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Pursuant to  DOE grant number: DE-FW7-8ORA-50316, "Wthanol f ran 

Eucalyptus Weed Chips," B i m s s  Energy Systems, Inc. (BESI) has con- 

ducted a detailed feas ib i l i ty  study of production methanol fram 

bcalyptus  in Central Florida. The feas ib i l i ty  study, which is 

sumnarized i n  this dcmmnt,  includes nine other dmuments: 

Ixxxrmlt 
number T i t l e  

Final Report 

The Florida Eucalyptus Energy Farm - Silvicul tural  
e t h c d s  and Considerations 

Vegetative Propagation of Eucalypts 

Florida's Eucalyptus Energy Farm and Methanol Refinery - 
The Background E n v i r o m t  

H e a l t h  and Safety Aspects of the Florida Eucalypt Biomass 
t o  Methanol system 

Florida' s Eucalyptus Energy Farm and e t h a n o l  Refinery - 
E h v i r o m t a l  Inpact Asses-t 

The Florida Eucalyptus Ehergy Farm Interface w i t h  Natural 
Ecosystems 

Feasibil i ty Study Eucalyptus to  1000 STPD e t h a n o l  Plan 
in South Central Florida - Davy WKee Corp.'s Final 
Engineering R e p 1 2  

The Wood-fueled Gasification System - Evergreen Energy 
Corp . ' s Final &gineering Report 

The Florida Eucalyptus Energy Farm and Methanol Refinery 
- The Econcanic Analysis 

The Florida Eucalyptus Energy Farm and &than01 Refinery - Final Sumnary Reprt. 

This feas ib i l i ty  study is an a l l  enccanpassing, site specific 

analysis. A l l  of rnethanol production are examined-from seedling 



t o  delivery of finished ~ t h a n o l .  The study examines: (1) production 

of 55 million, high quality, Eucalyptus seedlings through tissue cul- 

ture; (2) establishmnt of a Eucalyptus energy plantation on approxi- 

mately 70,000 acres; (3) engineering for  a 100 million gallon-per-day 

mthanol production faci l i ty;  (4 )  potential e n v i r o m t a l  impacts of the 

whole project; (5) safety and health aspects of producing and using 

mthanol; and (6) developrent of s i t e  specific cost es t imtes .  

The project is designed to produce 100 million gallons per year of 

fuel grade methanol (1,000 tons per day). The mthanol w i l l  be marketed 

to  major o i l  refining firms for  use as  an octane enhancer and fuel 

extender o r  it w i l l  be sold to  bulk dealers for direct use as  fuel for  

f l e e t  u&. &than01 w i l l  be produced in central Florida from Eucalyptus 

. The technology for producing mthanol from wood i s  wlb knm and 

involves : (1) gasification of wmd, (2) clean-up and reforming of the 

resulting gas, and (3) catalytic conversion to mthanol. This process 

along with t m  preljminary engineering designs are examined in engineer- 

ing reports by Evergreen Energy Corporation (Working Ecammt No. 8) and 

Davy-WKee, Incorporated (Working Dwmsnt No. 7 )  . 
'Ib produce 1,000 tons of ~ t h a n o l  per day w i l l  require approximate- 

ly  4,000 tons of Eucalyptus per day (ween). This wood will k prcduced 

a large Llxalyptus energy plantation which is described in Workin9 

k c u m n t  1: The Florida Eucalyptus Ehergy Farm-Silvicultural !%thcd.s 

and Practices. Eucalyptus seedlings w i l l  be produced via tissce culture 

as  discussed in Wrking C o m t  2: Vegetative Propagation of 

Eucalypts. 



Figure 1 provides a s c h a t i c  of the mthanol from Eucalyptus 

project. 

Tissue culture laborato 
and nursery production of 
superior Eucalyptus 

to the refinery 

I 

1,000 ton per day mthanol ! 
i 

ref inery conversion of wood j 
to mthanol and sales ! 

i 
i 

Figure l.-+kthanol from Eucalyptus 

1.2 Market e n v i r o m t  

Forecasts that energy prices w i l l  rise mre rapidly than inflation 

over the next 20 years cam as no surprise. Table 1 presents recent 

projections by the U.S. D e p r t n ~ ~ ~ t  of Energy (1982). O i l  prices are 

projected t o  increase throughout the period. In 1980 dollars ( to 

abstract from general inflation) o i l  prices wil l  increase f r m  $34 per 

barrel to  $67 per barrel by 1995. Thus, o i l  prices ace forecast t o  rise 

faster  than inflation, posting a cmpund rea l  growth of 4.6 percent. 

Continued real increases i? world o i l  prices have set in notion 

m y  gradual but significant econcanic changes. The stock of energy 

using capital  in the econcany is being slowly converted or  replaced by 

mre energy efficient capital. In addition, fuel switching away frcan 

costly o i l  to less expensive alternative fuels l ike coal is taking 

place. These trends are expected to continue throughout the next 15 



years. Thus, under the pressure of steadily r is ing enti-gy prices the 

growth in U.S. o i l  conswrption is forecast to f a l l .  This is a stark 

contrast t o  the 1950s, 1960s, and 1970s. 

Gasoline prices w i l l  also rise significantly over the next 15 years 

posting a rea l  grcwth of 4 percent-per-year. In response, gasoline 

consumption is forecast to  f a l l  f r m  276.2 million gallons-per-day i n  

1980 t o  190.7 million gallons-per-day by 1995. Four factors account for 

this decrease. F i rs t ,  fuel efficiency is forecast t o  increase substan- 

t ia l ly .  The tleet average wclles-~er-gallu11 is  led k jump E r m  

14.2 in 1980 t o  26.8 by 1995. Second, the transportation sector is 

slated to  grcw m r e  s l m l y  over the next 15 years. Growth in  the numhsr 

of registered vehicles and miles traveled w i l l  slm significantly as 

fuel  costs rise. Third, higher gasoline prices w i l l  prompt greater use 

of d i e s e l - w e d  vehicles. Finally, rising gasoline prices w i l l  foster 

the devel-t of methanol fuels (U.S. &partmnt of Energy, 1981, pp. 

42, 94-95) . 
A s  a result ,  the t ranspr ta t ion  sector w i l l  absorb a declining 

share of the nation's total energy cormmption throughout the 1980-1995 

period. This reverses the trend begun in 1965 when transportation 

energy use began growing faster  than overall energy consumption. Even 

so, the transportation sector w i l l  s t i l l  consum the l ion ' s  share of 

U.S. petroleum. Its absorption of o i l  w i l l  increase frm 53 percent of 

the to ta l  in 1979 t o  56 percent by 1995. Thus, while other sectors can 

locate suitable substitutes for  o i l  based fuels, transportation can not. 

(U.S. Deparhmt of %ergy, 1982, pp. 39). 



The Departrent of Energy's forecasts for 2000 and 2020 do not 

display any sharp breaks with the trends expected for 1980-1995. In 

general, the adjustnwts to ever-mre-scarce and ever-mre-costly o i l  

which began in LFle mid-1970s w i l l  continue through 2020. Future 

dcmstic supplies of o i l  and gas w i l l  be higher than i f  a lower price 

were to prevail, but their  s q q l i e s  are forecast t o  dwindle a f t e r  2000. 

Higher prices for o i l  and gas w i l l  encourage the use of alternative 

fuels, particularly coal, and spur continued energy conservation (U. S. 

&partrent of Ehergy, 1982, pp. 103-104). 

One striking feature of the Departmnt's forecast is the rapid 

expansion in consumption of synthetic liquid fuels such as  mthanol The 

basic factors which p r m t e  the rapid developmnt of a synthetic liquid 

fuels industry include: continued dependence on liquid ,fuels for 

transportation, the absence of other e c o n ~ c a l l y  viable substitutes for  

t ransprtat ion,  the assumption of rapidly r is ing world o i l  prices, and 

the continued depletion of U.S. o i l  reserves. By 1990 the Depar tnwt  

forecasts methanol demand for fuel purposes w i l l  exceed 7 million tons 

and may rise to  nearly 15 million tons by 1995 (U.S. Departmnt of 

Energy, 1980, pp. 94 and 165). 

This study evaluates one pathway by which methanol fuel can be 

produced to service the a u t m t i v e  fuel market. W e  report on the 

feasibi l i ty  of producing mthanol from Eucalyptus xed chips in Central 

Florida. The project is a ~amprehenslve one, and it includes a l l  phases 

of production frcxn seedling to delivery of mthanol. Section 2 examines 

the future market for  mthanol fuel and projects future methanol prices. 

Section 3.  describes the steps involved in producing methanol frcxn 

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



n e a r l y  self-sufficient, f a c i l i t y .  A d e t a i l e d  f i n a n c i a l  f e a s i b i l i t y  

a n a l y s i s  is inc luaed .  Sec t i on  4 e v a l u a t e s  the p o t e n t i a l  env i ron r rw ta l  

bpdinmts to the p r o j e c t ,  and Sec t i on  5 p r e s e n t s  our conclusions .  

Tab le  1.--Selected U.S. energy p r i c e s  and demand, 1980-1995 
(in 1980 dollars) 

1980 1985 1990 1995 

Oil - -- - 
P r i c e  per b a r r e l  $34.00 $33.00 $49.00 $67.00 
Mi l l i ons  of w e l s  per day 17.0 16.6 15.7 15.0 - 

Gasoline 
P r i c e  per g a l l o n  $1.22 $1.37 $1.75 $2.20 
Mi l l i ons  of g a l l o n s  per day 276.2 NA NA 190.7 

NA Not available. 
source: U.S. D e p x t m n t  of Energy (19821, pp. x v i ,  xx, 42, 44. 

2.0 The mthanol market 1985 and beyond 

Fo r  rrethanol to develop as a f u e l  it w i l l  have to  campete success- 

f u l l y  against p t r o l e u m  based  f u e l s ,  e s p e c i a l l y  gaso l ine .  'Ib penetrate 

the f u e l  market,  m t h a n o l  w i l l  have to r e p r e s e n t  a real sav ings  to the 

c o n m  after a l l  r e l e v a n t  costs are considered i nc lud ing  d e l i v e r y ,  

convers ion and e f f i c i e n c y  in use. 

Since rrethanol is n o t  used as a fue l  in any s i g n i f i c a n t  q u a n t i t i e s  

a t  this tirre, an e s t a b l i s h e d  f u e l  mthanol m k e t  does  n o t  exist. Thus, 

t h e  p r i c e  for fuel mthanol is unknown. However, the price of chemical 

grade mthanol can be used as a pint of departure. At p r e sen t ,  posted 

p r i c e s  f o r  r~thanol on the Gulf Coast  is 71C per gallon (Alcohol Week, 

April 19, 1982, pp. 4 ) .  

Another p o i n t  of depa r tu r e  for p r i c i n g  mthanol as a fue l  is to 

ccsnpare its p r i c e  to gasoline. S ince  rrethanol con t a in s  roughly half t h e  



heating value of gasoline, one might wct the price of mthanol to be 

approxirmtely one-half that of gasoline. This is a t  best a rough lmer 

l i m i t  to mthanol's value or price as a fuel for M mjor reasons. 

F i r s t ,  mthanol has a higher octane rating than gasoline, and mthanol 

is particularly useful as an octane enhancer. Second, simple BTU 

ccarrparisons ignore operating efficiencies, conversion costs, and 

emissions. These factors can be crucial. For example, a gallon of fuel 

o i l  has a higher ElTU content than a gallon of gasoline, but gasoline 

cells for mre in the market. 

W i t h  this background, the best approach to establishing a forecast 

for mthanol is to  assess the price a t  which =than01 c& penetrate the 

auknot ie  fuel market. 

As Bentz, e t  al.  (1980, pp. 111) p i n t  out, the autcmbile - - 
t r anspr t a t i~n  market is canpsed of a n m h r  of distinct sub-markets 

including: dedicated fleets (gov-t , business, etc. ) , diesel 

m e d  vehicles, and gasoline pavered personal vehicles. The key 

markets for ~ t h a n o l  fuel are fleets and personal vehicles powered by 

gasoline. 

