

$750.00
100,000
$0.00

Calculations

Tifetixe operating costs: Gasoline vehicles

Methanol vehicles

Capital cost of conversion
per (lifetime) miles
Fuel cost per mile

$0.00/mile
$0.072-$0.077/mile

Total cost per mile 50.072-$0.077/mile

$0.0075/mile
$0,063-50.068/mile

$0.071-50.076/mile
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Table 7.—Methanol prices 1985-202C
{dollars per gallon)

1585 1290 1995 2000 2005 2010 2015 2020
Gasolinel 2.00 3.00 4,98 8.20 13.51 20,14 36,66 54.66
Methanol
Base case®  1.00 1.50 2.48 4.10 6.75 8.85 33.29 17.41
iow case’ 0.0 1.17 1.56 2.18 3.05 4.28 6,01  7.88
figh case® 1,10 1.65 2.74 d.51 7.43  9.92 1531 20.45
Sources: J‘E:ue:c-:_qy Infcmation Agency, U.S. Department of Energy (1982),

adusted by inflatien rate for gasoline frcm Chase Econmetrics
long-term forecast of Octcber, 1981,

2Fra1\ 1882 to 2000~—50 percent of gasoline; fram 2000-2020—8
percent-per-yeaxr increasa.

3prom 1982 to 1985—45 pexcent of gasoline price; fram 1985 to
2000--45 percent of gasoline prices - $0.05 to $0.10 per vear.

4

2020—8S percent~per-year increase.

Fram 1982 to 2000--55 percent of gasoline price; frcm 200C to



16

Although methancl has a lewer BIU value per gallen than gasoline,
its lower price and greater efficiency give it an operating cost advan-—
tage over gasoline as a motor fuel. Fuel costs per mile ranged frem
50.072 to $0.077 for gasoline vehicles campared to $0.063 to $0.068 for
methanol powered vehicles. Against this saving are charges for engine '
and carbureter conversions costing $750 per vehicle, Assuming an
average vehicle life of 100,000 miles, this translates into an extra
charge of $0.0075 ver mile for the methanol vehicles, The total operat-
ing costs for the methanol vehicle were essentially identical to that
for the gasoline vehicle at then current fuel costs. This suggests that
methanol is coopetitive with gasoline for use in fleets when its price
is no higher than 71.5 percent of the price of gasoline.

This lengthy snalysis indicates that between 1990 and 2000 the
demand for methanol fuel will grow rapidly. In particular methancol will
be a very attractive fuel for fleet use, and methanol will also ke
corpetitive as a blending agent directly or indirectly through the
additive MIBE. However, all of this analysis was macrceconcmic or
general in nature. No specific methanol buyers were identified. Since
there will not be much, if any, methanol fuel supplied prior to 1890,
the identification of custcamers is difficult, if not irpossible.

Bven so, we thought it would be helpful to contact the major oil
campanies to gauge their potential interest in methanol as a blending
agent or as neat fuel. To this end we contacted most of the major
demestic oil campanies through their fuel supply or planning divisions,
In general terms, this extensive set of phone interviews confixmed our
macre analysis of the methanol fuel market ¢ scribed above. Most fimms
expressed some interest in purchasing methanol if it were: (1) of high
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quality and {2) priced competitively with wholesale gasoline prices when
delivered to their refinery's gate. However, most firms found it
difficult +o be more definitive akout such long range planmmirg for a new
Zuel camoonent such as methanol.

However, two firms expressed strcng interest in methanol and each
expected to use over 100 mililon gallons-per-year after 1990.

The conclusions we can draw fram this discussien are as follows:

(1) Methanol can penetraie the autcmobile fuel market as a blend-

ing agent when it is priced at or below wholesale gascline
prices, or equivalently when methanol is priced at or below 76
percent of the price or retail gasoline.

(2) Methanol is coampetitive with gasoline in fleet applications

when it is priced at or below 71.5 percent of retail gascline.

(3) If methanol is appropriately priced, it can penetrate a huge

market on the order of 800 to 2,400 millicn gallons-per-year
by 2000 (see Table 5).

The price ratics shown above represent the highest price ratio at
wiich methenol can be competitive. Competition among methanol suppliers
by 1990 is likely to drive the price significantly lower. To
accarmedate this likelihood we developed the three methanol price
scenarios in Table 7. The future price of gasoline is the quiding
wmechanism, and we tock the DOE's latest estimates (1982). Since the
DCE's estimates were in 1980 dollars we adjusted for the effects of
inflation by utilizing Chase Zconometrics (1381) leng-term forecast for
inflation. The Chase Sorecast was used both because it is a good

professicnal forecast and it is the forecast used by the DCE itself. By
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this measure, gasoline prices will grow at a campound rate of 10 parcent
per year through 2020.

Mm price profiles for methanol were daeveloped. The basa case
assumes that between 1982 and 2000 methancl will be prices at 50 percent

of gasoline, Thereafter, methanol prices increase by 8 percent-per—
year, The low price altemative foresees methanol prices at 45 percent
of gasoline prices from 1982 to 1985. Between 1985 and 2000 methanol
supplies will increase substantially holding price rises belcw the 45
percent-of~gasoline price level. Aafter 2000 methanol prices rise 7

percent-per-year. The high price alternative envisions methanol priced
at 55 percent of gasoline until 2000, Thereafter methanol's price rises

8.5 percent per year.

2,1 Methanol supplies - 1985 and heyond

At the present time methancl is not used as a fuel. However,
methanol is an important chemical feedstock used in a variety of appli-
cations. Thus, methanol is produced primarily by chemical Firms, and
much of this production is for their cwn internal uses.

The demestic production capacity is 17,260 tons per day. Realis-~
tically, these plants can produce 15,000 to 15,500 tons per day (1.7
billion gallons-per-year). Since damestic consumpticen of methanol is
expected to be in the 13,000 to 14,000 tecn-per-day range and exparts of
wp to 1,000 tons are expected during the early 1980s, the market for
chemical grade methanol appears to be in balance (Collieries, 1980, pp.
20-34),

The typical methanol plant contains cne or two methanol synthesis
trains (at 1,000 to 1,500 tons-per-day). BMNatural gas is the predaminant
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feedstock., Capltal costs for the typical plant are con the order of
50.50 per annual gallon of capacity. Today a plant operating on natural
gas would cost about §1,40 par amnual gallon or capacity. To produce
methanol from feedstocks like oil, coal, or woed reguires a more elabo-
rate plant which costs more to build and operate (Collieries, 1980, pp.
20-34)} , .

In the near-tern methanol preduction will rise. First, the near-
term cutlook for demand is positive, and demand is forecast to rise by
nearly 10 percent-per~-year betwween 1980 and 1985 reaching scmewhere
between 5.4 and 6.3 million tons by 1985 with little or no demané for
methanol as a fuel (Chemical Week (1980), pp. 24; Chemical and Enginser-
ing News (1980), . 167 Encyclopedia of Chemical Technology (1981), po.
413) .

Second producers are planning some expansicns., Getty oil is
planning to cpen a 150 million gallon-per-year (1,350 tons-per—day)
facility in Delaware City, Delaware and a ccnsortium of firms plans a
200 million gallen-per—year (1,800 tons-per-day) facility in Louisiana
in 1983-1985 (Bentz, et al., pp. 106).

If these plants coma an line as planned annual procution capacity
potentially could rise to 6.7 millicn tons-per-year assuming: (1} none
of the existing plénts are retired and (2) a 90 percent cperating rate,
However, a mumber of the extisting plants are old ard small. Thus, if
same of the existing plants do close and the demand forecasts turm out
to be accurate, irgorts of methanol may have to rise. In any event, the
damestic methanel market will be tight (Collieries, 1980, sp. 28-30).

Thus, if methanol cdoes beccme an attractive autamtive fuel--which it is
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likely to be the case by 1930, there will have to be a rapld increase in
methanol preduction capacity.

3.0 Methancl fram Eucalvptus wood ching

1.1 Overview

The BEST concept for producing methanol from Eucalyptus invelves
three types of operations: (l)a tissue culture laboratory and mursery
to provide the over 50 million seedlings needed for the planting pro-
gram, (2) a 70,000 acre Eucalyptus energy plantation to produce the 1.3
millicn tens of wood per year required for the methanol production
facility, and (3) a 100 millicn gallon-pex-year (1,000 ton per day)
methanol production facility. The BESI project can be charactarized as
a vertically integrated methanol production program based on a renewable
feedstock, Encalyptus woeod.

