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EXECUTIVE SUMMARY 

A biomass allocation model has been developed to show the most profitable 

combination of biomass feedstocks, thermochemical conversion processes, and 

fuel products to serve the seasonal conditions in a regional market. This 

optimization model provides a tool for quickly calculating the most profitable 

biomass missions from a large number of potential biomass missions. Other 

components of the system serve as a convenient storage and retrieval mechanism 

for biomass marketing and thermochemical conversion processing data. The 

system can be accessed through the use of a computer terminal, or it could be 

adapted to a portable micro-processor. A User's Manual for the system has 

been included in Appendix A of the report. 

The validity of any biomass allocation solution provided by the allocation 

model is dependent on the accuracy of the data base. The initial data base 

was constructed from values obtained from the literature, and, consequently, 

as more current thermochemical conversion processing and manufacturing costs 

and efficiencies become available from the process development units and 

commercial facilities, and as the prices and availabilities of biomass 

feedstocks, and selling prices and demands for the biomAsS derived fuels 
change with world economic conditions, the data base should be revised. 

Biomass derived fuels included in the ,data base are the following: medium Btu 

gas, low Btu gas, substitute natural gas, ammonia, iiethanol, electricity, 

gasoline, and fuel oil. The market sectors served by the fuels include: 

residential, electric utility, chemical (industrial), and transportation. 

Regional/seasonal costs and availabilities and heating values for 61 woody and 

non-woody biomass species are included. The study has included four regions 

in the United States which were selected because there was both an 

availability of biomass and a commercial demand for the derived fuels: 

Region I ;  NY, WV, PA; Region 11: GA,  AL, MF; Rcgion 111: IN, IL, IA; and 
Region PV: OR, WA. 

L 

Applications of the system include the following: 

a. Calculating the most profitable, regional and seasonal biomass missions; 



b. Studying the overall impact that changes in biomass marketing conditions 

or processing conditions can have on the profit associated with a given 

biomass mission; and . , 

c .  Storing and retrieving biomass characterization, marketing, and 

conversion data. 
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INTRODUCTION 

The purpose of this study was to produce a working biomass 
'8 allocation aptimization model based on thennochemical conversion 

processes and to develop an initial data base for use with the 

model. Optimization is the collective process of finding the set of 

conditions required to achieve the best results for a given 

situation. Computers are often used when the number of variables 

and constraints are so nmerous and cnmplex that it would bc 

impractical to tackle the optimization by hand. In this project 

optimization has been used to produce a computer-oriented tool for 

the energy planner to assist him in determining the most profitable 

allocation of biomass resouces to produce alternative fuels. Other 

situations where optimization has found application because it has 

increased p r o f i t s  include ~chcduling an airlir~e ur fleec of moving 

vans, blending grades of petroleum groducts in a refinery, traffic 

.flow control, and optimization in chemical process control. The 

model shows the most profitable combinations of biomass feedstocks, 

conversion processes, and fuel products to serve the conditions in a 

regional market sector. The computer simplifies the selection of 

the most profitable missi~n from a very I.ar8e number of thcm. 

AG an indication of the large  number of missions, consider the 

biomass mission shown in Table 1-1. The available biomass could 

include numerous woody and non-woody biomass resources. The fuels 

which these resourcs could be converted to would depend on the 

demands of the market sectors. The demands for, and the selling 

prices of the fuels would vary according to market s p c t n t  and 

region. Fuel products would be derived by different thcrmochcuical 

conversion processes and the costs of the products would vary 

according to the efficiencies, configurations of the conversion . 

process, financing, and the costs of the biomass feedstock being 

reacted. For each of these processes and for each biomass, the.re is 

a manufacturing cost and process efficiency which must be considered 

in determining the most profitable biomass allocation. 



TABLE 1-1 

BTONASS MISSIONS CONSIDERED FOR TllE ALLOCATION MODEL 

Market S e c t o r  
E l e c t r i c  Chemical Thermochemical 

Cor~ve r s i  on P roces s  R e s i d e n t i a l  U t . i l i t y  (& I r r d ~ r s t r i a l )  T r a n s p o r t a t i o n  - Hion~ass Derived F u e l  

Ned Iltu Gas 

Low Rtu. Gas 

Oxygen-Blown G a s i f i c a t i o n  X 

Air-Blown G a s i f i c a t i o n  X 

S h i f t  and Elethanat ion 
o f  Med Btu Gas 

S y ~ ~ ' t l r e t i c  N a t u r a l  Gas 

S h i f t  and Ammonia S y n t l ~ e s i s  
v i a  Eled Btu Gas 

S h i f t  and C a t a l y t i c  
Methanol S y n t h e s i s  v i a  
Med Btu  Gas 

E l e c t r i c i t y  D i r e c t  Combustion; Combined 
Cycle  P l a n t  v i a  Low Btu Gas 
o r  Med Btu Gas, o r  Gas 
Turbirre v i a  Methanol X 

Gaso l ine  

F u e l  O i l  

C a t a l y t i c  S y n t h e s i s  From 
Methanol Derived Med 
B t u  Gas 

P y r o l y s i s  o f  Rionrass 



The initial data base which has been developed to demonstrate the 

allocation is based on information available from previous studies. 

For instance, the price information for biomass resouces was derived 

from the SRI "Biomass System Analysis Study. "'l) Non-woody and 

woody biomass availability figures were drived from an EPRI'~) and a 

SRI'~) study. Manufacturing costs for the biomass derived fuels - 

were developed by a computer program with data from  MITRE'^) and 
. . 

~ilbert/~omo~wealt~'~). Fuel selling prices are based on published 

1980 prices escalated to 1985. 

Demand data for the fuels in the various market sectors was also 

derived frQm an SRI'~) study. Provisions have been made in the 

program to upda'te the data base as more and better data become 

available. 

The present study has been limited to four, 2 to 3 state regions in 

the United States. The regions were selected because they contained 

an abundance of biomass feedstock and a high demand 'for the 

converted fuel products. The concept could be expanded to include 

larger regPObs in the United States, or a much larger area such as 

countries in the Americas. 

The biomass sllocaLiur~ model is expected to be used by 'regional or 

national energy planners who must.make decisions concerning the 

optimum use of the available biomass resouces in order to satisfy 

the fuel needs. Another application of the model will he i n  

training the manpower needed to work with biomass. For example, by 

varying the price and availability of a biomass feedstock, or the 

efficiency of a thermochemical conversion process, the student could 

examine the affect it wuuld have on the overall allocation 
optimization. The model can also be used to point out areas where 

data is missing and where there may be a need for additonal 

research. Although the allocation model is now limited to 

thermochemical conversion processes, it could be expanded to include 

bioconversion technologies. For example, as the technology develops 



f o r  conver t ing  hybrid,  p o p l a r  t r e e s  t o  e t h a n o l ,  convers ion 

e f f i c i e n c i e s ,  e t h a n o l  s e l l i n g  p r i c e s ,  and e t h a n o l  demands and 

manufacturing c o s t s  could be added t o  t h e  d a t a  base .  

The importance of having t h e  biomass a l l o c a t i o n  o p t i m i z a t i o n  model 

a v a i l a b l e  e a r l y '  i n  t h e  development of biomass convers ion 

t echno log ies  is  t h a t  t h e  model can be used a s  a  convenient  t o o l  f o r  

s t o r i n g  and u t i l i z i n g  d a t a  on t h e  market and p rocess ing  a s p e c t s  of 

biomass. 

The body of  t h e  r e p o r t  i s  d iv ided  i n t o  s e c t i o n s  f o r  t h e  major t a s k s  

of  t h e  p r o j e c t :  Chapter 2 - Market Ana1ysis;Chapter 3 - 
Thermochemical Conversion Process  Economics, Chapter 4 - Data 

S to rage  and R e t r i e v a l  System, and Chapter 5 - Biomass A l l o c a t i o n  

Model. The Summary and Recommendations a r e  conta ined i n  Chapter 6 , .  

and Appendix A i s  a  "User ' s  Guide" which p r e s e n t s  a  s tep-by-s tep  

guide  f o r  us ing  t h e  model. Volume I1 c o n s i s t s  of  Appendices C 

through E. Appendix B con ta ins  t h e  ' da ta  b a s e s .  Appendix C c o n t a i n s  

a  d e s c r i p t i o n  of t h e  computer programming used i n  t h e  p r o j e c t .  

Appendix D i s  t h e  d e t a i l e d  r e s u l t s  of t h e  biomass thermochemical 

convers ion process  economic a n a l y s i s ,  and Appendix E c o n t a i n s  a  

desc r ip t i .nn  of t h e  l i m i t e d  work which was performed i n  an  a t t empt  t o  

develop thermochemical convers ion e f f i c i e n c i e s  through a p p l i c a t i o n  

of p rocess  models which have been used w i t h  c o a l .  

The work repor ted  i n  Volumes I11 and I V  was c a r r i e d  o u t  under t h e  

same c o n t r a c t  number and i s  devoted t o  c h a r a c t e r i z a t i o n  of biomass 

f G e l s  i n  thermochemical. convers ion environments.  Volume I11 

con ta ins  t h e  r e s u l t s  of  l a b o r a t o r y  s c a l e  biomass c h a r a c t e r i z a t i o n  

work performed by t h e  Department of Chemical Engineer ing a t  West 

V i r g i n i a  U n i v e r s i t y .  Volume I V  con ta ins  t h e  r e s u l t s  of p rocess  

development u n i t  biomass c h a r a c t e r i z a t i o n  work performed by 

~ n v i r o n m e n t a l  Energy Engineer ing,  I n c .  





MARKET ANALYSIS 

OBJECTIVES 

The o b j e c t i v e  of t h e  market a n a l y s i s  t a s k  of t h i s  p r o j e c t  i s  t o  

develop an  i n i t i a l  base  of in fo rmat ion  concerning t h e  market 

c o n d i t i o n s  fo r 'b iomass  feeds tocks  and t h e  f u e l s  which could be 

d e r i v e d  from t h e s e  feedstocks  us ing thermochemical conversion 

p r o c e s s e s .  These d a t a  bases  a r e  t o  be used i n  the computer-based 

biomass a l l o c a t i o n  planning a i d  which w i l l  be capable  of genera t ing  

optimum a l l o c a t i o n  o f  biomass feeds tock  t o  meet given market demands 

for biomass der ived  fue l s .  

Products  of t h e  market a n a l y s i s  t a s k  o f  t h e  s tudy  a r e  a s  fol lows:  

A.  Biomass feeds tocks :  

1. Costs by region and season i n  $/MM ( m i l l i o n )  Btu. 

2 .  A v a i l a b i l i t y  by region and season i n  PlMBtu. 