As noted above the potential penetration of ~ t h a n o l  depends upn 

(1) its price relative to gasoline, (2) assured supplies of mthanol, 

(3)  distribution, ( 4 )  the capacity for utilizing mthanol effectively, 

and (5) regulations. In this se t ion  we address only the f i r s t  of these 

questions. Section 3 describes how rrethanol w i l l  be produced f m  wocd 

and shipped to market. In addition, Section 3 also evaluates the 

competitive status of mthanol. Section 4 evamines e n v i r o m t a l  

concerns and governmnt regulation. 



Wthanol can be used in two ways as an autmt ive  fuel. First, 

methanol can be used as a fuel substitute. Neat or 100 percent (plus 

slight impurities) methanol pwered vehicles have existed for scm tim. 

Second, methanol can be used as a blending agent w i t h  gasoline. Each of 

these t m  routes to mthanol fuel use has quite different implications. 

For example, blends of up to 10 percent methanol can be used in today's 

autos raising the octane rating of the fuel and extending the supply of 

gasoline. By cmntrast, the use of neat mthanol requires sarne siqnifi- 

cant engine and carburetor mdifications, but offers the reward of 

greater econcany and improved per fomce.  Due to these differences in 

potential mthanol fuel use, different au tmt ive  market segnwts w i l l  

have different penetrations. 

There are n m o u s  studies of the market for lllethanol as a blending 

agent w i t h  gasoline. Table 2 displays a sampling of the forecasts frcan 

these studies. 

Although the forecasts appear to  differ significantly, they have 

the following coxman characteristics. First, extensive mthanol blend- 

ing is expcted to  occur after 1990 when supplies of methanol are 

assured. Second, subject to the concerns over distribution and 

utilization discussed belcw, rnethanol blends w i l l  not encounter any 

technological barriers. Finally, the three studies concur that Limits 

on 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 different projections of 

methanol supply levels and not due to different views b u t  methanol 

dertland. 



Eentz, et  d. (1980, p. 117) n o t e s  t h a t  an a d d i t i o n a l  important  -- 
demand f o r  methanol as. a b lend ing  agen t  was ignored  by a l l  three of 

t h e s e  s t ud i e s - i t s  u se  as an oc t ane  enhancer in the form o f  &ft"m (methyl 

t e r t a -bu ty l  e t h e r ) .  Ml'BE is  an important  c c t a n e  enhancing additive f o r  

unleaded gas.  MIBE is mixed w i t h  unleaded gasoline in concen t r a t i ons  of 

3 to 5 percen t .  S ince  m t h a n o l  is  a major i n g r e d i e n t  in MPEE (up to  50 

pe r cen t  by we igh t ) ,  a s i g n i f i c a n t  p r o ~ o r t i o n  of m t h a n o l  can  e n t e r  the 

gaso l i ne  market as MEE. 

Table  2.--Forecasts of t h e  p o t e n t i a l  market f o r  methanol 
f u e l  in autcxmbile gasoline b lends  

Market s tudy  1980 1985 1990 1995 2000 

T o t a l  U.S. p r o j e c t e d  
gasoline demand 
on an annual b a s i s  2,810.5 2,409.0 2,007.5 1,788.5 1,679.0 

kost and S u l l i v a n  
2 

Badger 2 - - 0.8-5.0 0.9-8.0 0.9-8.5 

C o l l i e r i e s  3 

Sources: 'u.s. Deparaent of Energy (1980). pp. 42. 

%tz, et  al. (19801, pp. 115. -- 



To penetrate this market mthanol w i l l  have to be competitive with 

wholesale gasoline prices a t  the mixing p i n t .  Our survey of major o i l  

companies (discussed below) conf- this and identified the mixing 

p i n t  as the refinery. O i l  ccarrpanies conceptualize the blending of 

mthanol as a refinery process for two main reasons. First, by mixing 

a t  the refinery the o i l  campany can tailor the resulting blend properly. 

Since gasoline is a mixture of hydrocarbons, the refinery run must be 

tailored to  msh with mthanol blending. Otherwise excessive evapra- 

tive emissims can result (this issue w i l l  be discussed a t  greater 

length in Section 4.) Second, by n~ixi~q a t  the refinery canpanies can 

make use of their existing distribution systems. 

In light of the conditions for mthanol to penetrate the gasoline 

market as a blending agent, it must be priced to be cmpt i t ive  with 

wholesale gasoline prices a t  the refinery gate. Table 3 contains the 

U.S. Deprkm=nt of Ehergy's latest forecast for gasoline prices. 

Unfort-tely these are retail prices and rivt wlwlesclle prices. Thus, 

we m s t  determine the relationships betwen wholesale and retai l  gaso- 

line prices f m  1980 to  1995. Fortunately Collieries Managmt Corp. 

(1980, p. 145) has analyzed the cost of transporting and distributing 

gasoline and mthanol. Their research indicates t h a t  the ratio of 

wholesale-to-retail gasoline prices w i l l  be betwen 0.763 and 0.796 f r m  

1980 to 2000. Table 4 presents a forecast for wholesale gasoline prices 

based on these figures. 



Table 3.--Oil and gasoline, 1980-1995 
(1980 dollars) 

Oil - 
Price per barrel 
Millions of barrels 
per day 

Gasoline 
Price per barrel 
Milliohs of gallons 
pep day 

Source: Energy Information Administration, U. S. Department of &ergy, 
1981 Annual R e p r t  to Congress, Vol. 3, February, 1982, pp. xvi, xx, 42, 
and 44. 

Table 4.--Forecasts of wholesale gasoline prices 
at the refinery gate 

(1980 dollars) 

Retail gasoline price per gallon 1 $1.22 $1.37 $1.75 $2.20 

Ratio of wholesale-to-retail price 2 0.757 0.763 0.769 0.776 

Wholesale price per gallon $0.92 $1.05 $1.35 $1.71 

Sources : l~able 2.4. 

2~llieries bhmcjai&lt Corporation, OF. Cit, p. 145. 



To be a viable blending agent mthanol w i l l  have t o  be priced a t  or 

below $1.05 per gallon in 1985 (using deflated 1980 dollars) and a t  o r  

b e l m  $1.71 in 1995. These prices w i l l  have to  include shipping and 

handling costs t o  a refinery where blendi;lg w i l l  take place according to  

the current thinking of the petroleum campanies. 

The potential use of methanol a s  a gasoline blending agent and 

octane enhancer is not the sole path by which methanol can penetrate the 

autcmtive fuel market. &than01 can also be used as  a pure fuel in  

so-called neat ( fuel grade ) f om. 

N e a t  use of mthanol d i f fers  substantially from the use of blends 

as  a gasoline substitute. Significant engine mdifications are required 

to  take advantage of methanol's high-cctane value and superior conver- 

sion efficiency while a t  the s m  tim over coming mthanol 's disadvan- 

tages of hard s tar t ing and vapor lock. Hawever, neat mthanol is 

already in use a s  a fuel for  race cars, and neat methanol is being 

aPively  tested a3 a fuel_ Far fleer vehicles. Thus, the tedmulugical 

problems of burning neat methanol in autorrabile engines has been solved 

already, no new technology is needed. 

Since use of neat methanol requires significant rrodifications in 

engines and carburetors and because neat methanol fuel is not widely 

available, the use of neat methanol w i l l  be restricted to  dedicated 

f leets .  Fleet use also simplifies the distribution and handling of 

mthanol fuel and insures a supply of neat fuel. 

T b  recent analysis of the market potential for  neat methanol fuel 

were very optimistic. M t z ,  e t  a l .  (1980, pp. 118-1241 and Collieries -- 
Managenwt Corp. (1980, pp. 93-95) concur tha t  neat methanol w i l l  be 

used extensively in  f l ee t  operations between 1990 and 2000 because of 



its cost ef fec t iveness .  Each study 'indicates that t h e  m r k e t  w i l l  je 

l imi t ed  by t h e  a v a i l a b i l i t y  of  methanol fue l .  Table 5 d i sp l ays  fore- 

casts f o r  n e a t  m t h a n o l  from Bentz, et al. (1980) and C o l l i e r i e s  - -  
~ g ~ t  Corp. (1980) . 

Table 5.--Potential m r k e t  f o r  t h e  use  of nea t  methanol 
(mi l l ions  of  b a r r e l s  o f  methanol per year )  

1985 1990 1995 2000 

F r o s t  and Sul l ivan  1 -- 25.0 340.0 600.0 

- -- pp 

National T r a n s p r t a t i o n  
Pol icy Study Comnission 67.8 123.6 160.3 188.8 

C o l l i e r i e s  2 - 28.8 345.2 607.0 

Sources: b e n t = ,  -- et  al. (1980, pp. 119).  

2Co l l i e r i e s  Manag-t Corp. (1980. pp. 94-95). 

'ha f a c t s  are no temr thy  about the fo recas t s  f o r  n e a t  methanol use 

in Table 5. F i r s t ,  t h e  total n e a t  methanol market appears to be quite 

large-far greater than the market f o r  mthanol-gasol ine blends. 

Second, the f o r e c a s t s  are constrained by limits on t h e  supply of 

~ ~ ~ t b a n o l  n o t  the dernand. 

A l l  o f  this, hawever, begs the quest ion o f  t h e  p r i c e  required to 

insure that t h e  market pene t ra t ion  f o r e c a s t s  f o r  n e a t  mthanol s h a m  in 

Table 5 ccme t o  pass. A r ecen t  d e t a i l e d  case study involving a small  

nea t  mthanol f l e e t  owned by Bank of  =ica sheds l i g h t  on this c r u c i a l  

quest ion.  Bentz, e t  al. (1980, pp. 121-123) reprt on t h e  success of  -- 
nea t  fuels in Bank o f  m i c a ' s  f l e e t  test. Bank o f  America's program 



involves a test fleet of 58 vehicles using both blended fuels and neat 

mthanol. No significant problems with maintenance or operation has 

been identified. Table 6 compares the econcmics of gasoline and net 

mthanol vehicles in Bank of m i c a  ' s fleet. 

Table 6.--Sumrrary of the econdcs of neat mthanol 
vs. gasoline in Bank of America's fleet test 

Delivered cost of gasoline $1.23/gallon 
Celivered cost of ~thanol $0.88/gallon 
MFG gasoline vehicles 16-18 
MFG mthanol vehicles 13.7-14.0 
Capital cost to retrofit gasoline-fired vehicle 
to neat mthanol $750.00 

Average life& vehicle miles 100,000 
Differences in other operating or maintenance costs $0.00 

Calculations 
Lifetine operating costs: Gasoline vehicles Mthanol vehicles 

- - 

Capital cost of conversion 
per (life*) miles $O.OO/mile SO. 0075/mile 

F'uel cost per mile $0.072-$0.077/mile $0.063-$0.068/mile 

Total cost per mile $0.072-$O.O77/mile $0.071-$O.O76/mile 



Table 7 . 4 t h a n o l  prices 1985-202C 
(dollars per gallon) 

1985' 1990 1995 2000 2005 2010 2015 2020 

Gasoline 1 2.00 3.00 4.98 8.20 13.51 20.14 36.66 54.66 

&than01 

Base case 1.00 1.50 2.49 4.10 6.75 8.85 13.29 17.41 

Low case 3 0.90 1.17 1.56 2.18 3.05 4.28 6.01 7.88 

High case 1.10 1.65 2.74 4.51 7.43 9.92 15.31 20.45 

Sources: 'Energy Infomation Agency, U.S. Departmnt of Energy (1982) ,  
adusted by inflation rate for gasoline from Chase Ecomtrics 
long-term forecast of October, 1981. 

%ram 1982 to  2000-50 percent of gasoline; fram 2000-2020-8 
percent-per-year increase. 

'~rom 1982 to  1985-45 percent of gasoline price; fran 1985 to  
2000-45 percent of gasoline prices - $0.05 to $0.10 per year. 

4FYm 1982 to  2000-55 percent of gasoline price; f r m  2000 to  
2020-85 percent-per-year increase. 