The project is to be located in Central Florida {Southwestemn Polk
County) cn lands previcusly strip mined for phosphate. Central Florida
is an optimm site for a Bucalyptus~to-methanol facility for a number of
reasons. First Bucalyptus grew prolifically on the Central Flerida
climate and soils, and the trees thrive cn the sites of old phosphate
mines (more on this belew). Second, the Central Florida location offers
substantial opportunities for acquiring the 70,000 acres needed for the
Eucalyptus energy plantaticn, methanol production facility, and tissue
culture lab. Third, the Central Florida regicn possess substantial
water resources which can be used. Fourth, land in the area is rea-
sonably priced, PBResearch indicates that a site could be readily

assembled at around $750 per acre. Finally, since the region is also



tha locaticn of Florida's phosphate mining industry (which is now
laxgely scuth of the site for the Eucalyptus-to-metharol facility),
extensive infrastructure for moving materials is already in place.

Rail, truck, and barge twansportaticn is readily available.

3.2 Macrececoncnic assumotions

Assumticns abcut macroeccnomic trends (prices, interest races,
cutput, etc.) form the under pinning for all Zorecasts used in this
study., For example, projections for future prices and availability of
gascline in the U.S. depend upcon world oil prices and damestic economic
conditions. Forecasts of future energy prices are a crucial input for
this study, and we used forecasts develcped by the U.S. Department of
Energy extensively in Sections 2 and 3 of this study. The DOE in turn
based its energy forecasts on a long-run macroaconomic ferecast
developed by Chase Econometrics.

Table 8 summarizes the Chase forecast for 1980-1985 and extrapo-
lates the forecast to 2020, Although the Chase forecast contains
cyclical episodes, these are cbscured by the averaging process used in-
Table 8.

Cver the entire forecast period from 1980-1995 Chase projects
moderate economic growth at 2.7 percent-per-year measured by growth in
real GNP. The growth rate slows toward the end of the period, and when
it is extrapolated to 2020, the averace grcwth for 1995 to 2020 is 2.6
percent. The Chase forecast envisions particular strength in the
mamifacturing sector over the forecast horizon. Here growth accelerates
fran the 3.3 percent rate posted from 1970 to 1980 to a 4.3 percent

average in the 19780-1995 interval. Extrapolating out to 2020 the



22

series grcws at an average anmal rate of 4,2 percent. Throughout the
forecast period Chase expects the relative size of the govermment sector
to shrink while mamifacturing growth is spurred kv higher levels of
investiment.

Real per capita incame will post annual avarage’ gains of 2 percent-
per~year through 2020, While this represents a marked improvement
campared to 1979-1982, it 1s scwewhat below average compared to 1970-
1980, Inflaticn is projected to slow throughout the period. The pace
of general price inflation will decline from almost 7 percent in 1570-
1980 to 6 percent in 1995-2020. The deceleration of prices is even more
apparent in the series on prices for nonresidential investments., After
the rapid 7.7 percent average increase experienced during the 19705,
inflation in the price of investment geods shculd slow to an average of
3.5 percent between 1995 and 2020,

The first few years of the 1980s have witnessed unprecedented peaks
in interest rates. Lately rates have moved down from their peaks, but
they are still very high by historical standards. Chase forecasts that
rates will declire to the 10 percent range Ly 1988, However, this
implies an average AA bond rate of 12.5 percent and a prime rate 6:[:' 12.8
percent for the 19B0-1995 interval.

These forecasted values are important inputs to the financial
analyses presented below. In additien, by using the same naticnal
forecast as DOE used, the underlying assurnptions for cur analysis are
identical to those used by DOE in forecasting ensrgy prices,



Talble 8.—Gereral macroeconcmic assumptions for
selected econcmic variables

(growth rates per vear, percent unless otherwise stated)

1970-10801 1980-1995° 1995-2020°

Real gross national product 3.2 2.7 2.6
Real industrial production,

manufacturing 3.3 4.3 4.2
Real per capita disposable inccome 2.2 2.0 2.0
GNP price deflator 6.9 6.7 4.0
Price deflator for nonresidential

investmant 7.7 6.9 5.5
Populaticn 0.8 0.9 0.3
AA bond rate 8.9 12,5 10.0
Prime rate 8.7 12.8 10.0

Sources: lCitibase: Citibank econcmic database.

2(‘.'nase Foonametrics, Inc., Long~Term Macroeconcmic Forecasts
and Mnalvsis, Cctcber 6, 198l as reported in Energy
ommaticn Administration (1982), pp. xdii.

3‘Ehctrapolation.
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3.3 Tissve culture lab and nursexv

The tissue culture lab and nursery campler is described in Working
Docurent No. 2, Vegetative Propagacvion of Eucalypts., The lab and

nursery are designed to provide sufficient, high quality, EBucalyptus
seedlings for BESI's extensive planting program. Commercial application
of tissue culturing in vitro involves four distinct stages: (1) estab-
listment of select plant materials in a bacteria-free culture, (2)
muitiplication of plant materials, (3) rooting of the propagules, and
{4) acclimation of the proragules to nursery conditions. As part of
this research BESI has gsuccessfully tissue cultured Fucalypts from
select mother trees growing in Centxal Florida. This exercise not only
proves that Euealypts ¢an be successfully reproduced by tissue cultur-~
ing, but it alsn establishes a firm basis for costing out the process.
The bicmass production of a eucalypt energy plantation, envisicned
for this project, is dependent in part upon a cambination of environ-
mental factors, including soil structure and fertility, average sunlight
and temperature, precipitation gquantity and distribution, vegetative
cempetition, and pathogen impact; but the average genetic quality of the
trees is the single most influential Ffactor detevmining greeth poten-
tial. The genetic system of Eucalyptus is such that native seed popu-
laticons include a diversity of genetic types——and consequrently, 4 wice
range of envirormmental adaptability within the species. This diversity
is beneficial in providing families adzpted to a particular environ-
mental niche (e.g., chosphate mine spoils, native flatweoods soils,
high-salt soils), However, it is very difficuit to capture desirable
genotypes for seedling production. Evcalypts show pronounced “hybrid

vigor®; and, conversely, suffer tremendous "inbreeding depression” when
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seed results from self-pollination (Eldridge, 1278). Commercially
available seed is genetically heterogenecus. Planting stock produced
frem it will invariably vield "aces and spaces" (E. C. Pranklin, Pers.
Comm.). That is there will be came very good trees and soame that do not
survive.

This kind of performance is not acceptable for an energy planta-
tion. Instead what is nesded is 2 uniform stand of vigorously growing
trees, This alternative can be accamplished by selected a series of
genetically superior trees from a seedling plantation or natural stand,
these genotypes are vegetatively propagated, ZIield-tested and then
expanded to provide a uniformly high-yielding planting stock. This task
is facilitated by the location of two significant stands of Bacalyptus
Camaldulensis growing on restored phosphate mine lands in Central
Florida. BESI has selected the best of these trees for "mother trees”
in the clenal seedling program.

s part of the present study, we have examined the feasibility of
large—scale plantation establistment by varicus methods, and have
reached the following conclusions.

1. Seedling plantations are limited in potential yield due to
genetic variation among the planting stock and coften inade-
quate supplies of appropriate seed.

2. Veqetative propagation by rocotsd cuttings can provided good
genetic uniformity of select hybrid planting stock; however,
large-scale preduction requires esmb.‘lisme.nt‘ and maintenance
of extensive cutting crchards., The collection cf shoots and

preparation of cuttings, although successfully implemented in
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the Cohgo and Brazil, would not be economically feasible in
Florida for large-scale plantations.

3. Tissue culture propagation of select hybrid eucalypts offers
the only opportunity to produce the very laxge number of trees
required to establish the energy plantation. The cost of
tissue culture propagation, althcugh higher than seedling
production, is more than off-set by the increased productivity
of vegetative plantations established from select hybrid
Pucalyptus (Working Docurent No. 2, 1982, pp. 2).