B .  Biomass Derived Fuels :  

1. Demands by market s e c t o r  i n  MMBtu 

2 .  S e l l i n g  p r c e s  by market r e a c t o r  i n  $ / m t u .  

The f u e l s ,  market s e c t o r s ,  and regions  used i n  t h e  s tudy  a r e  as  

fol lows : 

A. Biomass de r ived  f u e l s :  

1. Low Btu gas ,  

2 .  Medium Btu gas ,  



3. Fuel oil, 

4. Electricity, 

5 .  Synthetic natural gas, 

6. Ammonia, 

7. Methanol, and 

8. Gasoline. 

0 .  'Market sectors: 

1. Residential, 

2. Electric Utility, 

3. Chemicals, and 

4. Transportation. 

C. Regions: 

1. Region I: New York, Pennsylvania, West Virginia; 

2. Region 11: Alabama, Mississippi, Georgia; 

3. Region 111: Ohio, Indiana, Illinois; and ' 

4. Region IV: Washington, Oregon. 

2.2 METHODS 

2.2.1 '. Biomass Prices 

During the first phase of the biomass resource price and 

availability study, a large number of existing publications were 

reviewed for information on the prices'of wood and non-wood biomass 

speciei. Only a small amount of extremely scattered price 
information was found, available. It was decided, t .hercfore,  that 

this scattered information should be correlated and smoothed in some 

w a y .  Otherwise., the results from each feedstock allocation run 

would merely reflect the price and availability uncertainty of the 

input data. Several attempts were made to select price parameters 

based on supply and demand considerations or upon the main 

characteristics of each  t y p e  of material. Finally, since a supply 



and demand model would have been beyond t h e  scope of t h e  p r e s e n t  

s t u d y ,  t h e  f i n a l  s e l e c t i o n  of parameters  was based upon t h e  c u r r e n t  

t r e n d  towards an i n c r e a s i n g  importance of t h e  f u e l  va lue  of wood. 

The g a s i f i c a t i o n  of wood f u e l  o f f e r s  t h e  g r e a t e s t  p o t e n t i a l  f o r  

a p p l i c a t i o n  t o  a  v a r i e t y  of feedstock- to-product  p a t h s ,  and a l s o  

o f f e r s  an economic advantage when app l ied  t o  e x i s t i n g  gas and 

o i l - f i r e d  b o i l e r s .  There fore ,  i n  s e l e c t i n g  parameters  based on f u e l  

v a l u e ,  p a r t i c u l a r  a t t e n t i o n  was given t o  t h e  v a l u e  of t h e  biomass 

f u e l  from a  g a s i f i c a t i o n  p o i n t  of view. For t h i s  reason a  

c o r r e l a t i o n  based p r i m a r i l y  on f u e l  h a n d l e a b i l i t y ,  f u e l  

p r c p a r c a b i l i t y ,  and hcn t ing  voluc  was provided t o  acicesc p r i c e  

d i f f e r e n c e s  between s p e c i e s .  Since  t h e  c o s t s  t o  be generated f o r  t h e  

Biomass A l l o c a t i o n  System a r e  t o  be used f o r  p lanning purposes ,  it 

was decided t o  p r o j e c t  p r i c e s  f o r  t h e  year  1985. 'These d a t a  provide 

a  reasonable  pe r iod  f o r  c o n s t r u c t i o n  us ing t o d a y ' s  convers ion 

t echnolog ies .  

Although much p r i c e  u n c e r t a i n t y  e x i s t s  a t  t h i s  t ime ,  t h e  primary 

o b j e c t i v e  of t h e  p r e s e n t  s tudy  is  no t  t o  genera te  s p e c i f i c  

recommendations, b u t  r a t h e r  t o  b u i l d  a  p lanning t o o l  f o r  f u t u r e  use .  

There fore ,  t h r e e  approaches were uscd and a r c  l i s t c d  a3 fol low:  

a .  I n i t i a l  p r i c e s  f o r  t h e  i n d i v i d u a l  f eeds tocks  were 

aggregated t o  four  genera l  types  - softwood, hardwood, low 

mni s t l i r e  (call111 n s i  c)  materi  a1 , and  h i g h  mnstllre m a t e r i a l .  

b .  P rov i s ion  was made t o  modify t h e  p r i c e  of each species  on 

the b a s i s  o f  i L s  f u e l  va lue .  

c .  A d a t a  base  update program was provided s o  t h a t  t h e  

i n i t i a l  p r i c e  e s t i m a t e s  can be replaced wi th  more r e l i a b l e  

in format ion  dur ing o r  a f t e r  completion of t h e  p resen t  

s tudy .  



Approaches 1 and 2  a r e  needed because t h i s  s tudy i s  being made 

dur ing  t h e  pe r iod  t h a t  biomass m a t e r i a l s  a r e  being p r i c e d  by two 

v a l u e  comparisions,  a s  a  f u e l  and a s  an i n d u s t r i a l  raw m a t e r i a l .  In  

o r d e r ' t o  genera te  c o s t  e s t i m a t e s  dur ing t h i s  pe r iod  both  approaches 

have been combined i n t o  a  s i n g l e  a l g e b r a i c  r e l a t i o n s h i p . .  I n  

r e c o g i t i o n  bf  t h e  f a c t  t h a t  approaches 1  and 2  must e v e n t u a l l y  be 

replaced by averages of a c t u a l  p r i c e s ,  t h e  t h i r d  approach i s  

a v a i l a b l e  and may be used t o  add improved c o s t  e s t imated  a t  any 

time . 

I n  l i g h t  of t h e s e  f a c t s  and a f t e r  completing a  review of t h e  

e x i s t i n g  l i t e r a t u r e ,  t h e  c o s t  d a t a  f o r  wood and a g r i c u l t u r a l  

r e s i d u e s  was found t o  be so  s c a t t e r e d  t h a t  some approach had t o  be 

developed f o r  e s t a b l i s h i n g  an  i n i t i a l  d a t a  base  o t h e r  than  t h e  

d i r e c t  e n t r y  of publ ished d a t a  on punched c a r d s .  The genera l  

approach which was developed may be represented by t h e  fol lowing 

r e l a t i o n s h i p :  

C = a  f(H,P) RAS ( ~ / 8 6 0 0 ) ~  

where, C = feedstock c o s t  ($/MMBtu) 

R = a  c o s t  f a c t o r  ( c u r r e n t l y  between 0 .94 and 1 .12)  which 

i s  based on reg iona l  l a b o r  r a t e s .  

A = a  c o s t  f a c t o r  ( c u r r e n t l y  between 0.95 and 1 .1 )  which 

depends upon reg iona l  a v a i l a b i l i t y  

S = a  c o s t  f a c t o r  ( c u r r e n t l y  between 0.95 and  1 . 1 )  which 

depends upon seasona l  a v a i l a b i l i t y )  

# = a h a n d l e a b i l i t y  index which can t a k e . o n  i n t e g e r  

va lues  between 1  (poor) and 5  (good) 



P = a  p r e p a r a b i l i t y  index which can t ake  an i n t e g e r  

v a l u e s  between 1 and 5 

B = t h e  feeds tock  h e a t i n g  va lue  i n  Btu / lb  on a  d ry  b a s i s  

f  (H,P) = an  e m p i r i c a l  f u n c t i o n  of H and P 

I n i t i a l l y  a  r e l a t i o n s h i p  was used i n  which t h e  va lue  of "a" (an 

average c o s t )  was asswl~ed ia order ti generate an i n i t i a l  d a t a  base .  

This work was c a r r i e d  o u t  p r i m a r i l y  t o  d e v e l o p a t h e  necessa ry  

computer programs and d a t a  f i l e s .  

The approach was t h e n  eva lua ted  on t h e  b a s i s  of t h e  r e s u l t s  

ob ta ined ;  a  te lephone survey was c a r r i e d  ou t  on c u r r e n t  p r i c e s  f o r  a  

s p e c i f i c  m a t e r i a l  (green pulpwood ch ips  d e l i v e r e d ) ;  and t h e  general 
approach was reviewed wi th  r e p r e s e n t a t i v e s  of t h e  U.S. Department of 

A g r i c u l t u r e ,  F o r e s t  S e r v i c e .  A p a r t i a l  l i s t  of t h e  o r g a n i z a t i o n s  

con tac ted  fo l lows :  

o  U.S. Department of A g r i c u l t u r e  

Forest Serv ice  

washing to^^, D . C .  

o  New York S t a t e  Department of Environmental Conservation 

Div i s ion  of Lands and F o r e s t s  

Albany, New York, 

o  M i s s i s s i p p i  F o r e s t r y  Commission 

Jackson,  M i s s i s s i p p i  

o  Georgia F o r e s t r y  Commission 

Macon, Georgia 



o  1nd iana .Div i s ion  of F o r e s t r y  

I n d i a n a p o l i s ,  Indiana 

o  I l l i n o i s  Div i s ion  of F o r e s t r y  

S p r i n g f i e l d ,  I l l i n o i s  

o  Washington Department of Na tura l  Resources 

Olympia, Washington 

A s  a  r e s u l t  of  t h e  survey,  t h e  g e n e r a l  concensus was t h a t  

development of a  c o s t  f i g u r e  f o r  each m a t e r i a l  would n o t  be 

p r a c t i c a l  a t  t h i s  t ime,  and t h a t  c o s t s  should be aggregated f o r  

s p e c i f i c  types  of m a t e r i a l s  and s p e c i f i c  reg ions .  The average c o s t  

f o r  softwood and hardwood ch ips  was found t o  be $18 and $15 p e r  t o n ,  

r e s p e c t i v e l y .  Therefore  t h e  fol lowing average p r i c e s  used by SRI ( 3 )  

were deemed accep tab le :  

Mate r ia l  

Softwood 

Hardwood 

Low Moisture 

High Moisture 

Base P r i c e  (1979 d o l l a r s )  

($ /d ry  ton)  

Although the SRI p r i ce s  are m r e d  in .1977  d o l l a r s ,  t h e r e  appeared t o  

be no p o i n t  i n  conver t ing them t o  1980 d o l l a r s  because of t h e  f a c t  

t h a t  t h e  a c t u a l  wood p r i c e s  were s l i g h t l y  lower than  those  as'sumed 

by SRI f o r  1977. 