Although methanol has a lower BTU value per gallon than gasoline, 

its lmer price and greater efficiency give it an operating cost advan- 

tage over gasoline as a mtor  fuel. Fuel costs per mile ranged fram 

$0.072 to $0.077 for gasoline vehicles c a p r e d  to $0.063 to $0.068 for 

methanol w e d  vehicles. Against this saving are charges for engine 

and carburetor conversions costing $750 per vehicle. Assuming an 

average vehicle l i f e  of 100,000 miles, this translates into an extra 

charge of $0.0075 p.r mile for the methanol vehicles. The total operat- 

ing costs for the methanol vehicle were essentially identical to that 

for the gasoline vehicle a t  then current fuel costs. This suggests that 

methanol is  ccgnpetitive with gasoline for use in f leets  when its price 

is no higher than 71.5 percent of the price of gasoline. 

This lengthy analysis indicates that betwen 1990 and 2000 the 

demand for methanol fuel w i l l  yrm rapidly. In particular methanol w i l l  

be a very attractive fuel for f leet  use, and methanol w i l l  also be 

canpetitive as a blending agent directly or indirectly through the 

additive MIBE. However, a l l  of this analysis was mcroeconcffnic or 

general in  nature. No specific mthanol buyers were identified. Since 

there w i l l  not be much, i f  any, methanol fuel supplied prior to  1990, 

the identification of custmers is diff icult ,  i f  not impossible. 

Even so, we thought it muld be helpful to contact the major o i l  

cmpamies to gauge their potential interest i n  mthanol as a blending 

agent or  as neat fuel. To this end we contacted mst of the major 

dcmstic o i l  ccmpanies through their fuel supply o'r planning divisions. 

In general terms, this extensive se t  of phone interviews confirrtled our 

mcro analysis of the mthanol fuel market described W e .  Mst  firms 

expressed sare interest in mthanol i f  it were: (1) of high 



quality and (2) priced ccsnpetitively with wholesale gasoline prices when 

delivered to their refinery's gate. However, mst finns found it 

difficult to be mre definitive about such long range planning for a new 

fuel canpnent such as methanol. 

Hcwever, two firms expressed strong interest in mthanol and each 

evpected to use over 100 million gallons-per-year after 1990. 

The conclusions we can draw frm this discussion are as £011~: 

(1) Pkthanol can penetrate the autcmbile fuel market as a blend- 

ing agent when it is priced at or below wholesale gasoline 

prices, or equivalently when methanol is priced at or below 76 

percent of the price or retail gasoline. 

(2) &than01 is campetitive with gasoline in fleet applications 

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

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

market on the order of 800 to 2,400 million gallons-per-year 

by 2000 (see Table 5).  

The price ratios shown above represent the highest price ratio at 

w h i c h  methanol can be ccanpetitive. Canpetition m n g  methanol suppliers 

by 1990 is likely to drive the price significantly lcwer. ?b 

accomdate this likelihood we developed the three mthanol price 

scenarios in Table 7. The future price of gasoline is the guiding 

rt-echanism, and we took the DOE'S latest estimates (1982) . Since the 

DOE'S estimates =re in 1980 dollars we adjusted for the effects of 

inflation by utilizing Chase Econcm=trics (1981) long-term forecast for 

inflation. The Chase forecast was used both because it is a good 

professional forecast and it is the forecast used by the DOE itself. By 



this measure, gasoline prices w i l l  grow a t  a ccxnpund ra te  of 10  percent 

per year through 2020. 

Three price profiles for  methanol w e r e  developed. The base case 

a s m s  tha t  between 1982 and 2000 methanol w i l l  be prices a t  50 percent 

of gasoline. Thereafter, methanol prices increase by 8 percent-per- 

year. The low price alternative foresees methanol prices a t  45 percent 

of gasoline prices f r m  1982 t o  1985. Between 1985 and 2000 mthanol 

supplies w i l l  increase 4mbstantially holding price rises k lw  the 45 

p c e n t d f - g a s o l m e  price level. After 2000 methanol 'prices rise 7 

percent-per-year. The high price alternative envisions mthanol priced 

a t  55 percent of gasoline u n t i l  2000. Thereafter ~ t h a n o l ' s  price rises 

8.5 percent per year. 

2.1 Wthanol supplies - 1985 and beyond 

A t  the present i5.m methanol is  not used as  a fuel. H o w e w ,  

=than01 1s an important chemical feedstock used in a variety of appli- 

cations. Thus, rnethanol is produced primarily by chemical firms, and 

much of this production is for  their  am internal uses. 

The d m s t i c  production capacity is 17,260 tons per day. Realis- 

t ical ly,  these plants can produce 15,000 to 15,500 tons p r  day ( 1 .7 

bil l ion gallons-per-year). Since b s t i c  consumption of mthanol is 

expcted to  be in the 13,000 to 14,000 ton-per-day range and exports of 

up t o  1,000 tons are expected during the early 1980s, the market for 

chemical grade mthanol appears to be in balance (Collieries, 1980, pp. 

20-34) . 
The typical mthanol plant contains one or two methanol synthesis 

t rains ( a t  1,000 t o  1,500 tons-per-day). Natural gas is the predcminant 



feedstock. Capital costs for  the typical plant are on the order of 

$0.50 per annual gallon of capacity. Today a plant operating on natural 

gas would cost about $1.40 per annual gallon of capacity. To produce 

methanol from feedstocks l ike o i l ,  coal, or  wood requires a m r e  elabo- 

ra te  plant which costs more to build and operate (Collieries, 1980, pp. 

20-34) . 
In the near-term mthanol production w i l l  rise. Fi rs t ,  the near- 

t e r m  outlook for demand is positive, and demand is forecast t o  rise by 

nearly 10 percent-per-year betwen 1980 and 1985 reaching smwfiere 

between 5.4 and 6.3 million tons by 1985 with l i t t l e  or no demand for .  

mthanol a s  a fuel (Chemical Week (1980) , pp. 24; Chemical and Ehgineer- 

ing News (1980) , pp. 16; &cyclopedia of Chanical Technology (1981) , pp. 

413). 

Second producers are planning s m  expansions. Getty o i l  is 

planning to open a 150 million gallon-per-year (1,350 tons-per-day) 

fac i l i ty  in Delaware City, Delaware and a consortium of firms plans a 

200 million gallon-per-year (1,800 tons-per-day) fac i l i ty  in Louisiana 

in 1983-1985 ( ~ ~ ,  e t  dl., pp. 106) . -- 
If these plants cam on line as  planned annual procution capacity 

potentially could rise to  6.7 million tons-per-year asscrming: (1) none 

of the exis& plants are retired and (2) a 90 percent operating rate. 

However, a numkr of the existing plants are old and small. Thus, i f  

sc~ne of the existing plants do close and the demand forecasts turn out 

t o  be accurate, imports of mthanol may have to rise. li.l any event, the 

dcmestic mthanol m k e t  w i l l  be t ight  (Collieries, 1980, &pp. 28-30) . 
Thus, i f  rnethanol does b e c m  an attractive a u t m t i v e  f u e l e c h  it is 



l ikely t o  be i-he case by 1990, there w i l l  have t o  be a rapid increase in 

mthanol production capacity. 

3.0 Wthanol f ran Eucalyptus w c c d  chips 

3.1 Overview 

The BESI concept for producing mthanol frcan Eucalyptus involves 

three types of operations; (1) a Lissut! culture labratog and nursery 

u, provl.de the over 50 million seedlings needed for the planting pro- 

gram, ( 2 )  a 70, UUU acre Eucalyptus energy plantation to  produce the 1.3 

million tons of wocd per year requixed for  the mthanol production 

fac i l i ty ,  and (3) a 100 million gallon-per-year (1,000 ton per day) 

mthanol production faci l i ty .  The BESI project can be characterized as 

a vertically integrated rrrethanol production program based on a renewable 

feedstock, Eucalyptus wood. 

The project is to  be located in Central Florida (Southwestern Polk 

County) on lands previously s t r i p  mined for phosphate. Central Florida 

is an optimum s i t e  for  a Eucalyptus-to-ltlethanol fac i l i ty  for a numker of 

reasons. F i r s t  Eucalyptus grow prolifically on the Central Florida 

climate and soi l s ,  and the trees thrive on the s i t e s  of old phosphate 

mines (mre on this below). Second, the Central Florida location offers 

substantial opportunities for acquiring the 70,1)1)1) acres needed for the 

Eucalyptus energy plantation, mthanol production fac i l i ty ,  and tissue 

culture lab. Third, the Central Florida region possess substantial 

water resources which can be used. Fourth, land in the area is rea- 

sonably priced. Research indicates t h a t  a s i t e  could be readily 

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



the location of Florida's phosphate mining industry (which is now 

largely south of the s i t e  for  the Eucalyptus-tomethanol fac i l i ty)  , 

extensive infrastructure for  mving m t e r i a l s  is akeady in place. 

R a i l ,  truck, and barge t ranspr ta t ion  is readily available. 

3.2 klzicrceconcanic assumptions 

Assumptions about mcroeconmic trends (prices, interest  rates,  

output, etc.) form the under pinning for  a l l  forecasts used in t h i s  

study. For example, projections for future prices and availabili ty of 

gasoline in the U.S. depend upon world o i l  prices and domstic econamic 

conditions. Forecasts of future energy prices are a crucial input for 

this study, and we used forecasts developed by the U.S. Departmnt of 

Energy extensively in Sections 2 and 3 of this study. The DOE in turn 

based its energy forecasts on a long-run mcrceconcmic forecast 

developed by Chase Econmtrics.  

Table 8 sunmarizes the Chase forecast for 1980-1995 and extrap-  

lates the forecast t o  2020. Although the Chase forecast contains 

cyclical episodes, these are obscured by the averaging process used i n  

Table 8. 

Over the ent i re  forecast period £ran 1980-1995 Chase projects 

&ate econamic growth a t  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 average growth for 1995 t o  2020 is 2.6 

percent. The Chase forecast envisions particular strength in the 

manufacturing sector over. the forecast horizon. Here gruwth accelerates 

fran the 3 .3  percent rate  posted fran 1970 to  1980 to  a 4 . 3  percent 

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



series grows a t  an average annual rate  of 4.2 percent. Throughout the 

forecast p r i o d  Chase expects the relative size of the g o v e m w ~ t  sector 

to  shrink w h i l e  manufacturing growth is spurred by higher levels of 

investn-ent. 
- 

Real per capita incarrre w i l l  post annual average gains of 2 percent- 

per-year through 2020. While this represents a marked improvement 

c a p r e d  t o  1979-1982, it is samaJhat below average carpxed to 1970- 

1900. U~Llcltiun is pro~ected to slow throughout the period. The pace 

of general price inflation w i l l  decline from a w s t  7 gercent i n  1 P?O- 

1980 t o  6 percent in 1995-2020. The deceleration of prices is even m r e  

apparent in the series on prices for nonresidential i n v e s m t s .  After 

the rapid 7.7 percent average increase experienced during the 1970s, 

inflation in the price of inves-t goods should slow to an average of 

5.5 percent between 1995 and 2020. 

The f i r s t  few years of the 1980s have witnessed unprecedented peaks 

in interest rates. Lately rates have mved down fram their  peaks, but - 

they are st i l l  very high by historical standards. Chase forecasts that 

rates  w i l l  decline t o  the 10 percent range by 1988. However, this 

implies an average AA bond ra te  of 12.5 percent and a p r im  ra te  of 12.8 

percent for the 1980-1995 interval. 

These forecasted va&s are important inputs to the financial 

analyses presented below. In addition, by using the s a r ~  national 

forecast a s  DOE used, the underlying assumptions for our analysis are 

identical to  those used by DOE i n  forecasting energy prices. 



Table 8.-General macrceconcanic assumptions for  
selected econcanic variables 

(growth rates per year, percent unless otherwise stated) 

1970-1980' 1980-1995~ 1995-2020) 

Real gross national prcduct 
Real industrial prduction , 

manufacturing 
Real per capita disposable incorre 
GNP price deflator 
Price deflator for nonresidential 

inves-t 
Population 
AA bond rate  
Prim rate  

Sources : ' ~ i t i b a s e  : Citibank econcanic database. 