Working Document No. 2, Vegetative Propagation of Eucalvpts,

daescribes the process of establishing select field material in cultur-
ing, maltiplying the cultures, rooting, and acclimating the seedlings to
the mursery. '

Table 9 outlines the methcd by which 7.5 million, select,
Eucalyptus, seedlings can be produced over the span of 10 nonths, Stage
I of the process invelves the establishment of select field material in
culture. Althougl'; this step is a vital prerequisite to Bucalypt produc-
tion via culturing, it has little affect on the timing or yield of
seedlings, Thus it is not included in Table 9. Stage IXA involves the
maltiplication of the plant material, and Stage IIB allows the matexial
to elongate and multiply further, At Stage IIT the culture material
develops roots, =nd Stage IV is acclimsting the seedlings to the

nursery.
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TABLE 9
PRODUCTION CF 7.5-MILLION Eucalvotus TREES PER YEAR

Culture

Stage Monthly Acf_i.vitiesl'z Months  Growing Space ‘ Px=.u:scmr:el4
II 468 jars 3
=10% Cct=Jul 0.4
(1 mo)
I 5570 jars + 570 jars 2 2
{1 mo) ~5% 18 m~ {195 ££™)
T 5292 jars
2.1
IIB 17,200 jars 1[
(0.5 mo) 17,200 jars

255 Nov-Bug 51 mé(550 £t2)
ims 32,682 jars

30.0
‘ﬂ/-.
III 9,800 tins ! 5 -
(0.5 m) 9,800 tins 291 m~({3100 ££7) 32,3
inncculators
=-10%
360 m>(3845 £t2)
culture rocm area
ITI 17,648 tins
\L Dec=Sep 13.6
v 882,418 plantlets greenhouse workers
(3mo)  -15% 1280 m’ (13,770 £t%)
l 1280 m® (13,770 £t9)
Nursery 750,055 trees 1280 m (13,770 £t%)
Mar-Dec 3840 m?(41,300 ££2%)
861 acres greenhouse area
Note 1: Production of 750,000 trees/month, ten months per year.
Note 2: Single arzows (—3 ), incubation steps, double arrows (== ) transfer steps.
Note 3: Negative % asscciated with incubation steps indicate allowances for losses.
Note 4: Personnel ficures include no supervisory or support staff.
Scurce: Working Document No. 2 (1982}, op. 48.
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Table 10 provides cost estimates for the tissue culture laboratory
and lab equipment developed in Working Document No. 2. In addition, the
table shews the major assumpticns which influence the estimated cost per
seedling.

As noted in Working Document No. 2 the most important variables in
determining the cost for tissue-culture propagated seedlings are: (1)
maltiplication rates, (2) failure rates, and (3) labor costs. Multipli-

caticn rates have a dramatic affect on total cost per =eedling because
the higher the multiplication rate the lower the cost-per-plant for most

lab cperaticns. The reverse is true for losses——more losses lead to
higher cost per finished seedling. Since labor costs account for owver
50 percent of total costs, the affect is chbvious on finished seedling
costs.

The tissue culture lab and nursery facility (to be rented) are to

garve the needs of BESI's planting program exclusively. ‘Thus, the
market for supevior Eucalyptus seedlings is assured. The seedlings are

priced to provide a 20 percent return after taxes.
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Table 10.—Data and assumptions for the tissue
culture lab and nurserv
(1982 dollars)

Tissue culture laboratory $320,000.00
Lahoratory equipment §150,000.00
Tissue culture multiplications rates:

Stage IT a multiplication 13

State II b elongaticon 10
Estimated losses:

Stage II a multiplicaticn 5%

Stage II b elongation 5%

Stage II rooting 10%

Stage IV nursery growth 15%
Labor costs §6 per hour
Price per finished seedling 50.30

Table ll.—Financial analysis—Bicmass Energy Svstem, Inc.
tissue culture lab and nursery

' Internal rate
Assumpticns—scenario of return
l, Base case: azssumtions as per Table 10,

Working Document No, 1, and Chase
Econametrics 20.4%

2. Increased losses and lower multiplication
rates: losses at each stage are increased
by 5 percentage points and rmltiplication
rates at Stage II are reduced by 10 percent 13,23

3. Improved procedures: eliminaticen of Stage IIT
. culture and autcmation of Stage II cultures 37.3%
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Table 11 contains a financial analysis foer the tissue culture-
nursery operation. Under the base case assumpticns outlined in Table 10
and in %Working Document No. 2, the internal rate of return for the
project is 20.4 percent after taxes, This rate of presumes a 30 cent-
per-seedling price and was calculated on a discounted, cash, fleow,
basis,

As noted in Working Document No. 2, the estimates for cost-per-
seedling are quite sensitive to variations in the maltiplication and the
failure rate. Scenario 2, "increased losses and lower multiplication
rates" attempts to capture the deownside risk., Here, the loss rates are
all increased by 5 percentage points and the Stage IT multiplication
ratas are reduced by 10 percent. Should this set of circumstances
transpire, the internal rate of return would £all to 13.2 percent.

There is also significant cpportunities for achieving lower costs
by autcmating sare Stage II processes and by eliminating the Stage III
culture step. The resulting eccneamics push the prospective internal
rate of return to 37.3 percent.

Bicmass Enerqgy Svstems, Inc. has operated a tissue culture lab for
over two years now. This practical experience is the foundation for the
cost estimates presented in Working Document No. 2 and used in this
analysis. In addition, our experience indicates that an axpanded tissue
culture lab can provide the 7.5 million seedlings needed to suppert the

planting program and be a profit center in its cwn right.

3.4 BEucalvptus eneray slantation

The Bucalyotus enercy plantation is the second major component of

BESI's Bucalyptus—to—rethanol project. Conceptually, this phase of the



3l

project takes as lts inputs select seedlings fram the tissue culture-
nursery phase, installs the seedlings, m=intains the Eucalyprus planta-

ticn, harvests the wood, and delivers it to the methanol refinery., Each

of these steps was cdescribe in Working Document ¥o. 1. The Florida

Eucalvotus Enerav Famm—Silvicultural Metheds and Considerations,

BESI has selected Eucalyptus Camaldulensis as the initial species
for energy plantation. Camaldulensis has a nuwber of desirable
proparties for this project. First, Camaldulensis exhibits wvigorcus
grewth in central Florida., BESI has studied two stands of Camaldulensis

grewing on restored phosphate mine lard in Central Florida-—conditicns
caaparable to those BESI preoposes to use.  These stands, which were
given very little care, show some exceptional growth. Secend, the
existing Camaldelensis provide a sovsce of select plant material for
tissve culturing and clonal production of seedlings. Thirxd,
Camaldulensis is known worldwide for its rapid growth, tolerance of
adverse conditiens, and moderate resistance to freeze damage. Fourth,
Cemaldulensis has not produced an abundant viable seed crep. This helps
to address the environmental concern about the escape of this "exotic.”
Fifth, the existing Camaldulensis stands have demonstrated a resistance
to insects, disease, and fire. Sixth, Camaidulensis achieves its best
form under dense stocking, and it does not require extensive management.
Finally, Camaldulensis cepices readily-——when cut in sprouts back Zfxrom

the stump eliminating the need for replanting (Working Document o, 1,
po. 14-15).

Plantation design will emphasize maximizing bicmass producticn.
Seedlings will be planted 5 feet spart in the row with rows spaced 10

feet apart. This design will allow for a stocking density of 871
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plants-per-acre. At this density Camaldulensis will exhibit good form,
and yet have suificient room for our short-rotation period of 7 years,
The plantaticn design calls for reasonably long rows to facilitate the
use of machinery, and clonal planting blocks of 160 acres each (Working
Docurent No. 1, 1982, pp. 92-96).

Silvicultural practices are designed to maximize rapid initial
growth, Research indicates that the first year is the most crucial in
terms of ultimate bicmass yield at harvest. Site preparaticn is the kev
to good blomass yields, Although site preparaticn may vary. samewhat
depending on local conditions, the following general prescription
applies: (1) heavy discing and chopping coupled with removal of debris
if necessary, (2} light discing, (3) soil testing, (4) raking to a
sweoth level surface if necessary, and (S) bedding in potentially wet
sites, Control of vegetative campetition is crucial, and herbicides may
be used if needed (Working Document No. 1, 1982, pp. 75-78).

Since soil moisture conditions and the lack of frost are crucial to
the successful establishment of Bucalypts, planting will not be done in
the cold and dry winter monmths. Planting will be done by machine from
Speedling Flanters (Weorking Document. No. 1, 1982, pp. 75-98).

Cnce establishment is insured, a Eucalyptus plantation needs
relatively little management. Control of vegetative competition,
hewever, is vital in.the early years of the plantatrion. Proper site
preparation should minimize weed campetition, and after a year or so the
Eucalypts will control the site. So, herbicides may be needed during
tne first year, and at harvest time. In addition, the plantation rmust
be monitored for fire, insects, and disease., However, Bucalypts are not

particularly prene to problems in these regards, and in fact have proven
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to ba very hardy and rest and disease free (working Document No. i,
1982, pp. 112-120).