The purpose of t h e  f u n c t i o n  f(H,P) i s  t o  in t roduce  c o s t  f a c t o r s '  

which can  be es t imated  on an engineer ing economic b a s i s  and can . 

account f o r  t h e  d i f f e r e n c e s  i n  h a n d l e a b i l i t y  and p r e p a r e a b i l i t y  of 

t h e  feedstock i n  ques t ion .  Based on eng ineer ing  judgement, t h e  

f u n c t i o n  f (H,P)  = 0.267 H O ' ~ P  has been assumed. This  'means t h a t  a  



m a t e r i a l  which would be d i f f i c u l t  t o  handle (H = 1 )  and d i f f i c u l t  t o  

p r e p a r e  (P = 1 )  would (from a  f u e l  va lue  p o i n t  of view) be expected 

t o  be a v a i l a b l e  a t  26 .7  p e r c e n t  of t h e  c o s t  of an .average m a t e r i a l ,  

wi th  H = 3 and P  = 3 ( f o r  which f(H,P) = 1 . 0 ) .  S i m i l a r l y ,  an i d e a l  

m a t e r i a l  may r e q u i r e  no p r e p a r a t i o n  and may have such e x c e l l e n t  

c h a r a c t e r i s t i c s  t h a t  a  f u e l  p r i c e  84 p e r c e n t  g r e a t e r  than  average 

would y i e l d  an  accep tab le  r e t u r n  on t h e  investment.  For such a  f u e l  

H and P would b o t h  have an index of 5. 

I n  a d d i t i o o  t o  t he  index f a r  H, i t  h a s  been assuo~sd t h a t  each 

biomass feeds tock  w i l l  be a  function of i t s  hea t ing  va lue .  A t  t h e  

p r e s e n t  t ime t h i s  index has been assumed t o  be 2 .0 ,  t h e r e f o r e  t h e  

express ion  a s  programmed i s :  

where, a  = t h e  base  p r i c e  f o r  t h e  type of m a t e r i a l  under 

c o n s i d e r a t i o n  i n  l a t e  1979 d o l l a r s .  

111 Lhe absence of s u i t a b l e  c h a r a c t e r i z a t i o n  in format ion ,  va lues  of H 

= 3 and P = 3 were assumed. Also, as  an i n i  t i  a1  ass i~mpt  ion, t he  

va lues  f o r  R ,  A ,  and S  have been assumed t o  be a s  shown i n  Tahbe 

2-1. I t  should L r  uuLed L h a ~  none of rheae t a c t o r s  cause t h e  base 

p r i c e  t o  change s i g n i f i c a n t l y ;  consequent ly ,  a high l e v e l  of p r i c e  

aggrega t ion  has been r e t a i n e d  i n  t h e  i n i t i a l  da ta  base .  

TABLE 2- 1  
COST FACTnR.5 APPLIED TO THE BASE FUEL COSTS 

Regional Seasonal 
A v a i l a b i l i t y  Region Avail ah i  l i  t y  

(%> - A Number R (%> S - 



The h i s t o r i c a l  p r i c e  i n c r e a s e  f o r  woodpulp between 1967 and 1976 has  

been f i v e  t o  e i g h t  p e r c e n t  (approximately 6 .5  p e r c e n t )  r e l a t i v e  t o  

o t h e r  p roduc t s .  However, i n  view of t h e  i n c r e a s i n g  compet i t ion 

which i s  developing a  r e l a t i v e  percentage i n c r e a s e  35 p e r c e n t  

g r e a t e r  than  t h i s  ( i . e . ,  8 .7  p e r c e n t )  has been assumed i n  

c a l c u l a t i n g  t h e  c o s t s  f o r  1985. 

For  more d e t a i l e d  in fo rmat ion  on t h e  g e n e r a t i o n  of t h e  i n i t i a l  d a t a  

b a s e ,  r e f e r e n c e  should be made t o  t h e  d e s c r i p t i o n s  of  t h e  DATGEN and 

FPSTOR programs i n  Appendix C .  The a c t u a l  i n p u t  parameters  a r e  

l i s t e d  i n  Appendix 8. 

Biomass A v a i l a b i l i t y  

Of t h e  energy supply  and demand s t u d i e s  a v a i l a b l e ,  t h e  work c a r r i e d  

o u t  by SRI I n t e r n a t i o n a 1 , w a s  determined t o  be most r e a d i l y  

a p p l i c a b l e  t o  t h e  p r e s e n t  s t u d y .  ( 3 )  

Since t h e  biomass supply  and demand s i t u a t i o n  w i l l  v a r y  w i t h  t ime,  

it was necessa ry  t o  s e l e c t  a  s p e c i f i c  y e a r  f o r  use  i n  b u i l d i n g  t h e  

requ i red  supply  and demand d a t a  base .  The yea r  1985 was s e l e c t e d  i n  

o r d e r  t o  p rov ide  f o r  a  reasonable  c o n s t r u c t i o n  and planning p e r i o d  

p r i o r  t o  use of  a v a i l a b l e  technology.  

Because of t h e  f a c t  t h a t  t h e  o b j e c t i v e  of t h e  s tudy  i s  t o  g e n e r a t e  a  

d a t a  base  f o r  s p e c i f i c  s p e c i e s ,  it was necessa ry  t o   elect a  

procedure  f o r  a l l o c a t i n g  t h e  supply  amounts de r ived  from t h e  SRI 

s tudy  t o  those  s p e c i f i c  s p e c i e s .  

Of t h e  s c e n a r i o s  a v a i l a b l e  from t h e  SRI s t u d y ,  t h e  o p t i m i s t i c  

s c e n a r i o  was s e l e c t e d  i n  view of t h e  f a c t  t h a t  t h e  i n t r o d u c t i o n  of 

t a x  i n c e n t i v e s  and t h e  use of p u b l i c l y  owned f o r e s t  acreage would 

dppear t o  b e  probab le  i n  o rde r  t o  h e l p  achieve t h e  P r e s i d e n t ' s  goa l  

f o r  t h e  g r e a t e r  u t i l i z a t i o n  of s o l a r  energy.  



Given t h e s e  g u i d e l i n e s ,  t h e  a v a i l a b i l i t y  of t h e  wood s p e c i e s  was 

es t ima ted  from t h e  r e s u l t s  of t h e  SRI s t u d y  and from in fo rmat ion  

pub l i shed  by t h e  F o r e s t  S e r v i c e  of t h e  U.S. Department of 

A g r i c u l t u r e .  ( 6 9 7 )  I n i t i a l  non-wood biomass a v a i l a b i l i t i e s  were a l s o  

es t ima ted  i n  a  s i m i l a r  manner from t h e  r e s u l t s  of t h e  SRI s tudy  and 
(2 )  from in fo rmat ion  pub l i shed  i n  an  EPRI s tudy  . 

I f ,  i n  t h e  course  of t h i s  s t u d y  o r  subsequent s t u d i e s ,  i t  i s  

determined t h a t  t h e  i n i t i a l  d a t a  base  should be updated,  then  t h e  

procedure  should  b e  t o  r e v i s e  t h e  ca rd  deck which i s  used t o  

gene'rate t h e  i n i t i a l  d a t a  b a s e .  I n  t h i s  way a  reasonably  smooth se t  

of  i n p u t  d a t a  can b& maintained'  i n  t h e  system a t  a l l  t imes .  

I n  t h e  c a s e  of  t h e  feeds tock  a v a i l a b i l i t y  d a t a ,  no i n p u t  d a t a  

smoothing was c a r r i e d , o u t  dur ing  this st.l.ldy. Such smoothing as  was 

performed i s  i n h e r e n t  i n  t h e  i n p u t  d a t a  a s  a  r e s u l t  of t h e  e d i t i n g  

work c a r r i e d  o u t  by t h e  Rocky Mountain F o r e s t  and Range Experiment 

S t a t i o n ' s  Resources Eva lua t ion  Techniques Program S t a f f ,  .and t h e  - 
f a c t  t h a t  t h e  SRI supply  and demand e s t i m a t e s  were obta ined from an 

economic model. 

Non-Wood ( A v a i l a b i l i t y )  ' 

The i n i t i a l  d a t a  base  f o r  t h e  a v a i l a b i l i t y  of  non-wood s p e c i e s  was 

based upon two sources  -- t h e  SRI I n t e r n a t i o n a l  and t h e  

EPRI s t u d y ( 2 ) .  The t o t a l  p r o j e c t e d  a v a i l a b i l i t y  of t h e  non-wood 

s p e c i e s  was ob ta ined  from t h e  SRI s t u d y ,  whereas t h e  EPRI s t u d y  was 

used t o  o b t a i n  r e l a t i v e  a v a i l a b i l i t i e s .  

The a v a i l a b i l i t y  information by region wan nhtnincd  from t h e  SRI 

s tudy  i n  two s t e p s ,  and t h e  r e l a t i v e  a v a i l a b i l i t y  informat ion by 

s p e c i e s  and season was ob ta ined  from t h e  EPRI s tudy  i n  f o u r  s t e p s  a s  

fo l lows.  For a  d e s c r i p t i o n  of how t o t a l  a v a i l a b i l i t i e s  and 

p r o j e c t e d  a v a i l a b i l i t i e s  a r e  used by t h e  computer program s e e  

Appendix C (Program D e s c r i p t i o n ) .  



Total ~vailabilities 

Step 1: List the non-wood availabilities as published in the SRI 

report. This information is shown in Table 2 - 2 .  

Step 2: Allocate the Table 2 - 2  availabilities to states on a basis 

of their published forest and crop acres so that they can be 

reallocated to GAI regions. This information, which is shown in 

Table 2 - 3 ,  was used as availability input data for the computer 

program. 

Relative Availabilities 

Step 1: List the non-wood availabilities as published in the EPRI 

report. These data are shown in Table 2 - 4 .  This table has been 

named RB (J, I R )  . 

Step 2 :  List the regional availabilities as published .in. the EPRI 

report. This info'rmation is shown in,Table 2 - 5 .  For computational 

purposes this table has been called RM (IS, IR). 

Step 3 :  Calculate the relative availability of each species. 

Step 4 :  having obtained the relative availabilities in the form of 

Table 2-6, they were then converted into the form expected by the 

allocation program, This was acco~nplished by splitting 'Table 2-6 

into a table of percentage availabilties by season as shown in 

Table 2-7 and also into relative availabilities by region as shown 

in Table 2 - 8 .  