2Chase &on-trics , Inc . , Long-Term Macrceconamic Forecasts 
and Analvsis. Cctober 6 ,  1981 as remrted in E n m  



3 . 3  Tis sue  culture lab and nurseq  

The tissue culture lab and nursery ccknplex is described in Working 

lhzumnt No. 2, Vegetative Propagation of Eucalypts. The lab and 

nursery are designed to provide sufficient,  high quality, Eucalyptus 

seedlings for  BESI1s extensive planting program. Carranercial application 

of t issue culturing in vi t ro  involves four distinct stages: (1) estab- 

lishment of select plant materials in a bacteria-free culture, (2)  

multiplication of plant materials, ( 3 )  rooting of the propaqules, and 
% :..: ' 

(4)  acclimation of the propagules to nursery conditions. As  part  of 

this research BESI has successfully tissue cultured Eucalypts fran 

select mther trees growing in  Central Florida. This exercise not only 

proves that Eucalypts can be successfully reprcduced by tissue cultur- 

ing, but it also establishes a firm basis for  costing out the process. 

The biomass production of a eucalypt energy plantation, envisioned 

for this project, is dependent in part upon a ccanbination of environ- 

mental factors, i i i c l i l ~ g  sail structure an8 f e r t i l i t y ,  average su i l i yh t  

and tempratme, precipitation quantity and distribution, vegetative 

c a r p t i t i o n ,  and pathogen impact; but the average genetic quality of the 

trees is the single mst influential  factor determining growth poten- 

t i a l .  The genetic system - of &calyptus is such that  native seed ppu- 

lations include a diversity of genetic types-and consequently, a wide 

range of environmmtal adaptability wi th in  the species. This diversity 

is beneficial in providing families adapted to a particular environ- 

mental niche (e .g. , phosphate mine spoils, native f latmcds soi ls ,  

high-salt so i l s )  . However, it is very d i f f i cu l t  to capture desirable 

qenotyps for  seedling production. Eucalypts show pronounced "hybrid 

vigor"; and, conversely, suffer tremndous "inbreeding depression" when 



seed results fram self-pollination (Eldridge, 1978). Comcially 

available seed is genetically heterogeneous. Planting stock produced 

frm it will invariably yield "aces and spaces" (E. C. Franklin, Pers. 

Carrsn.1. That is there will be came very good trees and scarre that do not 

sunrive. 

This kind of performance is not acceptable for an energy planta- 

tion. Instead what is needed is a uniform stand of vigorously grading 

trees. This alternative can be acc~lished by selected a series of 

genetically superior trees fram a seedling plantation or natural stand, 

these genotypes are vegetatively propagated, field-tested and then 

expanded to provide a uniformly high-yielding planting stock. This task 

is facilitated by the location of ixo significant stands of Eucalyptus 

Carnaldulensis growing on restored phosphate mine lands in Central 

Florida. BESI has selected the best of these trees for "mther trees" 

in the clonal seedling program. 

As part of the present study, w e  have examined the feasibility of 

large-scale plantation establishmnt by various ~ t h c d s ,  and have 

reached the following conclusions. 

1. Seedling plantations are limited in ptential yield due to 

genetic variation amng the planting stock and often inade- 

quate =-lies of appropriate seed. 

2. Vegetative propagation by rooted cuttings can provided good 

genetic uniformity of select hybrid planting stock; however, 

lzge-scale production requires establishmnt and maintenance 

of extensive cutting orchards. The collection of shoots and 

preparation of cuttings, although successfully implmted in 



the Congo and Brazil, would not be econcanically feasible in 

Florida for large-scale plantations. 

3. Tissue culture propagation of select hybrid eucalypts offers 

the only opportunity t o  produce the very large number of trees 

required to  establish the energy plantation. The cost of 

t issue culture propagation, although higher than seedling 

production, is mre than off-set by the increased productivity 

of vegetative plantations established from select hybrid 

Eucalphm (Wbrlring IBmmnt ah. 2 ,  1982, pp. 2 ) .  

Wrking bcmm=nt No. 2, Vegetative Propagation of Eucalypts, 

describes the process of establishing select f ie ld  m t e r i a l  in cultur- 

ing, miltiplying the cultures, rooting, and accLimating the seedlings t o  

the nursery. 

Table 9 out l ines the method by which 7.5 million, select,  

Eucalyptus, seedlings can be produced over the span of 10  mnths. Stage 

I of the process involves the es t ab l i sb t  of select f ie ld  material in 

culture. Although this step is a v i t a l  prerequisite to Eucalypt produc- 

t ion via culturing, it has l i t t le affect  on the timing or  yield of 

seedlings. Thus it is not included in Table 9. Stage I I A  involves the 

multiplication of the plant material, and Stage IIB allows the material 

to elongate and miltiply further. A t  Stage I11 the culture material 

develops roots, and Stage IV is acclimating the seedlings t o  the 

nursery. 



TABLE 9 

PRODUCTION OF 7.5-MITLION Euca lmtus  TREES PER YEAR 

Culture 
Stage M n t h l y  Activities1, M n t h s  Growing Space Personnel 

4 

I1 468 jars 
II -10%~ OC~-JU~  

I1 5570 j&s + 570 jars 

m, 1 -5% 
I1 

JI 
5292 jars 

IIB 17,200 7 jars 
(0.5 m) 17,200 jars 

I -5% Nw-Aug 51 m2(550 f t 2 )  

. .. IIB 32,682 ~ars  

I11 9,800 tins 
(0.5 m) 9,800 tins 

. .. I11 17,648 tins 

IV 882,418 plantlets 

Nursery 750,055 trees 

360 rn2 (3845 f t 2 )  
culture room area 

13.6 
greenhouse workers 

861 acres greenhouse area 
- 

Note 1: P r ~ l c t i l z n  of 750,000 t r e e s / m n t h ,  ten m n t h s  per year .  
Note 2 : Sing le  arrows (-4 ) , incubat ion s t e p s ,  doub le  arrows (==+ ) transfer steps. 
Note 3: Negative R associated wi th  incubat ion steps indicate allowances for losses. 
Note 4: Personnel f i g u r e s  inc lude  no supervisory or support staff. 
Source: Wrkincj Docunwt No. 2 (19821, pp. 48. 



Table 10 provides cost estimates for the tissue culture laboratory 

and lab equipmt developed in Working Docurrrent No. 2. In addition, the 

table shows the major assumptions wkich influence the estimated cost per 

seedling. 

A s  noted in hbrking Docunwt No. 2 the m s t  important variables in 

determining the cost for tissue-culture propagated sedlings are: (1) 

multiplication rates, (2)  failure rates, and ( 3 )  labor costs. M t i p l i -  

cation rates have a dramatic affect on mtal cost per s & . ~ ~ c J  hcausa 

the higher the multiplication rate the 1- the cost-per-plant for mst 

lab operations. The reverse is true for losses--re losses lead to  

higher cost per finished seedling. Since labor costs account for over 

50 percent of total costs, the affect is obvious on finished seedling 

costs. 

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

serve the needs of EESI1s planting program exclusively. Thus, the 

market for superior Eucalyptus seedlings is asswred. The seedlings are 

priced to provide a 20 percent return after taxes. 



Table 10.--Data and assumptions for  the tissue 
culture lab and nursery 

(1982 dollars) 

Tissue culture laboratory 
Laboratory equimt 
Tissue culture multiplications rates: 

Stage I1 a 
State I1 b 

Estirrrated losses: 
Stage I1 a multiplication 
Stage I1 b elongation 
Stage I1 rooting 
Stage TV nursery grcwth 

Labor costs 
Price per finished seedling 

multiplication 13 
elongation 10  

5% 
5 % 

10% 
15% 

$6 per hour 
$0.30 

Table l l . -F inancia l  analysis-Bimss Ehergy System, Inc. 
tissue culture lab and nursery 

Internal ra te  
of return 

1. Base case: assumptions as  per Table 10,  
Wrking Dxunwt No. 1, and Chase 
Econmtrics  

2. Increased losses and 1- multiplication 
rates: losses a t  each stage are increased 
by 5 percentage pints and multiplication 
rates  a t  Stage I1 are reduced by 10 percent 

3. Improved procedures: elimination of Stage I11 
culture and autamation of Stage I1 dkures 37.3% 



Table 11 contains a financial analysis f c r  the tissue. culture- 

nursery operation. Under the base case assumptions outlined in Table 10  

and in Working Dommnt No. 2, the internal ra te  of return for  the 

project is 20.4 percent a f t e r  taxes. This rate  of presurrres a 30 cent- 

per-seedling price and was calculated on a discounted, cash, f l m ,  

basis. 

A s  noted in Mrking lkament No. 2, the estimates for  cost-per- 

seedling are quite sensitive to variations in the d t i p l i c a t i o n  and the 

fai lure rate. Scenario 2 ,  "increased losses and lower multiplication 

rates" attenpts to capture the downside risk. Here, the loss rates are 

a l l  increased by 5 percentage points and the Stage I1 multiplication 

rates are reduced by 10 percent. Should this set of circumstances 

transpire, the internal ra te  of return would f a l l  to 13.2 percent. 

There is also significant opportunities for achieving lower costs 

by autcaMting sme Stage I1 processes and by eliminating the Stage I11 

culture step. The resulting economics push the prospective internal 

ra te  of return to 37.3 percent. 

Biarrrass Energy Systems, Inc. has operated a tissue culture lab for 

over two years now. This practical experience is the foundation for  the 

cost estimites presented in k r k i n g  Ikmmnt No. Z andl used in this 

analysis. In addition, our experience indicates that an expanded tissue 

culture lab can provide the 7.5 million seedlings needed to support the 

plantmg program and be a profi t  center in its own right. 

3.4 Eucalyptus energy phntat ion 

The Eucalyptus energy plantation is the second major campnkt  of 

BESI ' s Eucalyptus-to-than01 project . Conceptually, 'this phase of the 



project takes as  its inputs select seedlings frcan the tissue culture- 

nursery phase, ins ta l l s  the seedlings, maintains the Eucalyptus planta- 

tion, harvests the d, and delivers it t o  the mthanol refinery. Each 

of these steps was describe in CJorking Docunwt No. 1, The Florida 

Eucalyptus B.lergy Fam-Silvicultural ethods and Considerations. 

BESI has selected Eucalyptus Caddulens is  as  the i n i t i a l  species 

t for energy plantation. Camaldulensis has a n m b r  of desirable 

p r o v e s  for  this project. ' F i r s t ,  Camldulensis exhibits vigorous 

growth in central Florida. BESI has studied two stands of Cmldulerisis 

grwing on restored phosphate mine land i n  Central Florida--conditions 

c a p r a b l e  to those BESI proposes t o  use. These stands, which w e r e  

given very l i t t le care, show scare exceptional growth. Second, the 
- 

existing Camaldulensis provide a source of select plant material for 

tissue culturing and clonal production of seedlings. Third, 

Camaldulensis is h w n  mrldwide for  its rapid growth, tolerance of 

- adverse conditions, and moderate resistance to freeze damge. Fourth, 

Cdmldulensis has not produced an abundant viable seed crop. This helps 

to address the e n v i r o m t a l  concern about the escape of this "exotic." 

Fifth, the existing Carnaldulensis stands have demnstrated a resistance 

to insects, disease, and f i re .  Sixth, Camaldulensis ac'lieves its best 

form under dense stocking, and it does not require extensive management. 

Finally, Camaldulensis copices r e a d i l y - d e n  cut in sprouts back from 

the stump eliminating the need for  replanting (Mrking Dxment No. 1, 

pp. 14-15). 

Plantation design w i l l  errrpbasize maximizing biamss production. 

Seedlings w i l l  be plantwed 5 feet  apart in the rw with rcws spaced 10 

feet  apart. This design w i l l  a l l w  for a stocking density of 871 



plants-per-acre. A t  this density Zamaldulensis w i l l  exhibit good form, 

and yet have sufficient roam for our short-rotation period of 7 years. 

The plantation design ca l l s  for reasonably long rows t o  f ac i l i t a t e  the 

use of machinery, and clonal planting blocks of 160 acres each (Working 

m t  No. 1, 1982, pp. 92-96) . 
Silvicultural practices are designed t o  maximize rapid i n i t i a l  

growth. Research indicates tha t  the f i r s t  year is the mst crucial in 

terms of u l t d t e  b i m s s  yield a t  harvest. Si te  preparation is  the key 

to good biamass yields. Although s i t e  preparation may vary sawwhat 

depending on local con&bons, the following general prescription 

applies: (1) heavy discing and chopping coupled with remmal of debris 

i f  necessary, (2) l ight  discing, (3 )  s o i l  testing, ( 4 )  raking to a 

smoth level surface i f  necessary, and (5) bedding in potentially w e t  

sites. Control of vegetative campetition is crucial, and herbicides may 

be used i f  needed (Wrking Dxurrwt No. 1, 1982, pp. 75-78). 