Harvesting will be done using standard logging egquipment, Every
tree harvesting operation nust accomplish four tasks, felling, skidding,
varding, and hauling. Since the rotation peried will ba 7 yemrs, the
plantation grewn Eucalypts are projected to be between 6 and 8 inches in
diameter, 50 to 70 feet tall, and to weigh arcund 500 pounds (more an
this belcw). Thus, a standard motorized feller/buncher will be used.
Four-wheel drive rubber-tired skidders will move the logs to the end of
the rows and assemble them in piles, There the trees will be torcped,
delimbed, and loaded cn to trailers for delivery to the methanol plant.
The tops and limbs will be chipped in the field, and the chips will also
be brought to the plant {(Working Document No. 1, 1982, pp. 121-131).

BEST research (Working Document No. 1, 1582, pp. 133-137) indicates
that a 7 year rotation will produce prolific amounts of bicmass, 154
green tons per harvest are expected. This yield is equivalent to 11 dry
tons per acre per vear. This estimate was developed by first examining
existing stands of Camaldulensis grcwing cn reclaimed phesphate mine
land in central Florida. These stands received little care after
planting and select seed was not used. Overall survival rates ranged
from 45 percent on the poorest sites to 75 percent on the better sites.
Thus, the stands ares characterized by wide variation among individual
trees which is tc be expected. However, the stands also contain a
substantial number of superior trees. At 6.3 years the largest tree was
16.4 inches in diameter at breast height, and the tallest tree was 97
fest (Working Document No. 1, 1982, po. 66-73).
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Data Zrcm the existing stands of Camaldulensis were extrapolated
for our vield estimate of 154 green toms per harvest. We agssured that
the average tree would be batween 6 and 8 inches in diameter at 7 years,

a modest asmmption given the nurber of outstanding individual trees in
the stands, Further adjustments included: (1) increasing the planting
dansity to 871 per acre, (2) allowance for a more even stand at 6-8
inches in diameter, at breast height, at 7 years through the use of
risgue culture seedlings drawn frem superior "mother" trees, (3) im-
proved sita preparation and control of vegetative competition, and (4)
increased survival to 70 percent.

with this background we turn next to an analysis of the econcmics
of producing Eucalyptus feedstock to service the needs of the methanol
production facility. Engineering estimates bv Evergreen Energy
Corporation (Working Document No. 8, 1982, pp. 4) indicate that the
plant will require 1,990 dry tons of Eucalyptus feedstock per day.
Since the plant is designed to cperate 330 days per year and the
BEucalyptus is 50 percent water when cut, feedsteck requirements are
1,313,4000 tons per vear. If the yield at haxvest is 154 green tcns per
acre at each harvest every 7 years, 8,529 acres must be harvest each
vear., Allowing for roads, staging areas, and the like (at 15 percent)
this requires 9,808 acres for each yeaxs feedstock. Over a pericd of 7
years 68,655 acres in total are needed.

Table 12 lists all of the data and assunptions used in the economic
analysis. All of these are described in Working Document No. 1 except
the following:
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(2)

(3)

(4)

(5)

(6}
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rent and management fees are designed to provide adecuate
camensaticn for managing the plantation operation and for
paying local taxes (which are minimal on a per acre basis);
the market price for feedstock is designed to provide a 15
percent. retwrn after taxes—since the market and price are
assured by purchases fram the refinery, this return is ade-
quate;

the engineeriny report by Evergreen Energy Corporation,
Working Document No. 8, Weod-Fueled Gasificaticn Svstenm,

estimates that 1,390 dry tons of wood will be needed each day
of cperaticn (330 days per year), at 50 percent moisture this
means 330 x 1,990 x 2 = 1,313,400 gresn tons of wocd are
needed each yesar;

approximately 15 percent of the total land available for
grawing Eucalyptus must be devoted to roads, staging areas,
ets.;

the land cost on an acre basis was estimated in Working
Document No. 9, The Florida Eucalvptus Energy Farm and

Methanol Refinerv - the Economic Analysis, Section 4.1 above;

the nhet corporate tax rate is assumed to be 40 percent to
reflect the various write-oifs allowed for agricultural
cperaticns of this type; and

a mortgage is cbtained for the land with a 10 percent dewn
payment at 1 percent above the prime rate.

Based upon these assumptions Table 13 presents the financial analy-

In the base case the plantation provides a 14.7 percent retwm

after taxes. Mo revenues are genevated for the first seven years of
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cperation when land is acquired, trees are planted, and they grow. When
the first harvest comes in year 8, substantial net cash inflows comn-
mence. Expenses for land acguisition (10 percent down and a 30 year
mortgage) , planting and management total $92.5 million during the first
7 years of operation. It is assumed that all of these funds are equity
capital. To the extent that debt is used in developing the Eucalyptus
plantation, the internal rate of return will rise. However, to be

conservative we have assumed 100 percent equity financing except for the

land.
Table 12.—Data and assumpticns for the Fucalyptus
energy plantation
. {1982 dollars)
Cost per seedling $0.30
Rumber of seedlings per acre 871
Installation cost per acre $500.00
Fertilizing and herbicing per acre $60.00
Survival rate for seedlings 70%-303
Years to maturity 7
Harvest cost per tcn £10.00
Yield at maturity per acre every 7 years 154 green tons
Fixed cost for property taxes and management
per acre $20.G0

Market price of feedstock per green ton $20.00
Tons of wood recquired per year 1,313,400
Additicnal acreage reeded for roads, staging

areas, etc. 15% of total acreage
Macroeconomic assumpticns Chase Econometrics
Land cost per acre $750.00
Total net tax rate 40%
Mortgage rate prime plus 1%

Sources: Working Document No. 1, The Florida Eucalyotus Energy Farm
—Silvicultural Methods and Cons:.derauczns, and Cbase Econametrics
(1981), op. cit.
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Table 13.—Financial analysis--Biomass Energy Svstem, Inc.
Eucalyptus energy plantaticn

Internal rate

Assumptions~-scenario of retum
1. Base case: Chase Econametrics, othar

assumptions BESI 14.7%
2. ILow yield: 25 percent less vield to 115.5

green tons per acre per harvest 11.4%
3. High yield: 25 parcent more vield to 122.5

green tcns per acre per harvest 17.4%
4. Higher inflaticn: ore pexcent above Chase 15.8%
5. Higher harvest cost: §12/tcn in 1982 12.3%
6. Lower harvest cost: $8/ton in 1982 17.0%
7. Higher nortgage rate: prime plus 2 14, 4%

To investigate the sensitivity of the rate of return estimate we
examined an array of seven alterpative financial scenarios in Table 13,
BESI research suggests that Bucalyptus yields will be 154 green tons-
per-acre per harvest (every 7 years). However, yields may turn out to
be greater or smaller than this. Scenarios 2 and 3 explore these
possibilities. If yields come in 25 percent below expectations (at
113,5 green tons-per-acre per harvest), the after-tax intermal rate-of-
return falls to 11.4 percent. By contrast, if actual yields are 25
percent higher than expected, the after tax return jumps to 17.4 per-
cent.

Scenario 4 examines the impact of a higher than forecast level of
price inflation. The total affect of a 1 percent higher rate of in-
flation is to raise the rate-of-raturn to 15,8 pexcent. This occurs
because both costs and revenues are increased when inflation rises, and

the revenue affect dominates,
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Scenarics 5 and 6 explore the affects of harvest costs on profit-

ability. Harvesting custs are the largest single cost item for the
plantation. If harvesting costs are 20 percent above BESI's estimats of
S10 per ton, profitability falls to 12,3 percent. By contrast, if
harvesting costs came in at $8 per ton, profitability increases to 17.0
parcaent.

The final scenmario involves a higher mortgage rate, prime plus 2

percant. The impact on overall profitability is small, and the internal

rate-oi-return declines to l4.4 percent.

3.5 Methanol proiuction facility

To simplify greatly, we can characterize the preducticon of methanol
as a two step process: (1) production of synthesis gas and (2) methanol
synthesis. In step cne an appropriate feedstock is converted to synthe-
sis gas, a mixture of carkon monowide, carbon dioxide, water, and
hydrogen. In step two the synthesis gas is converted to methanol.

For most conventicnal methanol plants using natural gas as the
feedstock, we can characterize the chemical processes as follows:

{1) Natural cas (G—I4) is converted into synthesis gas in a steam

reforrer, Cd + H,0 + 0 + 3, or CH

2 2 2 2
{2) The gas is desulfurized, cooled, cleaned of unreacted steam

+2H20+3H

and impurities, and coanpressed.