TABLE 2-2 

SRI 
Region 

AVAILABLE NON-WOOD BASED ON THE SRI STUDY 

1 (North E a s t )  

2 (Middle A t l a n t i c )  

' 3  (South A t l a n t i c )  

4 (Eas t  South C e n t r a l )  

.5 (East  North C e n t r a l )  

6 (West South C e n t r a l )  

F o r e s t  & 
Crop 

( l o 6  a c r e s )  

Low 
Moisture 

6 (10 t o n s )  

High 
Hois tu re  

6 (10 t o n s )  

7 (West N o r t h c e n t r a l )  202.3 78 2 0 

8 ( P a c i f i c )  86 .1  14 8 

9 (Mountain) 97.1  2 7 5 



TABLE 2-3 

AVAILABLE NON-WOOD ALLOCATED TO GAI REGIONS 

Forest & Low High 

GAI Crops Moisture . Moisture 

State - Region ( l o 6  acres) 6 6 (10  tons) (10  tons) 

New York 2 0 . 3  0  0  

Pennsylvania 1  2 3 . 0  

West Virglnia 12 .9  

Georgia 3 1 . 5  

Alabama 2  26.9 

Mississippi 2 3 . 5  

Illinois 27.5 3 . 0  6 . 0  

Indiana 3  1 7 . 2  1 . 9  3 . 8  

Iowa , 2 8 . 8  1 1 . 1  2 . 8  

Oregon 4 ' 2 8 . 6  5.0 2 . 9  

Washington 26 .5  4.3 2.5 



Number 13.) 

TABLE 2-4 

REGIONAL AVAILABILITIES OF NON-WOOD SPECIES 

FROM THE EPRI STUDY 

Name 

Wheat 

Grain Corn 

Soybeans 

Oats 

p o t a t o e s  

Bar ley  

Sugarbeet  F i e l d  

Grain Sorghum 

Rice  Straw 

Region Number (IR) 
1 - 2 - 3 a - - 3b 4 - 

10 Sugarcane F i e l d  0.0 30.7 0.0 0.0 0.0 

11 Cotton 0.0 9.9 0.0 1.0 14.0 

12 Peanuts 2.0 27.1 2.7 0.. 0 0.2 

13 Bagasse 0.0 9.8 0.0 0.0 0.0 

14 Rye 5 . 2 ,  2 . 3  5.2 8.2 0 . 7  

15 Seed Q ~ a s s e s  0.3 0 . 2 0.3 1.9 6.7 

16 Rice Hul l s  0.0 0.2 0.0 0.0' 0.8 

17 Sugarbeet  Pulp 0.0 0.0 0.0 0.0 0.0 

Note: 3a and 3b a r e  sub-regions  of Region 3 .  They were t a b u l a t e d  i n  t h i s  

way t o  f a c i l i t a t e  convers ion from EPRI t o  G A I  r eg ions .  



Region 

TABLE 2-5 

SEASONAL AVAILABILITIES OF NON-WOOD SPECIES 

FROM THE EPRI REPORT 

Spring Summer Autumn 



TABLE 2-6 

RELATIVE AVAILABILITIES I N  lo6  TONS OF NON-WOOD 

SPECIES BY REGION .?WD SEASON 

Region Number 1 - NY, PA, W 

Wheat 
Grain  Corn 
Soybeans 
Oats  
P o t a t o e s  
Bar ley  
Siigarbeet  - Yield  
Gra in  Sorghum 
Rice  - - S t r a w  
Sugarcane - F i e l d  
Cot ton 
Peanuts  
Bagasse 
Rye 
Seed - ~ r a s s e s  
Rice  - Hul l s  
Sugarbeet  - P ~ i l  p 

Spr ing 

Region Number 2 - GA, AL, MISS 

Spr ing 

Wheat 
Grain  Corn 
Soybeans 
Oats  
P o t a t o e s  

. Bar ley  
Sugarbeet  - F i e l d  
Grain  Sorghum 
Rice  - Straw 
Sugarcane - F i e l d  
Cotton 
Peanuts  
Bagasse 
RY e 
Seed - Grasses 
Rice  - Hul l s  
Sugarbeet  - Pulp 

Summer 

Summer 

Autumn 

Autumn 

Winter 

Winter 



TABLE 2 - 6  (Cont 'd)  

Region Number 3a - ( I l l i n o i s  & Ind iana)  

Spr ing Summer 

Wheat 
Grain Corn 
Soybeans 
Oats 
P o t a t o e s  
Bar ley  
Sugarbeet  .- F i e l d  
Grain  Sorghum 
Rice  - Straw 
Sugarcane - F i e l d  
Cot ton 
Peanuts  
Bagasse 
Rye 
Seed - Grasses  
Rice  - Hul l s  
Sugarbeet  - Pulp 

Region Number 3b - (Ohio) 

Wheat 
Grain Corn 
Soybeans 
Oats 
Po ta toes  
Bar ley  
Suqarboet  - F i e l d  
Grain Sorghum 
Rice - Straw 
Sugarcane - F i e l d  
Cotton 
Peanuts 
Bagasse 
RY e  
Seed - Grasses 
Rice - Hul l s  
Sugarbeet  - Pulp 

Spr ing Summer 

Autumn Winter 

Winter 



TABLE 2-6 (Cont 'd)  

Region Number 4 - .  (Wash, Ora. ) 

Wheat 
Gra in  Corn 
Soybeans 
O a t s  
P o t a t o e s  
Bar ley  
Sugarbeet  - F i e l d  
Grain  Sorghum 
Rice - Straw 
Sugarcane - F i e l d  
Cot ton 
Peanuts  
Bagasse 
Rye 
Seed - Grasses 
Rice  - Hul l s  
Sugarbeet  - Pulp  

Spr ing  Summer Autumn Winter 



TABLE 2-7 

SEASONAL AVAILABILITIES OF NON-WOOD SPECIES FOR G A I  REGION 3 

Species  Percentage A v a i l a b l e  
No. N a m e  - Spr ing  Summer A t  Winter 

45 Wheat 0 2 0 80 0 

46 Grain Corn 0 2 6 7 3 0 

47 Soybeans 0 26 73 0 

48 Oats 0 23 7 7 0 

49 Pota toes  0 3 0 7 0 0 

50 Barley 0 17 8 3 0 

51  Sugarbeet  F i e l d  0 ' 21 7 9 0 

52 Grain Sorghum 0 10 90 0 

.53 Rice Straw 

54 Sugarcane F i e l d  

55 Cotton 

56 Peanuts 

57 Bagasse 0 0 100 0 

58 Rye 0 25 75 0 

59 Seed Grasses 0 0 100 0 

60 Rice Hul l s  0 0 100 0 

61  , Sugarbeet  Pulp 0 0 100 0 



TABLE 2-8 

RELATIVE AVAILABILITY OF NON-WOOD SPECIES 

Species 
No. Name - - ~ype") 

Wheat L 

Grain Corn H 

Soybaan~ L 

Oats L 

Po La toes H 

Barley L 

Sugarbeet (Field) H 

Grain Sorghum H 

Rice Straw L 

Relative Availability 
Region 1 Region 2 Region 3 Region 4 

54 Sugarcane (Field) H 0.00 0.92 0 .00 0.00 

55 Cottdn H 0.00 0.30 0 ; O l  0.26 

57  Bagasse L 0.00 0.26 0.00 0.00 

58 Rye L 0.02 0.08 0.32 0.01 

59 Seed G'rasses L 0.00 0.00 0.03 0.12 

60 Rice Hulls L 0.00 0.00 0.00 0.01 

61 . Sugarbeet Pulp L 0.00 0.00 0.00 0.00 

Note (1): Denotes high or low moisture material 



In order to perform the necessary allocations a FORTRAN computer 

program was written to perform the following steps: 

a. The regional data and species data tables from -the EPRI 

study were named, as follows: 

RM (IS, IR) - regional availability by season and 
region 

RT (J, IR) - species availability data in 10 6 
tons 

- RB (J, IR), - species availability data in 10 12 
Btu 

b. The energy amounts contained in RM (IS, IR) were allocated 

using the energy amounts in RB (J, IR). That is: 

Energy in crop J for a given season and region 

RB (J, IR) = RM (IS, IR) . 17 

i RB(J, IR) 

J= 1 

c. Finally, the Btu values were used to convert the resulting 

energies to biomass availabilities in millions of dry tons 

using the heating values shown in Table 2-7. The results 

are shown in Table 2-9. 

Wood (Availability) 

The initial data base for the wood species availabilities was 
( 3  1' obtained from the SRI Study and from data provided by the U.S. 

( 7  Forest Service . 



TABLE 2-9 

HEATING VALUES OF NON-WOOD SPECIES 

Species  
No. - Name 
45 Wheat 

46 Grain Corn 

Soybeans 

Oats 

P u ~ i  t o e s  

Bar ley 

Sugarbee t ( F i e l d )  

Grain Sorghum 

Rice Straw 

Sugarcane ( F i e l d )  

Cotton 

Peanuts 

Bagasse 

Rye 

Seed Grasses 

Heating Value 
Btu/ lb  

7500 

7500 

60 Rice Hul l s  7000 

6 1 Sugarbeet  Pulp 7500 



The amounts f o r  G A I  regions  were de r ived  from t h e  SRI s tudy  by f i r s t  

a l l o c a t i n g  each SRI r e g i o n a l  amount (shown i n  Table 2-10) . t o  the  

s t a t e s  conta ined i n  t h a t  region on t h e  b a s i s  of t h e  a r e a s  of 

commercial f o r e s t  land and crop l and  repor ted(6)  f o r  those  s t a t e s .  

Then t h e  amounts shown i n  Table 2-11 were ob ta ined  by summing t h e  

c o n t r i b u t i o n s  t o  t h e  GAI region from each s t a t e  i n  t h a t  r eg ion .  

Having obta ined Table 2-11 con ta in ing  t o t a l  a v a i l a b i l i t i e s  from t h e  

SRI s t u d y ,  t h e  U.S. F o r e s t  Serv ice  Dat-a were used t o  a r r i v e  a t  a n  

e s t i m a t e  of r e l a t i v e  a v a i l a b i l i t i e s  f o r  each s p e c i e s .  The r e s u l t s ,  

which a r e  shown i n  Table 2-12, were en te red  i n t o  the  computer system 

on punched c a r d s  ( s e e  Appendix B 2 . 1 )  where they were used i n  t h e  

fol lowing manner. For a  given region t h e  t o t a l  amount was 

c a l c u l a t e d .  Then, t h e  f r a c t i o n  corresponding t o  each s p e c i e s  was 

m u l t i p l i e d  by t h e  corresponding amount conta ined i n  Table 2-11 and 

t h e  h e a t i n g  v a l u e  i n  o r d e r  t o  a r r i v e  a t  an e s t i m a t e  of t h e  energy 

a v a i l a b l e  from each s p e c i e s  i n  MMBtu per  y e a r . .  A s i m i l a r  approach 

was employed t o  develop i n i t i a l  a v a i l a b i l i t i e s  f o r  the. non-wood 

s p e c i e s .  . . 