Since s o i l  mis tu re  conditions and the lack of f ros t  are crucial to 

the successful establidment of Eucalypts, planting w i l l  not be done in 

the cold and d.ry winter mnths. Planting w i l l  be done by machine £ram 

Speedling Planters (Working Dcamnt No. 1, 1982, pp. 75-98) . 
Once establishmnt is .  insured, a acalyptus plantation needs 

relatively l i t t le  m a n a g m t .  Control of vegetative campetition, 

haever, is v i t a l  in the early years of the plantation. Proper site 

preparabon should minimize weed canpetition, and af te r  a year o r  so the 

Eucalypts w i l l  control the site. So, herbicides m y  be needed during 

the f i r s t  year, and a t  hamest tim. In addition, the plantation must 

be monitored for f i r e ,  insects, and disease.' Hmver,  Eucalypts are not 

particularly prone to problems in these regards, and in fact  have proven 



to  be very hardy and *st and disease free (Wrking Docurrwt No. 1, 

1982, pp. 112-120). 

Harvesting w i l l  be done using standard logging equipmnt. Every 

tree harvesting operation must acccarrplish four tasks, felling, skidding, 

yarding, and hauling. Since the rotation period w i l l  be 7 years, the 

plantation grown Eucalypts are projected t o  be between 6 and 8 inches in 

diameter, 50 to  70 feet tall, and to weigh around 600 pounds (more on 

this belm). Thus, a standard mtorized feller/buncher w i l l  be used. 

Four-wheel drive rubber-tired skidders w i l l  m e  the logs to the end of 

the rows and assemble them in piles. There the - trees w i l l  be topped, 

delimbed, and loaded on to  t ra i lers  for delivery to the mthanol plant. 

The tops and limbs w i l l  be chipped in the field, and the chips w i l l  also 

be brought to  the plant (Working kcment  No. 1, 1982, pp. 121-131). 

BESI research (Working Docunwt No. 1, 1982, pp. 133-1371 indicates 

that a 7 year rotation w i l l  produce prolific mounts of b i m s s ,  154 

green tons per harvest are expected. This yield is  equivalent t o  11 dry 
-- 

tons per acre per year. This estimate was developed by f i r s t  examining 

existing stands of Cmldulensis growing on reclairred phosphate mine 

land in central Florida. These stands received l i t t l e  care after  

planting and select seed was not used. Overall survival rates ranged 

f m  45 percent on the poorest s i tes  to  75 percent on the better sites. 

Thus, the stands are characterized by wide variation m n g  individual 

trees which is to be -ted. H-VW, the stands also contain a 

substantial number of superior trees. A t  6.3 years the largest tree was 

16.4 inches in dimter a t  breast height, and the ta l les t  tree was 97 

feet (Working Ecament No. 1, 1982, pp. 66-73) . 



Data f r m  the existing stands of Camaldulensis were extrapolated 

for our yield estimate of 154 green tons per harvest. W e  ass& t h a t  

the average tree would be betsea 6 and 8 inches in diarreter a t  7 years, 

a mdest assumption given the nw$er of outstanding individual trees in 

the stands. F'urther adjustmsnts included: ( 1) increasing the planting 

density to 871 per acre, (2)  allowance for a '  m r e  even stand a t  6-8 

inches in diarreter, a t  breast height, a t  7 years through the use of 

tissue culture seedlings drawn f r m  superior "mother" trees, (3) im- 

proved site preparation and control of vegetative competition, and (4 )  

increased sunrival t o  70 percent. 

W i t h  this background we turn next to  an analysis of the economics 

of producing Eucalyptus feedstock to service the needs of the mthanol 

production faci l i ty.  mgineering estimates by Evergreen mergy 

Corporation (Working Docunwt No. 8, 1982, pp. 4) indicate that  the 

plant w i l l  require 1,990 dry tons of Eucalyptus feedstock per day. 

Since the plant is designed to operate 330 days per year and the 

Eucalyptus is 50 percent water when cut, feedstock requiremmts are 

1,313,4000 tons per year. If the yield a t  hamest is 154 green tons per 

acre a t  each harvest every 7 years, 8,529 acres must be hamest each 

year. Allawing for roads, staging areas, and the like (a t  15 percent) 

this requires 9,808 acres for each years feedstock. Over a period of 7 

years 68,655 acres in total are needed. 

Table 12 Lists a l l  of the data and assumptions used in the economic 

analysis. A l l  of these are described in Working Cocument No. 1 except 

the following: 



(1) rent and m a n a g m t  fees are designed to  provide adequate 

campensation for managing the plantation operation and for  

paying local taxes (which are minimal on a per acre basis) ; 

( 2 )  the mket price for feedstock is designed to provide a 15 

percent return af ter  taxes-since the mket and price are 

assured by purchases f r m  the refinery, this return is ade- 

quate ; 

(3) the engineering report by Evergreen Energy Corporation, 

Wor.Linq Ihmmnt No. 8 ,  Wood-Fueled Gasification System, 

estimates that  1,990 dry tons of mod w i l l  be needed each day 

of operation (330 days per year), a t  50 percent mis ture  this 

mxms 330 x 1,990 x 2 = 1,313,400 green tons of wood are, 

needed each year; 

(4)  a p p r o h t e l y  15 percent of the total land available for 

grwing Eucalyptus must be devoted to roads, staging areas, 

etc. ; 

(5) the land cost on an acre basis was estimated in Working 

Docurrwt No. 9, The Florida Eucalyptus Energy Farm and 

Wthanol Refinery - the Economic Analysis, Section 4 .1  above; 

(6) the net corporate tax ra te  is a s h  to be 40 percent to 

reflect  the various write-offs all- for agricultural 

operations of this iqp; and 

(7 )  a rmrtgage is obtained for the land w i t h  a 10 percent down 

payrent a t  1 percent above. the pr im rate. 

Based u p n  these assumptions Table 13 presents the financial analy- 

sis. In the base case the plantation provides a 14.7 percent return 

af ter  taxes. N o  revenues are generated for the f ixs t  seven years of 



operation when land is a+&, t rees are planted, and they g m .  When 

the f i r s t  harvest cosrres in year 8, substantial net cash inflows cam- 

m c e .  W s e s  for  land acquisition (10 percent down and a 30 year 

mrtgage) , planting and management to ta l  $92.5 million during the f i r s t  

7 years of operation. It is assum4 t h a t  a l l  of these funds are equity 

capital. To the extent tha t  debt is used in developing the Eucalyptus 

plantation, the internal ra te  of return w i l l  rise. However, t o  be 

conservative we have assumed 100 =cent g~. i . ty financing sxcept for thc 

lad. 

Table 12.---Data and assumptions for  the Eucalyptus 
e n e r r  plantation 

(1982 dollars) 

Cost per seedling 
Number of seedlings per acre 
Installation cost per acre 
Fertil izing and herbicing per acre 
Survival ra te  for  seedlings 
Years to maturity 
Harvest cost per tan 
Yield a t  mturity per acre every 7 years 
Fixed cost for  property taxes and managerent 

per acre 
Market price of feedstock per green ton 
Tons of mod r@ed per year 
Mditional acreage needed for  roads, staging 

areas, etc. 

Macroeconcanic assunptions . 
Land cost per acre 
Tbtal net tax ra te  
lbrtgage ra te  

$0.30 
871 

$500.00 
$60.00 

70%-80% 
7 

$10.00 
154 green tons 

15% of total acreage 

Chase Econczwtrics 
$750.00 

40% 
p r i m  plus 1% 

Sources: Working Cocunwt No. 1, The Florida Eucalyptus Energy Farm 
-Silvicultural & t h d s  and Considerations. and Chase Economtrics 



Table 13.--Financial analysis-Biamass Energy System, Inc. 
Eucalyptus energy plantation 

Internal rate  
of return 

1. Base case: Chase Econawtrics, other 
assumptions BESI 

2. Law yield: 25 percent less  yield to 115.5 
green tons per acre per harvest 

3. High yield: 25 p r c e n t  m r e  yield t o  192.5 
green tons per acre per harvest 

4. Higher inflation: one percent h e  Chase 

5. Higher harvest cost: $12/ton in 1982 

6. Lower harvest cost: $8/ton in 1982 

7. Higher mrtgage rate: p r i m  plus 2 

To investigate the sensitivity of the rate  of return estimate we 

examined an array of seven alternative financial scenarios in Table 13. 

BESI research suggests tha t  Eucalyptus yields w i l l  be 154 green tons- 

per-acre per harvest (every 7 years). Hmiever, yields may turn out t o  

be greater o r  smller than this. Scenarios 2 and 3 explore these 

possibili t ies.  I f  yields CUE i n  25 percent below expectations (a t  

115.5 green tons-per-acre per harvest) , the after-tax internal rate-of- 

return f a l l s  to  11.4 percent. By contrast, i f  actual yields are 25 

percent higher than expected, the a f t e r  tax return j q s  to 17.4 per- 

cent. 

Scenario 4 examines the impact of a higher than forecast level of 

price inflakion. The total affect of a 1 percent higher ra te  of in- 

flation is t o  raise the rate-of-return to 15.8 percent. This occurs 

because both costs and revenues are increased when inflatian rises, and 

the revenue affect daminates. 



Scenarios 5 and 6 explore the affects of harvest costs on profit- 

ability. Harvesting costs are the largest single cost item for the 

plantation. If harvesting costs are 20 percent above BESI's estimate of 

$10 per ton, profitability falls to 12.3 percent. By contrast, if 

harvesting costs carre in at $8 per ton, profitability increases to 17.0 

percent. 

Tke final scenario involves a higher mrtgage rate, prim plus 2 

gercent. The impact on overall profitability is d l ,  and the internal 

rate-of-return declines to 14.4 percent. 

3.5 &than01 prcduction facility 

To simplify greatly, we can characterize the production of mthanol 

as a t m  step process: ( 1) production of synthesis gas and (2) mthanol 

synthesis. In step one an appropriate feedstock is con- to synthe- 

sis gas, a mixture of carbon mnoxide, carbon dioxide, water, and 

hydmgen. In step t m  the synthesis gas is converted to mthanol. 

For mst conventional mthanol plants using natural gas as the 

feedstock, we can characterize the chemical processes as follcws: 

(1) Natural gas (a4) is convertd into synthesis gas in a steam 

refomr. M2 + H20 -. a3 + 2H2 or CH2 + W20 + 3H2 

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

and impurities, and ccanpressed. 

(3) The caol campressed synthesis gas is converted to rrethanol 

under pressure in presence of catalysts. The process is 

characterized by the pressure at which it operates: High 

pressure systems use z inc-chronium oxide catalystsand lcw 

pressure systems use capper. 



( 4 )  The raw mthanol is condensed, cleaned, and d is t i l led  (See 

Collieries, 1980, pp. B5-B7; Encyclopedia of Chemical Tech- 

nology, 1981, Vol. 15; Paul, 1978, pp. 4-26, 107-238; or Davy 

pllcXee, 1981, for m r e  detailed discussion). 

The methanol plant envisioned by BESI is essentially the same as 

existing mthanol plants. The only major difference involves the 

substitution of mcd. as  the feedstock for  the mre traditional natural 

gas feedstocks. 

Technical detai ls  about the mthanol production fac i l i ty  are 

contain@ in Working Dccunwt 7, Feasibility Study Eucalyptus t o  1000 

STDD &than01 Plant in South Central Florida, by Davy WKee and hbrking 

Dxment No. 8, The Wccd-Fueled Gasification System, by Evergreen Energy 

Corporation. These documents describe the engineering and operating 

aspects of the methanol plant. In addition, the t m  engineering studies 

provide capital  and operating cost estimates for  the mthanol fac i l i ty .  