(3} The ccol cenpressed svnthesis gas is oonverted to methanol
undexr pressure in presence of catalysts. The process is
characterized by the pressure at which it cperatss: High
pressure systams use zinc-chronium coxide catalystsand low

prassure systems use coprer,
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(4) The raw methanol is condensed, cleaned, and distilled (See

Collieries, 1980, pp. B5-87; Encvclopedia of Chemical Tech-

nology, 1981, Vol. 15; Paul, 1278, pp. 4«26, 107~238; or Davy

McKea, 1981, for more detailed discussion).
The methanol plant envisioned by BESI is essentially the same as
existing methanol plants, The cnly major difference involves the

substitution of wood as the feedstock for the more traditicnal natural
gag feedstocks,

Technical details about the methanol production facility are

contained in Working Document 7, Feasibility Studv Eucalvotus to 1000

STOD Methanol Plant in South Central Florida, by Davy McKee and Working

Docurent No. 8, The Wood-Fueled Gasification Svstem, by Evergresn mnexqgy

Corporation. These domuments describe the engineering and cperating
aspects of the methancl plant. In addition, the two engineering studies
provide capital and operating cost estimates for the methanol faeility.

The Davy McKes study provides a complete preliminary engineering
design for the entire methanol production facility from the receipt of
wood at the factory to the load ocut of finished methancl Davy deter-
mired the optimm size plant was 1,000 tons per day. The Davy design
incorporates commercially proven components for every phase of the
design. The major process risk involves the scale up of the Davy
fixed-bed up~draft cuygen-blown gasifier to utilize wood, Otherwise the
BESI facility is comparable in many ways to existing methanol plant
excest the fesdsteck is wood,
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While Pavy developed an excellent, preliminary, engineering, design
study, methanol produced using this design was judged to be uneconamical

for three reasons. First, overall thermal efficiency is very low, 33.3
percent. Sgcond, the design requires excessive amounts of process
water, 4 million gallons-per~day (MDG), and generated large quantities
cf aqueocus effluent, 1.5 MED. Third, the design requires too much wood
feedstock—over 6,000 tons per day (green). The main problem in the
Davy cdesign is the gasifier. The Davv gasifier cperates at atmospheric
pressure, at relatively low temperatures, uses steam to requlate +the
gasification process, and requires long residence time in the gasifier.
These characteristics are wasteful fram the perspective of thermal
efficiency, they require increased wocd feedstock and water, and they
produce excessive wastz water effluent.

To resolve scme of these difficulties Evergreen Enerqgy Corporation
examined the preliminary Bucalyptus-to-methanol design and redesigmed
the gasifier and associated facilities. Ewvargreen selected the Texaco
entrained-bed gasifier for the project. 'The Texaco gasifier operates at
high temperatures and pressures and is an oxygen blown process. Resi-
dence times are short, and virtually no tars or oil are produced. Using
this design thermal efficiency increases from 33.3 percent to 496.7
percent, required feedstock is reduced to 1,998 tons pex day {a 34
percent savings), make up water declines by 46 percent +o 2.2 MGD, and
waste water is reduced by one-half to 0.8 MGD. '

While the Evergreen design can produce methanol at a more campeti-
tive price, there are greater process risks involved. The increased
risk relates to the use of the Texaco gasifier which has never been
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tested on wood. Evexgreen plans such tests in 1983, hut until then this
does represent a major process risk.

Other aspects of the Evergreen and Davy designs are essentially the
same. For example, the total capital costs for either the Davv or
Evergreen design are virtually identical—-$250 million Davy compared to
$243.4 million for Evergreen's design. In addition, manpower requira-
ments are identieml). Thus, all things considered we shall adept the
Evergreen design.

Figure 2 provides a flow chart for the methanol plant which is
described belcw, and Table 14 contains the materials balance for the
plant.,
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Table ld.—Engineering dara ccmparison
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Entrained Bed
Pixed Bed Gasification
Gasification Texaco~
Davy McKea Evergreen
P.':oces‘s 7rocess
A, Raw Materials and Utilities In
1, Eucalyptus Wood (Crv basis
Feedstock . 1,995 STPD 1,990 §TPD
Fuel {wood) 1,052 STPD 0
2. Well Water Makeup 2,800 GPM 1,500 GPM
3. Electricial Power 21,500 Kw G,e00 W
4. Natural Gas 0 2.2 MMSCED
B, Products Qut
1, Fuel Grade Methanol 1,000 STDD 1,000 STPD
2. Treated Waste Water 1,060 GEM 550 GPM
3. Ash & Unconverted Carbon 14.8 STFD 48.0 STPD
C. Total Installed Cost of Plant
{million dollars 250.0 243.6
D. Catalysts and Chemicals
Cost per ton of methanol $5.66 $4.10
E. Manpower Reculrements 186 186
F. Themmal Efficiency 33.3% 49.7%

Source:

Everareen Energy Corporation.
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Table 15 contains the data and assumptions used to evaluate the
econcmics of the methanol production facility. Since Section 2
discussed the forecast for methanol prices, these are not examined

further here. General econcmic assumptions for inflation, interest
rates, and the like are drawn from Chase Econcmetric's forecast shown in
Table 6, The engineering cost estimate for the plant is taken from
Evergreen Energy Corporation's design (Working Document Mo, 8). A three
year buildout pericd is assumed to being in 1978. Cash expenditures are
timed at 20 percent, 60 paercent, and 20 percent over the construction
cycle, The initial cost estimate for the Evergreen designed plant is
escalated by the inflation rate for investments in plant and equipment
(frem Chase). During the construction cvcle, the unbuilt fraction of

the plant continues to escalate in price.



mable 15.~-Data and assumptions for the methancl preduction facility

Econcmic assumptions

Capital costs
Plant costs (1982 dollars)

Constrxuction timing ~ three year
building pericd commencing in

. 1987, Cash expenditures of 20
percent, 60 percent, and 20
percent for 1987, 1988, and
1989 respectively.

Start-up costs

Land

Financin

Equity investment

Working capital
Principal payments

Intevest payments

Operating costs
Feedstock

Catalyst and chemicals
Labox

Utilities

Shipping, handling and insurance

Property tax and administration
Maintenance

Chase Econcmetrics

$243,500,000

$10,000,000

500 acres at $5,000 per acre
{1982 dollars)

60 percent of installed plant
costs

2.8 percent of plant costs

20 year aA bonds 3 issues
floated in 1987, 1988, and 1989

AA bond rate at issue date

$20 per green ton as pf 1982
and 1.3 milion tons-per-year
required

$4.10 per ton output

Davy McKee estimates of man-
power priced accordingly by
BESI

Amounts from Evergreen at
market prices

Market rates, delivery to
Housten

2.25 percent of installed costs

S percent of installed cost
from Davy McKee
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Start up costs were assumed to ba $10 million, and start up is
scheduled for the f£ivst half of 1990. Full production begins in the
second half of 1990. ILand for the plant and its weod piles recuires 500
acres which cost 55,000 per acre in 1982, This cost escalates at the
general inflation rate unit 1987 when the land is purchased,

The plant is firanced with 60 percent equity capital and 40 percent
debt (bonds}., Any cperating deficits are made up by contributicns of
acditicnal equity. Working capital requirements axe 2.8 parcent of
plant costs. Bonds are AA corporate debentures requiring semi-annual
interest payments. Sinking funds are established to retire the bonds.
These sinking funds accrue interest at the prime bank rate. Operating
costs are deminated by feedstock expenses. Over 1.3 million tons of
feedstock are needed per vear., The 1982 price is $20 per ton, and this
increases with inflation. Evergresn Energy calculates that $4.10 in
catalysts and chemicals are used per ton of output. This price also
increases with inflation. Iabor recuirements were estimated by Davy
McKe2, These escalate with inflation and run $4.7 millien in 1982,
Evergreen estimates the cquantities of electricity and natural gas nesded
for the plant. In 1982 these would cost $5.6 million, and they escalate
as follows: (1) electricity at the general inflation rate and (2)
natural gas at an accelerated pace taken from Chase's forecast.

Shipping and handling charges are calculated from the plant site in
Soutiwestern Polk County by truck to Tampa (1.1 cents per gallon} to
Houston by barge (0.3 cents per gallon). The rates ars current market
cuctes, so these prices increase with inflation. Insurance is assumed

to cost 1 percent of the installed value of the plant,
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Property taxes and administrative expenses are assumed to be 2,25
percent of tha installed plant cost., This is similar to the figqure used
in Celiieries Maracement Corp.'s report (1980), Finally, Davy McKee
calculated that the maintenance expenses for the plant would run at 5
percenct of plant's installed costs. All of these costs increase over
time with inflation,

Table 16 displays the results of the financial analysis for the
Eucalyptus-to-methanol facility., For the base case incorporating the
assumstions Zrem Table 15, the internal r=te of returm is 23,3 percent
on a2n after tax basis (discounted, cash, flow approach). A 23,3 percent
after tax retwrn is certainly attvactive. Totzl cash required until
start up is $257 millien,

Since the engineering ccst estimate for the plant has a confidence
bard of plus or minus 35 percent, scenarios 2 and 3 address these
alternatives. The high cost plant, 35 percent cost-over—un, is examined
in scehario 2. If all the cther assumptions listed in Table 15 hold,
the project still provides an after tax interal »ate-of-rztvern of 19.1
percent. If, on the other hand, the plant uw . timately costs 35 percent
less than is not estimated, the internal rate-of-return afer taxes
soars to 30.8 percent.