The purpose of t h i s  a n a l y s i s  i s  t o  genera te  feedstock a v a i l a b i l i t y  

i n p u t  cards  f o r  t h e  program DATGEN which i s  desc r ibed  i n  t h e  

Appendix C .  

. T a b l e  2-12 a l s o  con ta ins  an i n i t i a l  s e t  of h e a t i n g  va lues  f o r  t h e  

wood s p e c i e s .  Any s p e c i e s  f o r  which no pub l i shed  hea t ing  va lue  

e x i s t s  was ass igned t h e  value  of 8600 Btu p e r  l b .  . 

The r e s u l t s  of t h i s  a n a l y s i s  ( i n  card  image fo&) a r e  shown i n  

Appendix B.  



TABLE 2-10 

AVAIIABLE BIOMASS BASED ON THE SRI STUDY 

SRI 
Region 

1 (North East) 

2 (Middle Atlantic) 

3 (South Atlantic) 

4 (East South Central) 

5 (East North Central) 

6 (West South Central) 

7 (West North Central) 

8 (Pacific) 
9 (hountain) 

Forest & 
Crop 

(lo6 acres) 

Wood 
Species 
6 (10 tons) 

TABLE 2-11 

Forest & Wood 

GAI Cru p Species 

Scate 6 6 - Region - 1-10 tons) (10.L t o n o )  

New York 20.3 0.9 
Pennsylvania 1 23.0 1.0 
West Virginia 12.9 2. G 

Georgia 31.5 6.2 
Alabama 2 26.9 10.3 
Pli~Sisslppi 23.5 9.0 

Illinois . 27.5 .O . 7  
Indiana 3 14.1 0.4 
Iowa 28.8 1.4 - 
Oregon 28.6 20.2 
Washington 4 26.5 17.2 



TABLE 2- 1 2  

RELATIVE WOOD SPECIES AVAILABILITIES AND INITIAL HEATING VALUES 

FEEDSTOCK NAME 

OAKS, WHITE ( S , E )  
OAKS, WHITE ( 0 , E )  
OAKS, RED ( S  , E )  
OAKS, RED ( 0 , E )  
HICKORY ( E l  
BIRCH, YELLOW (E) 
MAPLE, HARD (E) 
MAPLE, SOFT (E)  
,BEECH (E)  
SWEETGUM (E) 
TUPELOIB. GUM (E) 
ASH ( E l  
BASSWOOD ( E )  
POPLAR, YELLOW (E)  
COTTONWOOD/ASP. 
WALNUT BLACK (E) 
CHERRY, BLACK (E ) 
HARDWOODS (0 , E )  
ALDER, RED ( W )  
OAK (W) 
HARDWOODS (0, W) 
LONGLEAF/ S P  (E ) 
SHORTLEAFILOB (E)  
PINE,  YELLOW ( 0 , E )  
PINE,  R/W (E) 
PINE, JACK (E)  
SPRUCEIB. F I R  (E)  
*M-,'OC;L( ('E j 

HEMLOCK (W) 
SOFTWOOD (0,  E ) 
PONDERSA/ J .  PINE 
F I R ,  DOUGLAS (W) 
F I R S ,  TRUE (W) 
CYPRUS (E)  
FINE,  SUGAR (W) 
PIhTE, WHITE (W) 
REDWOOD ( W )  
SPRUCE, SITKA ( W )  
ENGELMANN ( + 0  , W) 
WRCH (W) 
CEDAR, RED (W) 
CEDAR, INCENSE (W) 
PINE,  LODGE POLE ( W )  
SOFI'WirOD (0, W) 

RE GI  ONAL -4llOUNT S 
( 1 , 0 0 0  CUBIC FEET) 

1 2 3 . 4  

HEATING 
VALUE 
( B t u l l b )  



2.2.3  Product  F u e l s  

Demand (Product  F u e l )  

15 The t o t a l  demand i n  q u a d r i l l i o n  (10 ) B t u ' s  f o r  each biomass 

de r ived  f u e l  p roduc t  was de r ived  d i r e c t l y  from t h e  SRI(') s t u d y ,  and 

t h e  pe rcen tage  of  t h e  t o t a l  demand which can be expected t o  be 

s a t i s f i e d  by biomass was based on 80 p e r c e n t  of  t h e  r e g i o n a l  and 

seasona l  supply  and o u t p u t  a s  c parametpr which t h e  ucc r  may e a s i l y  

change. 

Having ob ta ined  an i n i t i a l  d a t e  basc i n  t h i s  w a y ,  a computer prngram 

was developed f o r  adding new in fo rmat ion .  

Appendix A of t h e  3 ~ 1  3Ludy'l' c o n t a i n s  end-use demsnd e s t i m a t e s  f o r  

the  reg ions  s e l e c t e d  by SRI. However, t h e  G A I  regions  were s e l e c t e d  

on t h e  b a s i s  of f eeds tock  c h a r a c t e r i s t i c s  r a t h e r  than on t h e  b a s i s  

of t h e  census r e g i o n s .  There fo re ,  t h e  fo l lowing  r e a l l o c a t i o n  method 

was employed t o  app ly  t h i s  product  fue1,demand d a t a  t o  t h e  regions  

Used i n  t h i s  s t u d y .  

a .  AlLocatt? t.hc SRI demand f o r  each 3RI regi.on t o  each s t a t e  

w i t h i n  t h a t  r eg ion .  

b .  Re-combine t h e  r e s u l t i n g  d c ~ k n d  informat ion by adding  he 
demand f o r  each s t a t e  i n  each GAI r eg ion .  

Product demand d a t a  i n  q u a d r i l l i o n  B t u ' s  i s  des igna ted  by r e g i o n . i n  

T a b l e  2-13. 



TABLE 2-13 

TOTAL DEMAND FOR PRODUCTS I N  QUADRILLION BTU'S 

Low 
Btu Nedium P u e l  

Region Gas Btu Gas O i l  E l e c t r i c i t y  SNG Ammonia Methanol Gasol ine  - - 

S e l l i n g  P r i c e s  (Product F u e l s )  

F ree  on board (FOB) s e l l i n g  p r i c e s  of  product  f u e l s  were ob ta ined  

from r e l i a b l e  sources  ( s e e  f o o t n o t e s  f o r  Table 2-14).  P r i c e s  f o r  

1985 were e x t r a p o l a t e d  and were h a l f  t h e  d i f f e r e n c e  between e x i s t i n g  

1980 and p r o j e c t e d  1990 p r i c e s .  The biomass a1 , locat ion model uses  

FOB s e l l i n g  p r i c e s  r a t h e r  than.  r e t a i l  s e l l i n g  p r i c e s  because t h e  

p r o f i t  of a  g iven a l l o c a t i o n  i s  based on t h e  d i f f e r e n c e  between t h e  

manufacturing c o s t  and t h e  s e l l i n g  p r i c e .  The p r o f i t  i s  t h a t  

ob ta ined  by t h e  manufacturer ,  no t  by t h e  middleman and wholesaler  

who s e l l  t h e  product  a t  a  h igher  p r i c e  because o'f t r a n s p o r t a t i o n  

changes and t h e i r  a d d i t i o n a l  p r o f i t .  

Table 2-14 shows t h e  product  s e l l i n g  p r i c e s  f o r  t h e  G A I  r eg ions .  

These a r e  a l s o  shown a s  a  computer p r i n t o u t  i n  Appendix B .  

When p r i c e s  were no t  a v a i l a b l e  (such a s  i n  the  cases  of low and 

medium Btu g a s ) ,  t h e  p r i c e  of t h e  n e a r e s t  e q u i v a l e n t  f u e l  was used 

a s  a  "bid p r i c e "  i n  o r d e r  t o  complete t h e  development of t h e  

computer program. 

Prov i s ions  have been made i n  t h e  program t o  update product  f u e l  

s e l l i n g  p r i c e s .  (See S e c t i o n  4 .0  and Appendix C . )  



TABLE 2-14 

PROJECTED 1985 FOB SELLING PRICES OF BIOMASS DERIVED FUELS 

1985 F.O.B. S e l l i n g  i n  $/MMBTU 

Product  Fuel  
Region 

1 2 3 4 

( a )  Gaso l ine  8.03 7 .90  8.05 8.24 

Methannl (b 1 25.21 14.82 14.45 13-53  

SNG(') 5.04 3.83 4.45 4.69 

E l e c t r i c i t y  (d)  26.38 24.18 25.80 25.79 

Ammonia ( f )  12.62 9.86 11.39 11.08 

Low Btu Gas 5.04 3.83 4.45 4.69 

Medium Btu Gas 5.04 3.83 4.45 4.69 

( a )  C a r o l i n e  rcfinery g a t e  s c l l i ~ ~ g  pr ices  from "Wholesale P r i c e  
Index" d a t a  f o r  February 1980. 

(b) Methanol t e r m i n a l  o r  f a c t o r y  p r i c e s  from June 1980 "Chemical 
Plarketing Reporter"  6/16/80. Pr ice  in 4,000 gallnn tanks, FOB 
producing p o i n t  o r  t e r m i n a l s .  

( c )  SNG wholesale  p r i c e s  from 1979 XGA "Quar te r ly  Report of  Gas 
I n d u s t r y  Operat ion."  

( d l  E l e c t r i c i t y  c o s t  f o r  comparison purposes would be marginal  co s t  
t o  t h e  e l e c t r i c  u t i l i t y .  Source of d a t a  i s  a  paper  by 
W .  M.  McMahon, "The Economics of Large and Small Coal and 
Nuclear P l a n t s , "  p resen ted  t o  t h e  Conference on U t i l i z a t i o n  of 
Small  and Mediur11 Size  Power Reactors  i n  L a t i n  American, 
Montevideo, Uruguay, May 12-15, 1980. F igures  shown a r e  
l e v e l e d  c o s t s  f o r  a  new 400 MW c o a l - f i r e d  p l a n t  w i t h  FGD. Fuel  
p r i c e  was $1.6O/MMBtu. 

( e )  From January 1980 PPI ,  f o r  No. 2 f u e l  o i l  s a l e s  t o  r e s e l l e r s .  