The Davy kKee study provides a ccanplete preliminary engineering 

design for the ent ire  mthanol production fac i l i ty  from the receipt of 

mcd a t  the factory t o  the load out of finished rrrethanol Davy deter- 

mined the optimum size plant was 1,000 tons per day. The Davy design 

incorporates c m c i a l l y  proven c ~ n e n t s  for  every phase of the 

design. The m j o r  process r i sk  involves the scale up of the Davy 

fixed-bed up-draft oxygen-blm gasifier to u t i l i ze  wwd. Otherwise the 

B E 1  fac i l i ty  is -able in many ways to existing rrrethanol plant 

except the feedstock is wccd. 



While Davy developed an excellent, preliminary, engineering, design 

study, mthanol produced using this design was judged to be uneconcxnical 

for three reasons. First, overall theme1 efficiency is very low, 33.3 

percent. Second, the design requires excessive munts of process 

water, 4 million gallons-per-day (MIX), and generated large quantities 

of aqueous effluent, 1.5 W. Third, the design requires too mch wood 

feedstock--over 6,000 tons per day (green). The m a i n  problem in the 

Davy design is the gasifier. The Davy gasifier operates at awspheric 

pressure, at relatively l m  temperatures, uses steam to regulate the 

gasification process, and requires long residence tim in the gasifier. 

These characteristics are wasteful from the perspective of thermal 

efficiency, they require increased wood feedstock and water, and they 

produce excessive waste water effluent. 

To resolve sarne of these difficulties Evergreen Energy Corporation 

examined the preliminary Eucalyptus-to-mthanol design and redesigned 

the gasifier and associated facilities. Evergreen selected the Texaco 

entrained-bed gasifier for the project. The Texaco gasifier operates at 

high temperatures and pressures and is an oxygen b l m  process. Resi- 

dence t h s  are short, and virtually no tars or oil are produced. Using 

this design thermal efficiency increases from 33.3 percent to 49.7 

percent, r-ed feedstock is reduced to 1,998 tons per day la 34 

percent savings) , make up water declines by 46 percent to 2.2 FGD, and 

waste water is reduced by one-half to 0.8 IGD. 

While the Evergreen design can produce mthanol at a mre campeti- 

tive price, there are greater process risks involved. The increased 

risk relates to the use of the Texaco gasifier which has never been 



tested on w c d .  Evergreen plans such tests in 1983, but unt i l  then this 

does represent a major process risk. 

Other aspects of the Evergreen and Davy designs are essentially the 

sarre. For example, the total capital  costs for ei ther  the Davy o r  

Evergreen design are virtually identical-$250 million Davy c-ed to 

$243.4 million for Evergreen's design. In addition, manpower require- 

m t s  are identical. Thus, a l l  things considered we shall adopt the 

Evergreen design. 

Figure 2 provides a flow chart for  the mthanol plant which is 

described below, and Table 1 4  contains the materials balance for  the 

plant, 



Waste W a l e r  Treatment 
I 

Sludge 
8 

Source: Evergreen Ehergy Corporation 

Figure 2.--Plow chart f o r  the Eucalpytus t o  
lnethanol plant 



Table 14 .Agineer ing data comparison 

Ehtrained Bed 
Fixed Bed Gasification 

Gasification Texaco- 
Davy WKee Evergreen - 

Process Process 

A. Raw Materials and Utilities In 

1. Eucalyptus Wood (Dry basis 
Feedstock 
Fuel .(wood) 

2. Well Water Makeup 

3. Electricial Power 

4. Natural Gas 

B. Products a t  

1. &el Grade Methanol 

2. Treated Waste Water 

3. Ash & Unconverted Carbon 

C. Total . Installed Cost of Plant 
(million dollars 

D. Catalysts and Chemicals 
Cost per ton of rnethanol 

1,995 STPD 
1,052 STPD 

1,000 STPD 

1,060 B M  

14.8 STPD 

1,990 STPD 
0 

1,000 sTPD 
550 GPM 

48.0 STPD 

F. Thermal Efficiency 33.3% 49.7% 

Source: Evergreen Energy Corporation. 



Table 15 contains the data and assumptions used to evaluate the 

econcanics of the mthanol production faci l i ty .  Since Section 2 

discussed the forecast for  mthanol prices, these are not examined 

fw33-1- here. General econcanic assumptions for  inflation, interest 

rates,  and the like are drawn frcan Chase Econometric's forecast shown in 

Table 6. The engineering cost es-te for  the plant is taken from 

Evergreen Energy Corpration's design (Pbrking D x u r m ~ t  No. 8). A three 

year buildout pried is assxmd t o  b e h q  jn 1978. Cash ~ p n d i t u r e s  are 

tin& a t  20 percent, 60 percent, and 20 percent over the consWct;ion 

cycle. The i n i t i a l  cost estimate for the Evergreen designed plant is 

escalated by the inflation rate  for invesbwnts in plant and equipnwt 

( f r m  Chase) . During the construction cycle, the unbuilt fraction of 

the plant continues to escalate in price. 



Table 15.---Data and assumptions for  the nethano1 production f a c i l i t y  

Econcanic assumptions 

Capital costs 
Plant costs (1982 dollars) 

Construction timing - three year 
building period conencing in 
1987. Cash expnditures of 20 
percent, 60 percent, and 20 
percent for  1987, 1988, and 
1989 respectively. 

Start-up costs 

Land 

Working capi ta l  

Principal payments 

Interest  p a ~ t s  

Operating costs 
Feedstock 

Catalyst and chemicals 

Labor 

U t i l i t i e s  

Shipping, handing and insurance 

Prom tax and administration 

Maintenance 

Chase Econmtr ics  

500 acres a t  $5,000 per acre 
(1982 dollars) 

60 percent of instal led plant 
costs 

2.8 percent of plant costs 

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

AA bond r a t e  a t  issue date 

$20 pex green ton a s  pf 1982 
and 1.3 rnilion tons-pr-year 
required 

$4.10 per ton output 

Davv WKee estimates of man- + priced accordingly by 
BESI 

hunts  frcan Evergreen a t  
m k e t  prices 

Market ra tes ,  delivery t o  
Houston 

2.25 percent of instal led costs 

5 percent of installed cost 
from Davy PkKee 



Start up costs were assured to be $10 million, and start up is 

scheduled for the f i r s t  half of 1990. Full production begins in the 

second half of 1990. Land for  the plant and its wrxd pi les  requires 500 

acres which cost $5,000 per acre in 1982. This cost escalates a t  the 

general inflation ra te  uni t  1987 when the land is purchased. 

The plant is  financed with 60 percent equity capital  and 40 percent 

debt (bonds). Any operating def ic i t s  are made up by contributions of 

additional equity. Working capital  requirerents are 2.8 percent of 

plant costs. Bonds are AA corporate debentures requiring semi-annual 

interest  payments. Sinking funds are established t o  r e t i r e  the bonds. 

These sinking funds accrue interest a t  the prime bank rate. Operating 

costs are daminated by. feedstock expenses. Over 1.3 million tons of 

feedstock are needed per year. The 1982 price is $20 per ton, and this 

increases with inflation. Evergreen Ehergy calculates that  $4.10 in 

catalysts and chemicals are used per ton of output. This price also 

increases w i t h  i d l a t l o n .  Labor requiremnts were es t imted by Davy 

m. These escalate with inflation and run $4.7 million in 1982. 

Evergreen estimates the quantities of electr ici ty and natural gas needed 

for  the plant. In 1982 these muld cost $5.6 million, and they escalate 

a s  follows: (1) electricity a t  the general inflation ra te  and (2) 

natural gas a t  an accelerated pace taken £ram Chase's forecast. 

Shipping and handling charges are calculated £ran the plant site in 

Southwestern Polk County by truck t o  Tampa (1.1 cents per gallon) to 

Houston by barge (0.3 cents per gallon). The rates are current market 

quotes, so these prices increase with inflation. Insurance is a s h  

to cost 1 percent of the installed value of the plant. 



Property taxes and adninistrative expenses are assured to be 2.25 

prcent of the installed plant cost. This is similar to the figure used 

in Collieries Managemnt Corp. ' s  r e p r t  (1980). Finally, Davy WKee 

calculated that the maintenance expenses for the plant would run a t  5 

percent of plant's installed costs. A l l  of these costs increase over 

tim w i t h  inflation. 

Table 16 displays the results of the financial analysis for the 

Eucalyptus-toethanol facility. For the base case incorporating the 

assumptions from Table 15, the internal rate of return i s  23.3 percent 

on an after tax basis (discounted, cash, f lcw approach) . A 23.3. percent 

after tax return is certainly attractive. Total cash required until 

start up is $257 million. 

Since the engineering cost estimate for the plant has  a confidence 

band of plus or minus 35 percent, scenarios 2 and 3 address these 

alternatives. The high cost plant, 35 percent cost-overrun, is examined 

in scenario 2. If a l l  the other assumptiofis listed in Table 15 hold, 

the project s t i l l  provides an after tax interal rate-of-return of 19.1 

percent. I f ,  on the other hand, the plant ultimately costs 35 percent 

less than is not estimated, the internal rate-of-return after taxes 

soars to 30.8 percent. 

To explore the affect of financing. options on plant profitability 

.w= considered scenarios of 100 percent equity (No. 4) and 100 percent 

debt (No. 5) . Mintaining the base case assumptions of Table 15 we find 

t h a t  the after tax return falls  to  20.2 percent i f  a l l  financing is by 

equity. Although profitability for this option is reduced by 3 percent- 

age pints ampred to  the base case, the effects are W e s t  because the 

base case already used a significant portion of equity capital (60 



percent of plant costs plus any operating defici ts)  . By contrast, the 

100 percent debt case causes the af ter  tax internal rate-of-return t o  

jump t o  36.4 percent. 

Scenarios 6, 7, and 8 examine the consequences of the lower profile 

for rnethanol prices drawn froan Table 7. Under these circumstances the 

interest rate-of-return a f t e r  taxes would be 9.8 percent for the base 

case, 6.7 percent for  the high cost plant, and 15.1 percent for  the lw 

cost plant. 

Finally, scenarios 9 to 11 explore the affects of the higher 

profile for  rrethanol prices. Here prof its range fram 21.1 percent for  

the high cost plant to 33.5 percent for the low cost plant. 



Table 16.--Financial analysis-Biomass Energy Systems, Inc. 
100 MGY rrethanol f a c i l i t y  

Internal r a t e  
of return 

Base case 
1. Base case: Evergreen Energy plant costs, Qlase 

- -  - 

inf la t ion and i n k e s t  ra tes ,  mderate mthanol 
prices, and 60 percent inves-trmt in plant 

2. High cost  plant: Evergreen Energy plant costs 
plus 35 percent 19.1% 

3. Law cost  plant: Evergreen Energy plant costs 
less 35 percent 

4. Full  equity: 100 percent equity financing 20.2% 

5. Nl debt: 100 percent debt financing 36.4% 

I m  mthanol prices 
6. Base  case: Evergreen Energy plant costs, Chase -- - 

inf la t ion and interest rates ,  low mthanol prices,  
and 60 percent equity financing 

7. High cost  plant: Evergreen Energy plant costs 
plus 35 percent 

8. low cost plant: Evergreen Energy plant costs 
less 35 percent 

High rethan01 prices 
9. Base case: Evergreen Energy plant costs, Chase 

inf la t ion and interest rates ,  high rrethanol prices, 
and 60 percent equity financing 25.9% 

10. High cost  plant: Evergreen Energy plant costs 
PIUS 35 percat 21.1% 

11. L m  cost plant: Evergreen Energy plant costs 
less 35 percent 33.5% 



3.6 Can wood-to-methanol caqete with coal-to-methanol? 

If our forecast for rethan01 prices in Table 7 is accurate, it 

appears that the production of mthanol frcnn Eucalyptus in Central 

Florida is viable both technically and econamically. Haever, this 

optimistic assuption must be w e d  with the knwledge that wood- 

based mthanol will face a serious capetitive challenge from coal-based 

methanol. 

In Uittury, msf any carbonaceous substance can be used as a feed- 

stock for mthanol production. Haever, in practice cnst and avaih- 

ability limit the relevant alternative feedstocks to coal, wood, and 

municipal solid waste. Since each of these feedstocks could be used to 

produce methanol, the econamic question is which will be the mst 

ccmrpetitive? This is a crucial issue since the feedstock which produces 

the lowest cost rrutthanol, will be the feedstock of choice. 

A n* of recent st t idies have attcmpkcd to adckess ULLS issue. 