To explore the affect of financing cptions on plant profitability
we considered scenarios of 100 percent equity (No. 4) and 100 percent
debt {No. 5). Maintaining the base case assumtions of Table 15 we fird
that the after tax return falls to 20.2 percent if all financing is by
equity. Althcugh profitability for this eptien is reduced by 3 percent-
age points campared to the base case, the effects are modest because the

base case already used a significant porticn of equity capital (60
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percent of plant costs plus any cpsrating deficits)., By contrast, tha
100 percent debt case causes the after tax internal rate-of-return to
“urp to 36.4 percent,

Scenarios 6, 7, and 8 examine the censequences of the lower profile
for methanol prices drawn from Table 7, Under these circumstances the
interest rate-of-retwrn after taxes would be 9.8 percent for the base
case, 6.7 percent for the high cost plant, and 15.1 percent for the low
cost plant.

Finally, scenarios 9 to 11 explore the affects of the higher
profile for methanol prices. Here rxofits range fram 21.1 percent for
the high cost plant to 33.5 percent for the low cost plant.
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Teble lé.~—Financial analysis——Bicmass Energy Svstems, Inc.
100 MGY methancl facility

Interral rata
Assumptions—scenario of retum

Dase case
1. Base case: Evergreen Energy plant costs, Chase
inflation and interest rates, moderate methanol

prices, and 60 percent investment in plant 23.2%
2., High cost plant: Evergreen Energy plant costs
plus 35 percent 19.1%
3. Low cost plant: Evergreen Energv plant costs
less 35 pexcent 30.8%
4. Tull equity: 100 percent equity financing 20.2%
5. Full debt: 100 percent debt financing 36.4%
Low methanol orices -

b. Base case: Ivergreen Energy plant costs, Chase
inflation and interest rates, lew methanol prices,
and, 60 percent equity financing 9.8%

7. Hich ecost plant: Evergreen Energy plant costs
plus 35 percent 6.7%

B. Iow cost plant: Evergreen Energy plant costs
laess 35 percent 13.1%

High methanol. nrices
9. Base case: Evergreen Energy plant costs, Chase
inflation and interest rates, high methanol prices,
and 60 percent equity financing 25,93

10. High cost plant: Evergreen Energy plant costs
plus 35 percent 21.1%

11, ILow cost plank: Everqgreen Energy plant costs
less 35 percent 33.5%
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3.6 Can weod-to-mathanol coopete with coal-to-mathanol?

If our forecast for methanel prices in Table 7' is accurate, it
appears that the production of methanol from Eucalyptus in Cantral
Florida is viable both technically and econamically. However, this
optimistic assumption must be tempered with the kncwledge that weood-
hased rethancl will face a serious competitive challenge from coal-based
methancl.

In theory, most any carbonacecus substance can be used as a feed-
stock for methanol production. However, in practice cost and avail-
ability limit the relevant alternative feedstocks to ccal, wood, and
rmanicipal solid waste. Since each of these feedstocks could be used to
produce methanol, the econcmic question is which will be the most
cametitive? This is a crucial issuve since the feedstock which produces
the lowest cost methanol, will be the feedstock of choice.

A muber of recent studies have attempted to address this issue.
The general consensus conclusion is that coal is by far the least cost
feedstock for methanol production, Table 17 is a sampling of price
camparisons for methanol produced from coal, wood, and municipal solid
waste, Since mumnicipal solid waste is not campetitive as a feedstock,
it will not be discussed further.

The conclusicn that coal-methanol is inherently less expensive than
wood-methanol is supported by the theorstical process econcmics involved
in converting feedstock to methanol. The total cost of producing
methanol depends upen: (1} feedstock costs, (2) conversion efficien-
cies, and (3) plant costs. Cpal arpears *o be surericr to weod in each

of these aremas.
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Table 17.—Methanol producticon cost Torecasts—orivate producers

(1980 dollars)

Study Feedstock Gasifier S/gallen
Wan' biomass Battelle-Koppers-Totzek  $0.78-50.92
(lolliﬁ.\..':ies2 wood —— 50.98
coal Texaco 50.52
coal Xoppers-Tot:zek 50.66
municipal solid
waste — $1.53
Wham coal Targi §0.61
Bentz* coal — $0.56
Badqers coal Rumme L. /Ctto 50.24

Sources: lWan (1982), pp. 27.

collieries (1980}, pp. A9, Al9, A33, 13i.

Yham and Forester {1980), p. 10.

4

Bentz (1980), p. 95.

SBadger as reported in Paul (1970), pp. 130.



Methanol production can be viewed as a two step process: (1)
production of synthesis gas from the feedstock and (2) methanol synthe-
5i5. Step two is bhasically the same no matter what the feedstock is.
Thus, we are concerned mainly about step one when coal and wood are
comared as feedstocks. As a feedstock coal has the follewing advan~
tages over wood:

{1) ceoal is available at vervy concentrated locations—mines,

{2) very large amcunts of coal are available at the mine sites,

(3) coal contains more carbon and has a higher BTU value per pound

than wood, and

(4} it is more efficient to convert ceal to methanol.

Thus, comparad to wood ccal is easier and cheaper to handle, it offers a
greater output of methanol per ton of faedstock input, and it costs the
same or less on a BIU basis, In addition, because very large amounts of
coal are concentrated at cne location, very large plants can be designed
to axploit the economies of sale.,

Althecugh ccal has a mmber of inherent advantages over woed as a
metharol Eeedstock, it also has some inhgrent disadvantages., First,
camparsd to wood coal will have a greater impact on the envircrment.
Unlike wood coal contains significant amounts of sulfur and very small
amounts of heavy metals like arsenic and mercury. However, coal based
methanol »lants nust be very large to exploit their ecencomies of scale,
they will use huge amounts of coal and thereby generate large guantities
of effluents. Environmental pirotection costs will be high, they appear
to be undexrstated in the literature (mors on this bzlow). Furthermore,
very large ccal-methancl plants will reguire large amounts of freshwater
which may not be readily availzble.
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Second, estimatas of methanol costs from coal assure thermal
conversion efficiencies frem 50 to almost 60 percent. Hcmver, thermal
efficiencies at this level have not been proven commercially, In fact,
in the two plant designs developed for BEST pursuant to this research
thermal efficiencies were below 50 percent (for weod) and well below the
projected thermal efficiencies published in the literature. If the
thermal efficiency levels for wood are overstated in the literature, is
it not likely that the thermal conversion efficiency for coal is also
overstated? If so, then the cost of producing methanol from coal will
be higher than the current literature suggests.

Third, the coal-tc-methancl plants achieve low costs per gallon of
output in part hecause of their very large sizes. ‘These conceptual
plants are designed to producs between 6,500 and 7,300 tons of methanol
per day. Thus, they are at least 3 times larger than the largest plant’
operating today. Since methanol plants of this scale have never been
built, engineering scale up procblems are inevitable and have been
recognized (Paul, 1978, pp. 163). However, such problems do not appear
to be reflected in the capital cost estimates for these plants.

s ad@ition, massive coal-to-methancl plants pose large financial
risks because of their shezr size and cost. For this reason alone,
financing charges (including profit] may have to be higher than normal.

Finally, estimates of the cost for various plant camponents (such
as material handling, oxygen, methanol synthesis, etc.) appzar to be
significantly under estimated in the literature. This imparts a signif-
icant dewrward bias to the projected cost of producing methanol fram
coal. To evaluate the reascnableness of the cost estimates for a

cocal-to-methanol plant we can compare these coste o the cost estimates
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BESI received for a wood=-to-methanol system. Only those items which
exist in both the coal-fed and wood-fed plants can be compared, In
addition, adjustments must be made to account for inflation and for
different volumes of output. This is done in Table 18,

For example, the wocd-to-methanol plant rejuires an cxygen plant to
produce 1,000 tons-per-day of oxygen. It will cost $45 million or
545,000 per daily-ton of output. The two ¢oal plants require much
greater amounts of oxygen (6,000 and 7,300 tons-per day respectively),
but even after adjusting for inflation they are estimated to cost
' $29,000 and $23,840 per daily ton of output. While there are likely to
be same econamies of scale at larger output levels, the estimated costs
for the oxygen plants at the coal-to-methanol facilities seem to be much
too low, As Table 18 demonstrates, most every companent in the esti-
mated costs for the coal-toe-methanol plant g;iear o e too wdey-
estimated.