( f )  Terminal  o r  f a c t o r y  anhydrous ammonia p r i c e s  were ob ta ined  from 
a  1980 i s s u e  of "Green Markets,"  a  McGraw H i l l  P u b l i c a t i o n .  , 



2.3 RESULTS 

Data genera ted dur ing t h e  market a n a l y s i s  a r e  p resen ted  i n  

Appendix B .  A t a b l e  of  con ten t s  f o r  Appendix B i s  shown below. 

APPENDIX B 

TABLE OF CONTENTS 

S e c t i o n  Title 

1 .O OVERVIEW 

2.0 INPUT DATA 

2.1 , INITIAL INPUT DATA (FEDAT) 

2.2 ADDITIONAL INPUT DATA (ADDL) 

3.0 CURRENT DATA BASE 

3.1 FEEDSTOCK COSTS AND AVAILABILITIES 

o Summary of Cost  Parameters 

o Feedstock Costs  and A v a i l a b i l i t i e s  by 
Region and Season 

o Product Demands and P r i c e s  

Page 

B-3 

3.2 SYSTEM DATA B-46 

o Secondary and F i n a l  E f f i c i e n c i e s  

o Secondary and F i n a l  Manufacturing Costs 

o Primary E f f i c i e n c i e s  and ~ a u u f a c t u r i n g  Cost3 





3.0  THERMOCHEMICAL CONVERSION PROCESS ECONOMICS 

3.1 OBJECTIVES 

Economic ana lyses  of s e v e r a l  biomass conversion processes  have been 

performed w i t h  t h e  .purpose of genera t ing  i n p u t s  f o r  t h e  biomass 

a l l o c a t i o n  system d a t a  bank. Informat ion from t h e  d a t a  bank i s  used 

t o  execu te  t h e  biomass a l l o c a t i o n  mode'l. I n  f u l f i l l i n g  t h i s  

purpose ,  t h e  fol lowing objectives were s a t i s f i e d :  

o Crea t ion  of a da ta  bank f o r  s t o r a g e  of raw process  economics 

d a t a  p e r t i n c n t  t o  thennochemical Liuruass convers ion Qrocesses 

o Development of a computer program which can use a v a i l a b l e  

fn format lon  on a s p e c i f i c  biomass convers ion p rocess  t o  

e s t i m a t e  t h e  economics of s i m i l a r  process  c o n f i g u r a t i o n s  wi th  

v a r i a t i o n s  i n  e i t h e r  p rocess  o r  f i n a n c i a l  parameters .  

o Execution of t h e  program t o  genera te  c o s t  d a t a  f o r  s e l e c t e d  

biomass de r ived  products  such a s  low Btu g a s ,  medium Btu g a s ,  

s u b s t i t u t e  n a t u r a l  gas (SNG), methanol,  and ammnnia. 

The computer program developed provides  f l e x i b i l i t y  s i n c e  it i s  

capable  of u t i l i z i n g  more recen t  c o s t  d a t a  as  they a r e  developed. 

I f  d e s i r e d ,  a u s e r  may use a l t e r n a t e  methods t o  develop process  

e f f i c i e n c y  and manlrfacturing c o s t  data f o r  u3c i n  t h e  hiurnass 

a l l o c a t i o n  model. 



3 . 2  METHODS 

3.2.1 Approach 

The desire to develop a flexible system for process economics 

analysis, capable of utilizing the best available information on 

biomass conversion, was a key consideration in development of the 

approach. Flexibility is also desirable due to inconsistencies of 

available economic data on biomass conversion systems. Furthermore, 

as subsequent process economics data are developed, they should be 

substituted through a simple operation for the obsolete information. 

The biomass process economics data bank is the information source 

utilized by the process economics model. It contains available 

information on selected biomass conversion systems. The data stored 

include identification codes and references, capital costs, 

operating costs, process parameters (including capacity, capacity 

. factor, biomass type, biomass density, biomass moisture fraction, 

etc.) and base year of the analysis. As new information, developed 

either in-house or by other researchers, becomes available, it may 

easily be substituted for existing information. In addition, the 

data bank may be easily expanded to include other process 

configurations, if desired. 

The process economics model allows the user to determine the 

tcoiiuruics of biomass conversion for process configurations 

characterized in the data bank. The model estimates capital costs, 

operating costs, and product selling costs, by both the Discounted 

Cash Flow (DCF) and Utility Financing 'Method (UFM). The user 

selects the desired process configuration and may designate the 

following parameters: 

o Process parameters: plant capacity, capacity factor, and 

thermal efficiency 



o .Feedstock parameters: biomass type, heating value, moisture 

content, and cost 

o Economic analysis parameters: base year desired (with 

appropriate inflation factors), DCF and UFM financial. 

paramters. 

Additional detail on the estimating procedures employed in the 

process economics model arc g i v e n .  i n  S e c t i n n  3.2.2, Methodology for 

Economic Analysis. 

Having s ~ l p ~ t p d  a n  n v ~ r a l l  approach, it was then implemented by 

sequential performance of the following activities: 

o DtrsigllaLiuu ul: d e s i i . 4  proccss.configuratioas, identification 

of best available process economics data for each 

configuration, and incorporation into the data bank 

o Preliminary parametric evaluation of the process configurations 

to determine those factors having greatest impact on product 

costs. The preliminary investigation also permitted 

i d e n t i  f i  c a t i n n  nf erroneous entries to the data bank and allows 

the users to become more iamillar wlth the process ec6nowics 

computer programs. 

o Final economic evaluation of capltai, operaclng and product 

costs for each configuration, examining in detail those 

parameters having greatest influence on product costs. 

o Bvaluatlon of 6i biomass species in cnch of thc procesc 

configurations to determine manufacturing costs for the biomass 

allocation model. 



3.2.2 Methodology f o r  Economic Analys is  

a .  Data C o l l e c t i o n  and S to rage  

The f i r s t  s t e p  i n  t h e  t a s k  of ana lyz ing  process  economics was 

t o  i d e n t i f y  b e s t  a v a i l a b l e  d a t a  c h a r a c t e r i z i n g  t h e  s e l e c t e d  

p rocess  c o n f i g u r a t i o n s .  Once i d e n t i f i e d ,  t h e  in fo rmat ion  was 

then  e n t e r e d  i n t o  a  d a t a  bank which could be accessed by t h e  

computer program which was used t o  analyze  p rocess  economics. 

A s  an  i l l u s t r a t i v e  example, t h e  d a t a  e n t r y  f o r  an  850 ton lday  

(oven d r y  b a s i s )  Purox/medium Btu gas p l a n t  (4)  i s  shown i n  

Table 3-1. Included i n  t h e  t a b l e  i s  an  exp lana t ion  of t h e  

nomenclature employed. Some c o s t  i tems a r e  r epresen ted  

d i f f e r e n t l y  i n  t h e  d a t a  bank than  i n  t h e  source  r e f e r e n c e .  An 

example from Table 3-1 i s  C(3) ,  0.930 i n  which t h e  c a p i t a l  c o s t  

f o r  gas coo l ing  inc ludes  t h e  c o s t s  f o r  an  e l e c t r o s t a t i c  

p r e c i p i t a t o r ,  compressor, condenser and a i r  s e p a r a t o r ,  each of 

which have s e p a r a t e  c a p i t a l  c o s t s  r epor ted  f o r  them i n  t h e  

source  re fe rence  ( 4 ) .  

Best  a v a i l a b l e  informat ion on each of t h e  s e l e c t e d  process  

c o n f i g u r a t i o n s  was i d e n t i f i e d ,  modified a s  r equ i red  and e n t e r e d  

i n t o  t h e  d a t a  bank. i or-some b u t  no t  a l l  c o n f i g u r a t i o n s ,  on ly  

one s e t  of process  economics d a t a  were i d e n t i f i e d .  

b .  Computer Program f o r  Es t ima t ing  Process  Ecpnomics of 

User-Designated Biomass Conversion Systems 

Execution of t h e  program is  i n i t i a t e d  by t h e  u s e r  s e l e c t i n g  a  

p rocess  c o n f i g u r a t i o n  from t h e  d a t a  bank. The computer p r i n t s  

in fo rmat ion  from the d a t a  bank and permirs  t h e  u s e r  t o  v e r i f y  

o r  modify h i s  s e l e c t i o n .  The u s e r  then i n p u t s  d e s i r e d  p rocess  

parameters  and an a p p r o p r i a t e  i n f l a t i o n  f a c t o r .  Parameters 



TABLE 3-1 

EXAMPLE DATA BANK ENTRY 

I = 2 .  MEDIUM BTU GAS PLANT - 
J = l  Q=lO. 85 X=850.0 

HHV=8500. D=42.40 
MF=O .50 Y=l .OO 
U1=4.22 U2=0.70 
(21.500 0.740=8.000 
0. 0. 0. 

BHP=O . P13=0. 
J=2 Q=21.70 X=1700. 

HJiV=8500. D=42.40 
ME=O .50 .Y=1 .OO 
U1=8 ./I/I u2=1.12 
C=1.710 1.660 12.80 
0. 0. 0. 

BHP=O . P13=0. 

PUROX PROCESS 
SILVA CULTURE BIOMASS FARMS VOL V 
WHITE OAK 
N=0.80 0=0 .20 ETA=O .75 
U3=0.60 MID 1976 

0.930 0. 0. 0. 0. 0. 
0. 0. 0. 1.120 0.300 0.170 
P14=0. B15=0. S16=0. 
SILVA'CULTURE BIOMASS FARMS VOL V 
WHITE OAK 
N=0.80 0=0 .20 ETA=O .75 
U3=0.75 MID 1978 

1.530 0. 0. 0. 0. 0. 
0. 0. 0. 1.800 0.300 0.340 

P14=0. B15=0. S16=0. 