The general consensus conclusion is that coal is by far the least cost 

feedstock for mthanol production. Table 17 is a saqlinq of price 

caparisons for mthanol produced frcnn coal, wood, and municipal =Lid 

waste. Since municipal solid waste is not ccmrpetitive as a feedstock, 

it will not be discussed further. 

The conclusian that coal-methanol is inherently less expensive than 

mod-methanol is supported by the theoretical process econcanics involved 

in converting feedstock to mthanol. The total cost of producing 

mthanol depends upon: (1) feedstock costs, (2)  conversion efficien- 

cies, and (3 )  plant costs. Coal apears to be superior to wood in each 

of these areas. 



Table 17.1'thanol production cost forecasts-pr ivate  prcciucers 
(1980 d o l l a r s )  

Study Feedstock G a s i f i e r  $/gal lon 

~ o l l i e r i e s '  wood - $0.98 
coal Texaco $0.52 
coal Kopprs-Totzek $0.66 
municipal s o l i d  

waste -- $1.53 

bhm3, c o a l  Lurgi $0.61 

&tz4 coal -- $0.56 

Badger5 coal ~ l / G t t o  $0.24 

Sources: 'wan (1982), pp. 27. 

' co l l i e r i e s  (1980). pp. A9, u 9 .  A33. 

%ham and Fores t e r  (1980) , p. 10. 

4 ~ t z  (1980). p. 95. 

' ~ a d ~ e r  as reported in Paul (1970) I pp. 130. 



~Qthanol production can be viewed as  a two step process: (1) 

prcduction of synthesis gas from the feedstock and (2) methanol synthe- 

sis. Step two is basically the saw no matter what the feedstock is. 

Thus, we are concerned rrainly about step one when coal and wood are 

canpared as  feedstocks. A s  a feedstock coal has the following advan- 

tages over wood: 

(1) coal is available a t  very concentrated locations-mines, 

(2) very large amounts of coal are available a t  the mine s i tes ,  

(3) c&l conta&s m r e  carbon and has a higher B?U value per pound 

than wood, and 

( 4 )  it is more eff icient  to convert coal to nrtthanol. 

Thus, c a p r e d  t o  wccd coal is easier and cheaper t o  handle, it offers a 

greater output of methanol per ton of feedstock input, and it costs the 

same o r  less on a BTU basis. Ih addition, because very large m u n t s  of 

coal are conceiqtrated a t  one location, very large plants can be designed 

to exploit the econcxnies of sale. 

Although coal has a number of inherent advantages over wmd as a 

rrethanol feedstock, it also has som inherent disadvantages. First, 

canpared to w m d  coal w i l l  have a greater impact on the e n v i r o m t .  

Gnlike mcd coal contains significant m u n t s  of sulfur and very small 

amxlnts of heavy metals l ike  arsenic and mcury .  However, coal based 

methanol plants must be very large to exploit their  economies of scale, 

they w i l l  use huge amunts of coal and thereby generate large quantities 

of effluents. Fsvironmntal protection costs w i l l  be high, they appear 

t o  be understated in the l i te ra ture  (more on this below). Furthenuore, 

very large coalirrethanol plants w i l l  require large m u n t s  of freshwater 

which may not be readily available. 



Second, estimates of methanol costs f r m  coal ass- thermal 

conversion efficiencies f rm 50 to a h s t  60 percent. However, thermal 

efficiencies a t  this level have not been proven c ~ c i a l l y .  In fact, 

in the two plant designs developed for BESI pursuant to this research 
- 

thermal efficiencies were belw 50 percent (for wccd) and w e l l  below the 

projected thermal efficiencies published in the literature. If the 

thermal efficiency levels for w x d  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 mthanol f r m  coal w i l l  

ke higher than the current literature suggests. 

Third, the coal-to-mthanol plants achieve l a v  costs per gallon of 

output in part because of their very large sizes. These conceptual 

plants are designed to produce be- 6,500 and 7,300 tons of methanol 

per day. Thus, they are a t  least 3 tifies larger than the largest plant 

aperating today. Since mthanol plants of this scale have never been 

built, engineering scale up problems are inevitable and have been 

recognized (Paul, 1978, pp. 163) . H m v e r ,  such problems do not appear 

to ke reflected in the capital cost estimates for these plants. 

In addition, rrrassive coal-to-mthanol plants pose large financial 

risks because ot their sheer size and cost. For this reason alone, 

financing charges (including prof it) may have to be higher than normal. 

Finally, estimates of the cost for various plant cmpnents (such 

as material handling, oxygen, mthanol synthesis, etc.) appear to be 

significantly under estimted in the literature. This imparts a signif- 

icant damward bias to the projected cost of producing mthanol £ram 

coal. To evaluate the reasonableness of the cost estimates for a 

coal-to-mthanol plant we can ccarrpare these costs to the cost estimates 



BESI received for  a wood-to-nrtthanol system. Only those items which 

exist in both the coal-fed and wood-fed plants can be campared. In 

addition, adjustrrwts must be made to account for  inflation and for 

different v o l m s  of output. This is done in Table 18. 

For example, the &-to-mthanol plant requires an oxygen plant to 

produce 1,000 tons-per-day of oxygen. It w i l l  cost $45 million or  

$45,000 per daily-ton of output. The t m  coal plants require much 

greater amounts of oxygen '(6,000 and 7,300 tons-per day respectively) , 

but even a f t e r  adjustmg for  inflation they are esthaked t o  cost 

$29,000 and $23,840 per daily ton of output. W l e  there are likely to 

be same econwes  of scale a t  larger output levels, the estimated costs 

for  the oxygen plants a t  the coal-to-than01 fac i l i t i e s  seem t o  be mch 

too lcw. A s  Table 18 demnstrates, mst every component in the esti- 

mted costs for  the coal-to-than01 plant appear t o  be tco under- 

estimated. 

Reviewing each of the four concerns raised above--envhnmntal, 

conversion efficiency, scale, and capital  cost estimates-it appears 

tha t  whatever cost advantage a coal-to-mthanol plant may ultimately 

have over a wocd-to-than01 plant it w i l l  be much smaller than reported 

in the l i terature.  Thus, despite the l i m a t u r e ,  there is no reason to 

believe tha t  a Eucalyptus-to-than01 plant located in Central Florida 

can not campete against coal-tol.oethano1 plants. 



Table 18.---Ccarrparative plant costs 
(in 1982 dollars per daily ton of output) 

Evergreen 
esthte for Collieries Collieries 
BESI1s wood- estimate for estimate for 
to-mthanol lignite-to2 coal-to3 

Plant cqnent plant methanol methanol 

Oxygen plant 
Acidgas remval 
ethanol synthesis 
&than01 storage 
Wood gasification 
Plant utilities 
Feed preparation 
Other 

1 Sources: EuergreenEhergy Systems (1982), pp. 18. 

2~llieries Managerrent Corp. (19801, pp. A-8. 

3 ~ i d ,  - p ~ .  A-19. 
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4.0 E n v i r o m t a l  concerns 

Any project of the scale described in this report raises environ- 

nwtal concerns. S c m  of these concerns related to general misgivings 

about any type of developrent act ivi ty while other concerns are mre 

specifically related to the production of methanol from Eucalyptus in 

central Florida. To fac i l i ta te  the analysis of e n v i r o m t a l  matters 

this discussion is divided into three parts: (1) plantation, (2)  

methanol plant, and ( 3 )  use of methanol a s  an a u t m t i v e  fuel. The 

e n v i r o m t a l  impacts of the tissue culture lab is essentially zero 

except in so fa r  a s  it allows us  to rapidly develop the energy planta- 

tion (Wrking lbmrent No. 5, 1982, pp. 9 ) .  

4 .1 Eucalyptus energy plantation 

Wrking C o m t  No. 5, Florida's Eucalyptus Energy Farm & ~ d  

Wthanol Refinery - R w i r o m t a l  Impact Assessrrwt, and Wrking Docu- 

ment No. 6 ,  The Florida Eucalyptus Ihergy F m  Interface with Natural 

EcoSystems address the e n v i r o m t a l  effects of the Eucalyptus energy 

plantation. The discussion below sur r~~l r izes  the research results of 

this work. The Eucalyptus energy plantation is  an intensively planted 

Eucalyptus forest of 70,000 acres which is managed t o  mximize biamass 

yield. As such, the e n v i r o m t a l  impact of the plantation is similar 

in s m  respects to a densely planted pine forest. However, the estab- 

l ishmnt of a forest where none existed tends to improve the overall 

e n v i r o m t  of the area. Of course there are tradeoffs, and the i n i t i a l  

planting and subsequent harvesting are disruptive, but the overall 

e n v i r o m t a l  effects are clearly positive (Wr.Ling Cocunwt No. 5, 

1982, pp. 1). 



An intensive year analysis of a number of Eucalyptus plantings 

in Florida dmnstrated that no significant, detrhtal, enviromtal, 

consequences are m t e d  £ram the establishmnt of a 70,000 acre 

Eucalyptus energy plantation. Proper silvicultural management tech- 

niques are vital to insure cost-effective biomass proctuction, and this 

insures a minimum use of high cost fertilizers, herbicides, or 

pesticides. Eucalypts have no dcmstic insect pests, requke little or 

no fertilizer, and may need herbicides only rarely. Thus, no adverse 

effects on water, soils, air, or animals are expected (Working k c u m ~ t  

No. 5, 1982, pp. 12-13). 

Since we plan to use an intensive silviculture planting with a 

short seven year rotation, soil conditions and possible nutrient losses 

must be evaluated. A Eucalyptus energy plantation does well on these 

scores. First, a major concern in soil consemation is erosion. The 

Eucalyptus plantation will minimize this problem. On.1.y at tha initial 

planting will there be potential for erosion. Thereafter the trees and 

their ground cover will minimize erosion. Since the trees coppice 

(sprout back) fran their stumps, the soil is protected even at harvest 

time. Second, Eucalyptus builds topsoil because of its high detrital 

output. In addition, since Eucalyptus allw substantial light to reach 

the forest floor, the litter undergoes oxidation (Working Docunwt No. 

5, 1982, pp. 13-16). 

Third, nutrient loss is not generally a problem with forest crops. 

Howver, intensive silviculture will increase the nutrient absorption. 

Research indicates that phosphate is the primary nutrient taken up by 

Eucalyptus. Since we plan to utilize reclaimed phosphate mine lands as 



the primry site for th is  project, high phosphate requirerents w i l l  not 

pose a problem (Working Docurrwt No. 5, 1982, pp. 16-20) . 
A f ina l  e n v i r o m t a l  concern about Eucalyptus energy plantation is 

the sel-ion of Eucalyptus itself. It ' is argued that: (1) Eucalyptus 

is an exotic species which m y  rapidly spread producing a "Ehcalyptus 

epidemic," (2) a Eucalyptus energy plantation w i l l  be devoid of wild- 

l i f e ,  and (3)  Eucalyptus leaves w i l l  poison the soil .  Firs t ,  the fear 

of "green cancer" is a legitimate one in Florida which has experienced 

nauxtious invasions of exotics l ike Hydrilla, &llaluca, Brazilian 

Pepper, and Austialian Pine.  Hmever, Eucalyptus has been growing in  

Florida since the 1870s, and it has never proliferated. Indeed, few 

"wildings" could be located a f t e r  an extensive search, and those that  

were found were located close to the i r  source. Finally, BESI1s species 

of choice, Camldulensis does not prcduce viable seed in Florida. The 

seed pods are attacked by a naturally occurring fungus. Through B F S I ' s  

plan for  clonal propagation, the perpetuation of this useful natural 

t r a i t  is insured. Thus, the Eucalyptus energy plantation w i l l  not be a 

source of an epidemic of Eucalyptus (Working Dxummt No. 6 ,  1982, pp. 

9-10). 

Second, existing stands of Eucalyptus in Florida and throughout the 

m r l d  exhibit high natural systems values. A wi6e array of a n k d  l i f e  

can and dces coexist with Eucalyptus (Working l b m n ~ ~ ~ t  No. 6, 1982, pp. 