Reviewing each of the four concerns raised ahove——envircopmental,
conversion efficiency, scale, and capital cost éstinwtes——it BEpeArs
that whatever cost advantage a coal=to-methanol plant may ultimately
have over a weod-to-methanol plant it will be much smaller than reported
in the literature. Thus, despite the literature, there is no reason to
believe that a Eucalyptus—to-methancl plant located in Central Florida

can not conpete against coal-to-methancl plants.
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Table 18.—Camparative plant costs
(in 1982 dollars per daily ton of cutput)

Evergreen

estimate for Collieries Collieries

BESI's weod- estimate for estimite for

to-methanol, 1ignite-to2 coaJ.-t:v.:»3
Plant coponent plant mathanol methanol
Oxygen plant 45,000 29,000 23,840
Acidgas removal 25,700 2,060 2,230
dMethanol synthesis 25,700 14,470 13,870
Methanol storage 4,000 504 470
Wood gasification 65,500 14,420 21,700
Plant utilities 27,900 29,360 8,300
Feed preparation 43,600 5,880 4,635
Cther 5,000 5,126 21,135
Total 243,400 146,830 96,180

Scrrees: lEve.rg'reen Energy Systems (1982), pp. 18.

2Collieries Management Corp. (1980), pp. A-8.

31bid, pp. a-10.






4.0 Envircnmental conicerns

2ny project of the scale described in this report ralses environ-—
mental concerns. Some of these concerns related to gensral misgivings
about any type of development activity while other concerns are more
specifically related to the production of methanol froem Eucalvptus in
central Florida. To facilitate the analysis of envirommental matters
this discussion is divided into three parts: (1} plantation, (2)
methanol plant, and {3) use of methancl as an autcmotive fuel. The
environmental impacts of the tissue culture lab is essentially zero
except in so far as it allows us to rapidly develop the energy planta-
tion {Working Decument No. 5, 1982, pp. 9}.

4.1 FEucalyntus enexgy plantation

Working Document No. 5, Florida's Eucalyptus Fnergy Farm and

Mothanol Refinerv = Enviraonmental Impact Assessment, and Woxking Docu~

ment Mo, 6, The Florida Eucalyptus Energy Farm InterSace with Natwal

EcoSvstems address the environmental effects of the Bucalyptus energy
plantation. The discussion belcw summarizes the research results of
this work. The Eucalyptus enerqgy plantation is an intensively planted
Eucalyptus forest of 70,000 acres which is managed to maximize bicmass
yield. As such, the environmental impact of the plantation is similar
in same respects to a densely planted pine forest. However, the estab—
lishment of a forest where none existed tends to inmprove the overall
environment of the area, OFf course there are tradeoffs; and the initial
planting and subsequent harvesting are disrmuptive, but the overall
envirermental effeckts are clearly positive (Working Doowment No. 5,
1982, pp. 1).
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aAn intensive “wo vear analysis of a number of Eucalyptus plantings
in Florida demonstrated that no significant, detrimental, environmental,
cocnsequences are expected from the establistment of a 70,000 acre
Bucalyptus energy plantaticn. Proper silvicultural management tech-
niques are vital to insure cost-effective bicmass producticn, and this
insures a minimm use of high cost fertilizers, herbicides, or
pesticides, PFucalypts have no dawestic insect pests, require little or
no fertilizer, and may need herhicides only rarely. Thus, no adverse
effects on water, soils, air, or animals are expected {Working Docurent
No. 5, 1982, pp. 12-13),

Since we plan to use an intensive silviculture planting with a
shert seven year rotation, soil conditiens and possible nutrient losses
mist be evaluated. A Eucalvptus energy plantation dees well on these
scores. FPirst, a major ccncern in soil consexrvation is exosion. The
Fucalyptus plantavion will winimize this problem. Only at the initial
planting will there be potential for erosicn. Thereafter the trees and
their ground cover will minimize erosion. Sinece the trees coppice
{sprout back} from their stumps, the soil is protected even at harvest
time. Second, Eucalyptus builds topsoil becanse of its high detrital
output., In addition, since Eucalyptus allow substantial light to reach
the forest floor, the litter undergoes oxidation (Working Document No.
5, 1982, pp. 13-16).

Thixd, nutrient loss is not generally a problem with forest crops.
However, intensive silviculture will increase the nutrient absorption.
Research indicates that phosphate is the primary mutrient taken up bv
Eucalyptus, Since we plan to utilize reclaimed phosphate mine lands as
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the primary site for this project, high phosphate requirements will not
pose a problem (Working Document No. 5, 1982, pp. 16-20).

A final environmental concern about Eucalyptus energy plantatien is
the selection of Fucalyptus itself. It is argued that: (1) Eucalyptus
ls an exotic species which may rapidly spread producing a "Eucalyptus
gpidemic," (2) a Eucalyptus energy plantation will be devoid of wild-
life, and (3) Fucalyptus leaves will poison the soii. First, the fear
of "green cancer” is a legitimate cne in Florida which has experienced
nauxtious irvasions of ewotics like Hydrilla, Mellaluca, Brazilian
Pepper, and Austialian Pine. dowever, Eucalyptus has been growing in
Florida since the 1870s, and it has never proliferated. Indeed, few
"wildings" could be located after an extensive seaxch, and those that
wexe found were located clqse to their source. Finally, BESI's species
of choice, Camaldulensis does not produce viable seed in Florida. The
sead pods are attacked by a naturally occurring fungus. Thxough BESI's
plan for clonal propagation, the perpetuvation of this useful natural
trait is insured. Thus, the Eucalyptus energy plantation will not be a
source of an epidemic of Eucalyptus (Working Document No. 6, 1982, po.
9-10),

Second, existing stands of Eucalyptus in Florida and throughout the
vorld exhibit high natural systems values. & wide array of animal life
can and dees coexist with Eucalyptus (Working Document No. 6, 1982, pp.
1 and Appendices I and II).

Finally, scme claim that Eucalyptus poisons the soil, This mis-
taken notion comes from the allelgpathic properties of Eucalyptus
leaves. EBucalypts do repress the growth of competing vegetation by
chemical means, This process is effective but short lived. A constant
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supply of new leaf matarizl is neecded to make allelopathic control
effectiva. Extensive field studies in Florida demenstrate that this is
not a concern (Working Decument No. 6, 1982, pp. 6-9).

One last concexn about the energy piantation relates to harvesting.
As described abcve BESI plans to use mechanized procedures for harvest~
ing (feller-bunchers for stem wood and chippers for the crowns). Just
as in any forestry operation, theve will be disruption, but it will only
occur for short periods, Of greatexr concern will be the impact on
transportation facilities (yocads). These are unavoidable and will be
dealt with as necessary (Woxking Documant No. 5, 1982, pp. 40-42).

4,2 Methanol preduction fievility

The methanol production facility consists of a large wood vard,
heavy industrial processing equirment to make msthanol from Eucalyptus,
and storage of finished methanol A wood vard is a wood yard—noisy and
busy. The wood yard for the methanocl plant will be quite similar to
that of a paper mill. No peculiar impacts are anticipated for BESI's
wood yard.

As for the methanol plant, it is designed for and required to meet
all applicable federal, state, and local standaxds, In addition, wood
is inherently an envirommentally clean feedstock having almest no sulfur
or other toxic trace elements. Wood looks particularly good compared to
its fossil fuel alternatives,

Furthermore, envircomental quality and econcmical operation of the
methanol producticn facility go hand in hand. The more efficient the
plant, the lower will its effluents be (Werking Document No. 5, 1982,
po. 46).
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Tha plant will produce three effluent Streams. first, hydrogen
sulfide and carben dicwide gases will ke generated, Hydrogen sulfide
gas in very small quantities will be treated bv scrubbing to meet all
applicable standards. Substantial quantities of carbon dioxide will
also be produced. Sare of this will be absorbed in the green house
facility, but the remainder will be vented to the atmosphere. Second,
the plant will alsco produce ash, This will be redistributed to the
plantaticn as a soil amendment, Finally, a substantial flow of waste

water will be treated to meet all applicable standards.