Nomenclature: I = Process Configuration Number 
J = Data entry for a specified value of I 

9 Q = Plant energy output, 10 Btu/day 

X = Biomass feed rate, oven dry ton/day 

HHV = Biomass higher heating value, Btullb 
D = Biomass density, lblft 3 

MF = Eliomac~ moisture fraction 
6 Y = Biomass cost, $110 Btu 

N = Plant capacity factor 
0 = Oxygen/biomass weight ratio 
ETA = Thermal efficiency 

6 U1 = Annual feedstock cost, 10 $/YR 
6 U2 = Annual utility cost, 10 $/YR 

6 U3 = Annual operaring l abor  cosr, 10 $/Yr 

C = Unit Opera~ion Capital Costs, MM$ 
C(1) = ~ioma'ss .preparation C(6) =  as purification 
C(2) = Gasification C(7) = Methanation 
C ( 3 )  = Oxygen p l a n t  C(8) = Gas compression 
C(4) = Gas cooling C(9) = Dehydration 
C(5) = Gas shift C(10) = Methanol synthesis 



TABLE 3-1 (Cont' d) 

Nomenclature : C (1 1) = Ammonia synthesis C(16) = Steam generation 
C(12) = Fuel oil pyrolysis C(17) = Utilities 
C(13) = Combined cycle power plant C(18) = Offsites 

C(14) = Conventional power plant . C(19) = Site improvements 
C(15) = Storage C(20) = M-gasoline process 
BHP = Gas Compression Brake-Horespower, HD 
P13 = Combined Cycle Power Plant Capacity, MW 
~ 1 4  = Conventional Power Plant Capacity, MW 
Bl5 = Storage Capacity, B61 
S16 = Steam generated, lb/hr 



which may be s p e c i f i e d  i n c l u d e  biomass feed  type ,  biomass feed  

h e a t i n g  v a l u e ,  biomass feed  c o s t ,  p rocess  c a p a c i t y ,  c a p a c i t y  

f a c t o r  and thermal e f f i c i e n c y .  The computer uses  a n  e s t i m a t i n g  

p rocedure  t o  approximate t h e  c a p i t a l  c o s t  f o r  t h e  

u s e r - s p e c i f i e d  p rocess  c o n f i g u r a t i o n  based .on c o s t  in fo rmat ion  

from t h e  d a t a  f i l e .  For  example, t h e  c a p i t a l  c o s t  of a  biomass 

g a s i f i c a t i o n  u n i t  would be a d j u s t e d  by t h e  fo l lowing  equa t ion :  

Cost  (Adjus ted)  = Cost (Data Bank) x  , [ Feed Rate (Adjus ted)  I 11 
Feed .Rate (Data Bank) 

The c a p i t a l  c o s t s  of  t h e  o t h e r  p rocess  u n i t s  a r e  c a l c u l a t e d  by 

e q u a t i o n s  of s i m i l a r  form. The r a t i o  of  o t h e r  f a c t o r s  such a s  

p l a n t  o u t p u t ,  s t o r a g e  c a p a c i t i e s ,  and feed d e n s i t i e s  may be 

used f o r  c a p i t a l  c o s t  e s t i m a t e s .  Exponents used i n  t h e  

e q u a t i o n s  va ry  between 0 .6  and 0.85, depending on t h e  

complexi ty  of t h e  p r o c e s s  u n i t .  S e l e c t e d  exponent va lues  a r e  

s t o r e d  a s  c o n s t a n t s  i n  t h e  computer program. The c a p i t a l  c o s t s  

a r e  then  e s c a l a t e d  by t h e  u s e r - s p e c i f i e d  i n f l a t i o n  f a c t o r .  

A f t e r  t a b u l a t i n g  c a p i t a l  c o s t s  t h e  u s e r  may inpu t  s p e c i f i c  d a t a  

on c o s t s  f o r  c a t a l y s t s  and chemicals ,  a s h  removal, and 

p o t e n t i a l  by-product c r e d i t s .  P l a n t  o p e r a t i n g  c o s t s  a r e  then  

c a l c u l a t e d  e i t h e r  by e s t i m a t e  from t h e  d a t a  banlc in fo rmat ion ,  

o r  a s  a  percentage of  c a p i t a l  costs  a s  i s  f r e q u e n t l y  d o n e  i n  

p rocess  economics e v a l u a t i o n s .  The computer p r i n t s  a  c a p i t a l  

c o s t  summary. 

The use r  may then s p e c i f y  f i n a n c i a l  parameters  f o r  c a l c u l a t i o n  

o f  product  c o s t s  by bo th  Discounted Cash Flow (DCF) and U t i l i t y  

F inanc ing  Methods (UFM). Thc b a s e l i n e  f i n a n c i a l  parameters  



given below were used f o r  a l l  computations i n  t h i s  r e p o r t  

wi thout  modi f i ca t ion :  

o  DCF parameters :  

P r o j e c t  l i f e  = 20 y e a r s  

Years of d e p r e c i a t i o n  = 16 y e a r s  

DCF r e t u r n  r a t e  = 10% 

F e d e r a l  income t a x  = 4.8% 

Cons t ruc t ion  pe r iod  = 1.875 y e a r s  

I n t e r e s t  dur ing  c o n s t r u c t i o n  = 10% 

o  UFM parameters :  

P e r c e n t  deb t  = 35% 

I n t e r e s t  on deb t  = 8.5% 

DCF and UFM product  c o s t  equa t ions  f o r  t h e  above f i n a n c i a l  

parameters  a r e  a s  fo l lows:  

DCF Formula :' 

$/MMBtu = (1.0000*NO + 0.2328"TPI + 0.1175*SC + 0.1923+WC))/G 

UFM Formula: 

$/MMBtu = ((10.000/~LIF)*N0 + (C-WC)/PLIF + (C+WC) * 0.0774)/G 

Where : 

SC = S t a r t u p  Costs (SMM) 

WC = Working C a p i t a l  ($iYM) 

NO = F i r s t  Year Operat ing Cost (SMM) 

TPI = T o t a l  P l a n t  Investment ($MM) 

G = Product ion ( T r i l l i o n  B t u l y r )  

C = T o t a l  C a p i t a l  Cost  ($MM) 

PLIF = P r o j e c t  L i f e  (Years)  

A sample computer run i s  shown i n  t h e  .Appendices. 



3 . 2 . 3  Process Configurations Selected for Study 

Process configurations for biomass conversion were limited to 

combustion and thennochemical' processing methods. Aqueous and 

bioconversion processing' techniques such as carboxolysis, bacterial 

digestion, hydrolysis and fermentation were not considered. 

Products considered are as follows: 

medi.11m Rtu gas 

low BLu RP3 

substitute natural gas (SNG) 

ammonia 

methanol 

gasoline 

fuel ail 

electricity 

Brief discussions of the process configurations selected follow for 

each of the designated end products. 

a. Hedium B ~ I J  Gas (MBG) 

A Sehemati~ 111aLeria1s flow diagram for the process is shown in 

Figure 3-1. In this process, wood biomass would be delivered 

by truck to a feed hopper and then fed 60 a harmermill where i r :  

is Chipped to -3 in. The chipped wood is then in jec ted  into 

the oxygen-fed shaft furnace. The oxygen is si~pplied by an 

on-site cryogenic air separation unit that produces gaseous 

oxygen. 

Oxygen enters the furnace through tuyeres near the bottom and 

provides a sufficient thermal driving force to maintain a 

temperature range of 2,900' to 3, 100°F in the partial 

combustion zone. This temperature fuses biomass fuel'ash to a 



molten s l a g  t h a t  g r a v i t a t e s  t o  t h e  bottom of t h e  fu rnace  and i s  

tapped cont inuously .  The r e f r a c t o r y  l i n i n g  is  conta ined wi th in  

a water-cooled s t e e l  s h e l l  and i s  coated p with congealed s l a g .  

Hot combustion gases r i s e  through t h e  descending column, 

decomposing t h e  o rgan ic  m a t e r i a l s  t o  g a s e s ,  l i q u i d s ,  and char .  

The char  and t a r r y  l i q u i d s  pass  down i n t o  a p a r t i a l  combustion 

zone where t h e  reducing atmosphere, r e s u l t i n g  from a d e f i c i e n c y  

of oxygen, conver ts  a l l  carbonaceous m a t e r i a l  p r i m a r i l y  i n t o  

carbon monoxide and hydrogen. I n  t h e  top h a l f  of t h e  fu rnace ,  

t h e  r i s i n g  gas d r i e s  and p r e h e a t s  t h e  charge.  High b o i l i n g  

l i q u i d s  a r e  condensed on t h e  s u r f a c e  of t h e  c o o l e r  s o l i d s .  

The gas produced. i n  t h e  fu rnace  from t h e  combustible p o r t i o n  of 

t h e  wood leaves  a t  400°F near  t h e  top  of t h e  fu rnace .  The 

volume of t h i s  gas i s  only  5 t o  10 p e r c e n t  of t h e  gas volume 

produced i n  a convent ional  combustion p rocess  because of t h e  

absence of n i t r o g e n  and complete combustion. Product ion of 

n i t r o g e n  oxides  is  a l s o  precluded f o r  t h e  same reason..  

The e x i t  gas from t h e  fu rnace  passes  through an e l e c t r o s t a t i c  

p r e c i p i t a t o r  t o  remove condensed d r o p l e t s  of o i l  and t h e  bu lk  

of t h e  remaining f l y - a s h ,  both  of which a r e  recycled t o  t h e  

furnace t o  crack t h e  o i l . t o  gaseous products  and t o  remove t h e  

f l y - a s h  wi th  t h e  molten r e s i d u e s .  The gases then pass  i n t o  an 

a c i d  absorber  where a n e u t r a l i z i n g  s o l u t i o n  removes any H S and 2 
o rgan ic  a c i d  t h a t  may be p r e s e n t .  The s o l u t i o n  of s a l t s  i s  

cont inuously  b led  from t h e  recycled absorbed l i q u i d  and fed  f o  

t h e  fu rnace ,  where t h e  s a l t s  a r e  e l imina ted  wi th  t h e  s l a g .  

Moisture i s  removed from t h e  s a t u r a t e d  gas i n  a condenser.  

The hea t ing  va lue  of  the medium Rtu gas  i . s  on t h e  o r d e r  of  

250 t o  300 Btu/SCF, varying wi th  t h e  biomass feeds tock  and 

p rocess  opera t ing  c o n d i t i o n s ( 4 ) .  Yi th  regard t o  emiss ions ,  t h e  

p rocess  produces a c l e a n  f u e l  gas and s l a g  ash  which i s  u s u a l l y  



disposed in landfill. Contaminants contained in the gaseous 

stream are scrubbed in a series of water sprays and entrained 

tar oils are removed and recycled. From the precipitator, the 

gases pass through a condenser to remove water from the 

saturated vapor. Waste water from the spray scrubber and the 

condenser is reported to be biodegradable and should, 

therefore, not present a disposal problem. .Stack emissions 

from the combustion of the medium-Btu gas are cleaner than from 

burning fuel oil because potential contaminants have been 

scrubbed out. 

b. Low Btu Gas (LBG) 

Low Btu gas is produced from biomass by air fired gasification 

of biomass. As can be seen from Figure 3-2, the only 

difference in the process flow scheme is elimination of the 

oxygen plant and utilization of air to the gasifier 8 .  The 

product gas heating value is about half that of medium Btu gas, 

with a representative value of 140 Btu/SCF assumed. 