1 and Appendices I and 11) . 
Finally, SLXE claim that Eucalyptus ~ o i s o n s  the soil. This. mis- 

taken notion ccanes f r m  the allelopathic p r o p r h e s  of Eucalyptus 

leaves. Eucalypts do repress the growth of c a p t i n g  vegetation by 

chemical rreans. This process is effective but short lived. A constant 



supply of new leaf r ~ t e r i a l  is needed t o  M e  allelopathic control 

effective. Extensive f ie ld  studies in Florida denonstrate that  this is 

not a concern (Working Ecumnt  No. 6, 1982, pp. 6-9). 

One l a s t  concern about the energy plantation relates  t o  harvesting. 

A s  described above BESI plans t o  use mechanized procedures for harvest- 

ing (feller-bunchers for stem wood and chippers for  the crams) . Just 

a s  in any forestry operation, there w i l l  be disruption, but it w i l l  only 

occur fo r  short periods. Of greater concern w i l l  be the impact un 

transportation fac i l i t i e s  (roads) . These are unavoidable and w i l l  be 

dealt  with as  necessary (Working Docunwt No. 5, 1982, pp. 40-42). 

4.2 &than01 production fac i l i ty  

The mthanol production fac i l i ty  consists of a large mcd yard, 

heavy industrial  processing equipent  t o  make mthanol from Eucalyptus, 

and storage of finished mthanol A wed yard is a wood yard-noisy a d  

busy. 'he woo9 yard for  the mthanol plant w i l l  be quite similar to 

t h a t  of a paper m i l l .  No  peculiar impacts are anticipated for BESI's 

w x d  yard. 

A s  for  the mthanol plant, it is designed for  and required to meet 

a l l  applicable federal, state, and local standards. In addition, wccd 

is inherently an e n v i r o m t a l l y  clean f eds tock  having almost no sulfur 

o r  other toxic trace elements. Wad looks particularly good ccanpaaed t o  
, 

its foss i l  fuel alternatives. 

Fur themre ,  e n v i r o m t a l  quality and e c o n d c a l  opra t ion  of the 

mthanol . - production fac i l i ty  go hand in hand. The mre eff icient  the 

plant, the lower w i l l  its effluents be (Wrking k c m e n t  No. 5, 1982, 

pp. 46). 



The plant w i l l  produce three effluent streams. r'irst, hydrogen 

sulfide and carbon dioxide gases w i l l  be generated. Hydrogen sulfide 

gas in very mall quantities w i l l  be treated by scrubbing t o  met a l l  

applicable standards. Substantial quantities of carbon dioxide w i l l  

also be produced. S a w  of this w i l l  be absorbed in the green house 

fac i l i ty ,  but the r d d e r  w i l l  be vented t o  the amsphere. Second, 

the plant w i l l  also produce ash. This w i l l  be redistributed to  the 

plantation as a so i l  m d r e n t .  Finally, a substantial flow of waste 

water w i l l  be treated t o  met a l l  applicable standards. 

4 .3  U s e  of mthanol as  a fuel 

It is useful to separate the discussion of util ization issues into 

tm parts: neat methanol and blends of methanol and gasoline. Since 

these tm applidations pose =what different problems, each is dis- 

cussed individually. 

The use of neat mthanol as an auto fuel poses three kinds of 

util ization problems: (1) m t e r i a l  campatibility, (2)  vehicle perfor- 

mance, and (3)  safety. Wthanol is a strong solvent, and it acts on 

ccmmnly used autcmtive materials such a s  plastics, polyester laminated 

fiberglass, epoxies, teflon and cork. In addition, mthanol corrodes 

zinc, steel, aluminum, magnesium, low-tin solders and terne mtal (used 

in the linings of fuel tanks) . Ha~ever, these problems can be readily 

avoided by switchi*.materials both in the vehicles themselves and in 

the methanol delivery system. Hmever, the cost of changing the 

materials a t  risk would be minor. 

The second util ization concern relates to vehicle performance. 

When the temperature is below S O 0 ,  methanol w i l l  not vaporize 



sufficikntly to  allow the engine to start.  Thus, either additives must 

be used or a cold-start device provided. In addition, the carburetor 

must be adjusted to optimize the air/fuel mixture. Three other mdi- 

fications w i l l  enhance performance: (1) an increased ccarrpression ratio 

enhances the thermal efficiency of the engine boosting performance and 

mileage, (2) a larger fuel tank w i l l  capensate for mthanol' s low 

volumtric heat content, and (3 )  mdifications to the intake and exhaust 

manifolds to provide for preheating the fuel which improves h e l / a i r  

dIstributiC,n. 

The third concern is safety. Safety has tcllo aspects to it- 

e n v i r o m t a l  safety and co- safety. The environmental concerns 

pertain to exhaust emissions. Here mthanol fuel performs as well or 

better than gasoline. Using current engine configures with the neces- 

sary carburetor adjus-ts, exhaust emissions frcan mthanol are similar 

to those from gasoline for CO and unburned fuel. Hmever, NOx emissions 

are only half of those for gasoline. Aldehyde emissions are mch higher 

for mthanol than for gasoline, but these are currently unregulated. 

When engines are rrcdified to optimize their use of mthanol, 

significant reductians 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 unburned fuel. 

Consumer safety relates to the toxicity and f i re  hazard posed by 

mthanol. Although mthanol is toxic, it is significantly less toxic 

than gasoline. The f i re  hazard posed by methanol is different in nature 

but the sarne degree as for gasoline. Although mthanol h a s  a higher 

flash pint temperature than gasoline, thus reducing the risk from spill, 



or leak induced f i res ,  mthanol presents a greater risk of explosion 

because of its wider flamability limits. 

The use of n-ethanol as an octane-enhancing blending agent with 

gasoline poses a sanatwhat different s e t  of util ization concerns includ- 

ing: material canpatibility, vehicle p e r f o m c e ,  safety, and phase 

separation. When used as a blending agent a t  concentrations of less 

than 10 percent, methanol poses few problems of material ccpnpatibility. 

In terms of vehicle p e r f o m c e ,  few of the a f i c a t i o n s  required 

for neat rnethanol use are needed for blends of 10 percent or  less. 

HokRver, cold start-up can still be a problem. In addition, the use of 

methanol blends creates a new problem-vapor lock. Since mthanol 

raises the vapor pressure of gasoline; fuel demnds, especially on hot 

days, can not be met readily. This can be corrected by mre careful 

blending and by adjusting the carburetor setting for the air-to-fuel 

ratio. 

The question of safety has already been addressed above. With -- 

blends the s m  argumnts apply except that the positive effects of 

methanol are reduced by the lower level of use in a blend as canpared to  

a neat fuel. 

The f inal  issue is phase separation. This is the mst serious 

obstacle to  using mthanol in blends. Although mthanol is  slightly 

miscable in gasoline, it is highly miscable in w a t e r .  If  small quan- 

tities of water axre in contact. with the blend (0.1 t o  0.5 percent) , the 

water is absorbed by the methanol and in  effect the water extracts the 

n-ethanol frm the blend. This is called phase separation. Since water 

is constzntly present throughout the fuel distribution system, this 



poses a real problem. In add i t i~n ,  mthanol is hygoscopic and absorbs 

water fram the a i r .  

If phase separation does occur, it leads to poor vehicle perfor- 

mance. Corrosion and other materials problems are p rmted .  Additives 

can help amliorate this problem, but they are expensive. Increasing 

the a r m t i c  content of the gasoline is helpful because mthanol is m r e  

soluable in those blends., The best  way to avoid phase separation is to 

avoid water. 

'fUe f inal  h m a e  which mthanol fuel must jump is existing govern- 

mtal regulations. Pkthanol fuels w i l l  have t o  mt requirerrents 

concerning mvet-m~t, distribution and end-use in a m l y  'cost effective 

nanner. The National Transportation Policy Study conmission conducted 

two detailed analyses of the regulatory concerns related to  the supply, 

transportation, safety, and environmental inpacts of mthanol fuels. 

In reviewing these studies Ben&, . (1980, . 223-2261 

fdmtified only bm areas of potential concern for methanol demand: (1) 

emissions standards and (2)  fuel econcRny standards, A s  to  the f i r s t ,  

mthanol will result in lmer emissions than gasoline, so there are no 

apparent problems. However, the EPA must still approve a l l  blends of 

mthanol. Of particular concern is the increase in evaporative 

emissions which can occur in mthanol blends. Waivers and improved 

blends can ~tleet these concerns. 

The second issue relates to fuel economy. Federal fuel e c o n q  

standards are based on gasoline. These standards axe not s t r ic t ly  

applicable to methanol, so scm new rule making would be needed. 

Haever, procedural stress are already in place and no particular 

problem is likely to develop. 



Working lXcwent No. 5 (1982) pp. 68-83 examines these issues in 

greater depth. Briefly, h v e r ,  it is f a i r  t o  say tha t  the Eucalyptus- 

to-nethanol fuel cycle is a relatively benign pathway for  production of 

liquid automtive fuel ccarrpared t o  foss i l  fuels. In addition, the 

wood-to-mthanol route is a renewable energy path. 

5.0 Conclusions 

The outlcbk for gasoline prices through 2000 is for prices rising 

a t  a m s t  10 percent-per-year. Eanestic conservation w i l l  continue 

along is current trend. These t w i n  forces w i l l  push gasoline consump- 

tion d m  fran 7.7 million barrels per day in 1980 t o  4.6 million 

barrels per day by 2000. These trends of rising prices and fal l ing 

demands are eqected to continue through 2020 (U.S. Department of 

Energy, 1982). 

Unlike other energy using sectors of the e c o n q ,  the transporta- 

tion sector must continue to use liquid fuels. Thus, even with conser- 

vation, over 4 million barrels per day of, gasoline o r  its equivalent 

wil l  be consurred through 2020. These trends of r is ing prices and 

extensive demands create an environrrent in which methanol can be 

ccanpetitive. 

&t research indicates t h a t  i f  nrethanol is priced a t  or  below 70 

percent of the price of gasoline it can penetrate the market. C a r p t i -  

tive pressures are l ikely to keep mthanol prices around one-half those 

for gasoline. A t  these price levels we expect significant use of 

naethanol in motor vehicles. Through 2000 it w i l l  be p r k i l y  the f l ee t  

fuel market although m gasoline blending w i l l  occur also. As 



mthanol supplies increase, wider distribution of neat methanol w i l l  

occur. 

Can mthanol produced f r m  wood compete with mthanol produced f r m  

coal? The existing l i terature suggests that  xd can not cmpete with 

coal a s  a mthanol feedstock. Coal is a mre capact form of energy, it 

is concentrated in mre specific locations (mines), and it is priced 

very ccpnpetitively. Conceptual coal-to-methanol plants are estimated to 

produce mthanol a t  around 50 t o  60 cents per qallon, Hcwever, these 

esr9rrates appear to  be extrendy optimistic. Capital costs are under- 

estimated and process r isks ignored. It is  mst unlikely the mthanol 

from a coal plant w i l l  be so irexpnsive. Wre real is t ical ly,  mthanol 

f m  wood can campete i f  the wood base plant is wll designed and w e l l  

located. 

To produce mthanol f r m  Eucalyptus requires three conceptual 

steps : 

(1) the t issue culturing and nursery growth of 7.5 million 

Eucalyptus seedlings per year t o  support the planting program; 

(2) a Eucalyptus energy plantation on 70,000 acres t o  provide 

feedstock to the methanol refinery; and 

( 3 a 1,000 ton-per-day Eucalyptus-to-rr&hmol production 

faci l i ty .  

This integrated approach t o  mthanol production frm a renewable 

resource base reduces overall r isk and insures t h a t  the optimal mixture 

of trees, land, haxvesting, seedlings, and mthanol production w i l l  be 

developed. 



Total cash cost for the project is $350 million distributed over 7 

years u n t i l  the rnethanol plant carries on stream. No further cash is 

needed a t  that  pint. Cash  expnditures can be broken out as  follows: 

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

(2) Eucalyptus energy plantation 92,500,000 

(3) mthanol production fac i l i ty  257,000,000 

to ta l  $350,000,000 

The project'  is projected to be quite profitable. On a af te r  tax 

basis the internal rate-of-return figures (on a discounted, cash, f l m  

basis) are a s  f o l l m :  

(1 1 t issue culture lab and nursery 25% 

(2)  Eucalyptus energy plantation 

(3 )  methanol production fac i l i ty  
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