4,3 Use of methanol as a fuel

It is useful to sgparate the discussion of utilization issues into
two parts: neat methanol and blends of methanol and gasoline, Since
thesa two applications pose somewhat different problems, each is dis-
cussed individually.

The use of neat methanol as an auto fuel poses three kinds of
utilization problems: (1) material camwpatibility, (2) wvehicle perfor-
mance, and (3) safety. Methanol is a strong solvent, and it acts on
cammenly used autcmotive materials such as plastics, polyester laminated
fiberglass, epoxies, taflon and ccrk, In additicn, methanol corrodes
zine, steel, aluminum, magnesium, low~tin solders and terre metal (used
in the linings of fusl tanks). However, these prcblems can be r=adily
avoided by switching materials both in the vehicles themselves and in
the methanol delivery system, However, the cost of changing the
materials at risk would be minor.

The seccend utilizatien concern relates to vehicle performance.
When the temperature is below 50°, methanol will not vaporize
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sufficiently to allow the engine to start. Thus, either additives nust
be used or a cold-start dovice provided. In addition, the carburetor
mist be adjusted to optimize the air/fuel mixture. Three other modi-
fications will enhance performance: (1) an increased compression ratio
enhances the thermal efficiency of the engine hoosting performance and
mileage, (2) a larger fuel tank will compensate for methanol's low
voluretric heat content, and (3) modifications to the intake and exhaust
manifolds to provide for preheating the fuel which inproves fuel/air
distribution.

The third concern is safety. Safety has two aspects to it—
environmental safety and ccnsumer safety. The environmental concemms
pertain to exhaust emissions. Here methanol fuel performs as well or
better than gasoline. Using current engine configures with the neces-
sary carburetor adjustments, exhaust emissions frem methanol ave similar
to those from gasoline for €O and unburned fuel. However, NO, emissicns
are only half of those for gasoline. Aldehyde emissicns are much higher
for methanol than for gasoline, but these are currently unrequlated.

When engines are modified to optimize their use of methanol,
significant reducticns in emissions are reported. Boosting the com-
pression ratio of the engine and heating the intake-fuel reduces
aldehyde emissions to the level of gasoline while also further reducing
emissions of CO and unkurned fuel.

Consumer safety relates to the toxicity and fire hazard posed by
methanol. Although methanol is toxic, it is significantly less toxic
than gascline. The fire hazard posed by methanol is different in nature
but the same degree as for gasoline., Although methanol has a higher
flash point temperature than gasoline, thus reducing the risk from spill
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or leak induced fires, methancl presenus a greater risk of explosicn
because of its wider flamability limits.

The us@ o methanol as an octane-enhancing blerding agent with
gasoline poses a somewhat different set of utilization concerns inclucd-
ing: material cempatibility, vehicle performance, safety, and phase
sgparation, When used as a blerding agent zt concentrations of less
than 10 parcent, methanol poses few prchlems of material compatibility.

In terms of vehicle performance, few of the medifications required
for neat methanol use are needed for blends ¢f 10 percent or less.
However, cold start-up can still be a problem, In addition, the use eof
methanol hlends creates a new problem—vapor lock. Since methanol
raises tha vapor pressure of gasoline,; fuel demands, especially on hot
days, can not be meet readily. This can be corrected by more careful
blending and by adjusting the carburetor setting for the air-to-fuel
ratio.

The cquesticn of safety has already been addressed above. With
blends the same arguments apply except that the positive effects of
methancl axe reduced by the lower level of use in a blend as ccmpared to
a neat fusl,

Tha fmal issue is phase separation. This is the most sericus
cbstacle to using methanoel in blends, Although methanol is slight;ly
misczble in gasoline, it is highly miscable in water. If =small quan-
tities of water come in contact with the blend (0.1 to 0.5 percent), the
water is apsorbed by the methanol and in effect the water extracts the
methanol f£rom the blend., This is called phase separation. Since water
is constantly present throughcut the fusl distribution system, this
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poses a real preblem, In additien, mathanel ls hygoscopic and absorbs
water frcm the air.

If phase separation does occur, it leads to poor vehicle perfor-
mance. Corrosion and other materials praoblems are promoted. 2Additives
can help ameliorate this prcblem, but they are enmpensive. Increasing

the arcmatic content of the gasoline is helpful because methanol is more
soluzble in those blends. The best way to avoid phase separation is to

avoid water.

The final hurdle which methangl fuel must jumd is exdsting govern-
mental regqulations. Methanol fuels will have to meet requirements
concerning movement, distribution and epd-use in a timely cost effective
manner. The National Transportation Policy Study Commission conducted
two detailed analyses of the regqulatory concerns related to the supply,
transportation, safety, and environmental impacts of methanol fuels.

In reviewing these studies Bentz, et al. (1580, pp. 223-226)
identified only two areas of potential concern for methanol demand: {1)
emissions standards and (2) fuel economy standards, As to the first,
methanol will result in lower emissions than gasoline, so there are no
apparent problems. However, the EP3 must still approve all blends of
methanol. Of particular concern is the increase in evaporative
emissions which can occur in methanol blends. Waivers and improved
blends can meet these concerns.

The second issue relates to fuel econamy. Federal fuel econamy
standards are based on gasoline, These standards are not strictly
applicable to methanol, so sawe new rule making weuld be needed.
However, procedural stress are alrveady in place and no particular
prehlem is likely to develop.
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Working Document No. 5 (1982) pp. 68~83 examines these issues in
greater depth. Briefly, hewever, it is fair to say that the Bucalyptus-
to-mathanol fuel cycle is a relatively henign pathway for production of

liquid automotive fuel ccnpared to fossil fuels. In addition, the
wood~to-methanol route is a reneweble energy path,

5.0 Conclusions

The cutloock for gasoline prices thrcugh 2000 iz for vricee rising
at almost 10 percent-per-year. Damestic conser.ation will continue
along is current trend., These twin forces will push gasoline consume-
tion down from 7.7 million barrels per day in 1980 to 4,6 million
barrels per day by 2000, Thase trends of rising prices and falling
demands are expected to© continue through 2020 (U.5. Department of
Energy, 1982).

Unlike other energy using sectors of the econany, the transporta~
tion sector must continue to use liquid fuels. 'Iﬁus, even with conser~
vation, over 4 millicn barrels per day of gasoline or its equivalent
will be consumed through 2020, These trends of rising prices and
extensive ' demands create an enviromment in which methanol can be
campetitive,

Qut research indicates that i1Z methanol 1s priced at or below 70
percent of the price of gasoline it can penetrate the market, Cometi-
tive pressures are likely to keep methanol prices arcund cne-half those
for gasoline, At these price levels we expect significant use of
rethanol in motor vehicles. Threugh 2000 it will be primarily the fleed
fuel market although some gasoline blending will occar also, as
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methanol supplies increase, wider distyribution of neat methancl will
occur.

Can methanol produced from wood compete with methanol produced frem
coal? The extlsting literature suggests that wood can not compete with
ccal as a methanol feedstock. Coal is a more compact form of energy, it
is concentrated in more specific locations {mines), and it is priced
very competltively. Conceptual coal~to-methanol plants are estimated to
produce methanol at arcund 50 to €0 cents per gallon. HNowever, these
estimates appear to be axtremely coptimistic. Capital costs are under-
estimated and process risks ignored., It is most unlikely the methanol
frem a coal plant will be so inexpensive. More realistically, methanol
from wood can compete if the wood base plant is well designed and well
located.

To produce methanol £rom Eucalyptus requires three conceptual
steps:

{1} the tissue culturing and nursery growth of 7.5 million

Bucalyptus seedlings per year td support the planting program;

(2) a Eucalyptus energy plantation on 702,000 acres to provide

feedstock to the methanol refinery; and

(3 a 1,000 ton-per~day BEucalyptus-to-methanol  production

facility. |
This integrated apprcach to methanol production fram a zrenewable
resource base reduces coverall risk and insures that the optimal mixture
of trees, land, harvesting, seedlings, and methanol production will be
developed.
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Total cash cost for the project is $350 million distxibuted gver 7
vears until the methanol plant comes on stream. No further cash is
resded at that point. Cash expenditures can be broken out as Jolilcws:

(1) tissue culture lab and nursery § 500,000

(2) Eucalyptus energy plantation 92,500,000
(3) methanol production facility 257,000,000
total $250,000,000

The project is projected to be cuite profitable. C(n an after tax
kasis the interrnal rate-of-retwm figures {on a discounted, cash, flcw
basis) are as follows:

(1) tissue culture lab and nursery 25%

(2) Eucalyptus energy plantation ' 15%
(3) methanol production facility 23%
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