The average thermal conversion efficiency of producing MBG 

(75 percent), however, can be 10 to 15 percent higher than that 
of LBG. Therefore, less feedstock is required to produce MBG 

with a heating value equivalent to that of LBG. This greater 

thermal efficiency of an MBG system is offset, however, by the 

lower c a p i t a l  c o s t  associated with a L R G  plant 

AdvanLages u f  low-Btu gasfficatisn of biomass include: 

1. E x i s t i n g  gas and oil-fired h a i l ~ r s  rnl.lld be easily 

converted to low-Btu gas; 

2. Capital cost of low-Btu gasification equipment is low; and 



3 .  Low-Btu gas  i s  a  c l e a n ,  easy- to-use  f u e l  and would 

minimize t h e  expense and problems a s s o c i a t e d  w i t h  

hogged-fuel and c o a l  combustion, s t a c k  emiss ions ,  and 

e f f l u e n t  t r ea tment .  

Some of t h e  d isadvantages  inc lude :  

1. LBG must be used o n - s i t e ;  and 

2.  E x i s t i n g  g a s / o i l  f i r e d  b o i l e r s  would be d e r a t e d  by 

convers ion t o  LBG. 

c .  S y n t h e t i c  Na tu ra l  Gas (SNG) 

( 4 )  SNG i s  produced by methanation of  medium Btu gas . 
F i g u r e  3-3  i l l u s t r a t e s  methanation technology by showing a  

schematic flow diagram i n  which two-thj rds  of t h e  c l e a n  f u e l  

gas from t h e  MBG process  i s  p rehea ted  t o  550°F by h e a t  exchange 

w i t h  t h e  s h i f t - c o n v e r t e r  product  gas  p r i o r  t o  e n t e r i n g  t h e  

c o n v e r t e r .  The o t h e r  one- th i rd  i s  cooled t o  200°F i n  a  

waste-heat  recovery system b e f o r e  combining wi th  t h e  

s h i f t - c o n v e r t e r  product  gas t h a t  i s  a l s o  cooled t o  200°F i n  a  

h e a t  recovery u n i t .  The two-heat recovery u n i t s  produce t h e  

steam needed i n  a  s h i f t  r e a c t i o n .  Following t h e  s h i f t  

r e a c t o r s ,  a  two-stage h o t  potassium ca rbona te  system i s  

employed t o  reduce t h e  CU con ten t  t o  1 .0  p e r c e n t  and remove 2  
t r a c e  amounts of t h e  H2S and COS. One-third of t h e  regenerated 

carbonate  s o l u t i o n  e n t e r s  midway i n  t h e  absorber  and flows 

c o u n t e r c u r r e n t  t o  t h e  gas  s t ream removing t h e  g r e a t e r  p a r t  of t h e  

C02 i n  t h e  lower h a l f  o f  t h e  absorber .  

The c l e a n  gas i s  then passed through s u l f u r  guard v e s s e l s  

con ta in ing  s p e n t  methanation c a t a l y s t  t o  remove t r a c e  amounts 

of s u l f u r  compounds. The h e a t i n g  v a l u e  of the  gas i s  inc reased  

t o  950 Btu/SCF by r e a c t i n g  H2 wi th  CO i n  the presence o f  a 



nickel catalyst in a fixed-bed adiabatic reaction to form CH4 

and H20 by methanation. The product gas stream leaving the 

methanator at 900°F is cooled to 100°F in a series of product 

gas coolers. Following cooling, product gas flows to a 

triethylene glycol dryer to reduce the mixture to the trace 

amounts specified by pipeline transmission companies. 

Converting LYBG to ammonia requires conversion of the syngas t~ 

essentially a 100 percent hydrogen stream. The technology to 

achieve this is well establi.shed a n d  w i d e l y  practiced. The 

challenge in ammonia synthesis is to obtain hydrogen at least 

cost. 

In a process for ammani a  prniiiirt inn, shnwn in Figure 3-4, tho 

synthesis.gas is compressed to 200 psi and then fed to the gas 

purification system, where any H S present and carbon dioxide 2 
are removed. The cleaned gases together with an excess of 

steam are then fed to a shift converter where an iron oxide 

catalyst is used to reduce carbon monoxide to less than 

one percent by means of the w a t e r - g a s  reac t ion :  

The earbon dloxrde 1s again removed and a final cleanup of 

residual carbon ho~~oxide (to less than 10 ppn) is accomplished 

by washing the gases with a solution of ammoniacal cuprous 

formatc. Aftcr purifieation, nitrogta is ddded Lu a H/N ratio 

of 3 / 1 .  The mlxture is corny~.essed Cu reacLion pressure 

(300 atm) and fed to the ammonia synthesis unit where the 

following reaction occurs. 



The a i r  s e p a r a t i o n  f a c i l i t y  p rov ides  an  ample supply  o f  

n i t r o g e n  f o r  ammonia p roduc t ion .  

A t  t h e  i n l e t  t o  t h e  ammonia s y n t h e s i s  r e a c t o r ,  t h e  f r e s h  f eed  

is jo ined  by a  r e c y c l e  s t r eam of unconverted n i t r o g e n . a n d  

hydrogen. Within t h e  r e a c t o r  system, h e a t  exchangers ' r a i s e  t h e  
- 

t empera ture  o f  t h e  f eed  gases  t o  approximate ly  4 7 5 O C .  The 

ammonia r e a c t o r  c a t a l y s t  i s  b a s i c a l l y  i t o n  oxide  enhanced by 

sma l l  a d d i t i o n s  of aluminum, potassium;calcium, and magnesium 

ox ides .  The gases  l e a v i n g  t h e  r e a c t o r  a r e  cooled  and some 

ammonia l i q u e f a c t i o n  occu r s .  P a r t  o f  t h e  gas  i s  purged and 

used a s  f u e l  t o  c o n t r o l  t h e  l e v e l  of  d i l u e n t s  such a s  n i t r o g e n ,  

a rgon,  and methane. The convers ion  o f  ammonia p e r  s y n t h e s i s  

p a s s  1s approximate ly  20 p e r c e n t  and t h e  o v e r a l l  y i e l d  w i t h  

r e c i r c u l a t i o n  could approach 90 p e r c e n t  of  t h e o r e t i c a l  
(6) y i e l d  . 

The p roduc t  l e a v i n g  t h e  s y n t h e s i s  r e a c t o r  system i s  i n  t h e  form 

o f  anhydrous ammonia s u i t a b l e  f o r  s t o r a g e .  Anhydrous ammonia 

i s  r e a d i l y  l i q u e f i a b l e  a t  moderate p r e s s u r e s  and t empera tu re s ,  

abou t  175 p s i  a t  room t empera tu re ,  and is  commonly marketed a s  

liquid ammon.ia. . 
A s  compared w i t h  o t h e r  chemical  p r o c e s s e s ,  ammonia s y n t h e s i s  i s  

a r e l a t i v e l y  d e a n  o p e r a t i o n .  No s o l i d  m a t e r i a l s  are produced 

a s  was te  s o  t h e r e  is  no p a r t i c u l a t e  emiss ion  problem i n  gas  

s t r eams .  The main was te  p roduc t ,  carbon d i o x i d e ,  is  g e n e r a l l y  

n o t  regarded  a s  an  u n d e s i r a b l e  emiss ion  and can t h e r e f o r e  be 

r e l e a s e d  t o  t h e  atmosphere.  The was tes  t h a t  can be of  main 

couceru a re  uriuur i l l r p u r i t i r ~  such a s  t h e  s l i l l u r  t h a t  iiiay be 

p r e s e n t  i n  t h e  s y n t h e s i s  gas  and l e a k s  o r  s p i l l s  of  t h e  p roduc t  

ammonia i t s e l f .  However, biomass-derived s y n t h e s i s  gas should  

c o n t a i n  minimal amounts of  s u l f u r .  



A v a r i e t y  of  technology is  a v a i l a b l e  t o  c o n v e r t  MBG t o  

m e t h a n 0 1 ' ~ ) .  I n  t h i s  a n a l y s i s ,  t h e  ICI low-pressure methanol 

p r o c e s s  i s  cons ide red .  A f low diagram i s  shown i n  F i g u r e  3-5. 

S y n t h e s i s  gas  is c l eaned ,  compressed, and then  pas sed  through , 

t h e  s h i f t  r e a c t o r  t b  a d j u s t  t h e  H2/C0 r a t i o .  I n  t h i s  c a s e ,  t h e  

.gas need n o t  be d e s u l f u r i z e d  p r i o r  t o  e n t e r i n g  the  s h i f t  

r e a c t o r  s i n c e  a s u l f i d e d  c a t a l y s t  i s  used. The s h i f t e d  gas  

goes t o  t h e  p u r i f i c a t i o n  system a f t e r  was te-hea t  r ecove ry ,  

where a  hb t - ca rbona te  s c rubb ing  system i s  used t o  remove 

s u l f i d e s  i n  t h e  gases  down t o  10 ppm, and t o  remove CO down t o  2 
7 p e r c e n t ,  s o  t h a t .  a  r a t i o  of  H2/(C0 + 1.5 C02) - 2.05 i n  

p r o d u c t  gas can be achieved.  Regenera tor  o f f - g a s  would 

normal ly  go t o  a  s u l f u r  recovery  system where , abou t  9 7  p e r c e n t  

o f  t h e  s u l f u r  can be recovered  i n - e l e m e n t a l  £ o m .  This  s t e p  

would be omi t t ed  i n  t h e  c a s e  o f  biomass f e e d s t o c k .  

The p ~ i r i f i e d  gas i s  then  passed  through an i r o n  sponge drum and 

a s u l f u r  guard drum t o  remove t r a c e s  of  s u l f u r .  Following t h e  

guard drui~~s ,  Lhe gas,  which i s  e s s e n t i a l l y  . s u l f u r l e s s ,  i s  

compressed from about  385 p s i a  t o  1500 p s i 3  ~ n d  combined w i t 1 1  

r ecyc led  gas  t o  pas s  through a f ixed-bed c a t a l y t i c  

( h i g h l y - a c t i v e  copper c a t a l y s t )  c o n v e r t e r  t o  produce  crude  

methaaul .  The methanol i s  condcns~d and separated from t h e  

unt.rcatrd g a s ,  which 1s r ecyc led  t o  che c o n v e t t e r .  The 

p r p s s u r e  i s  t h e n  reduced, aud d i s s o l v e d  gases  a r e  f lu shed  o f f  

from t h e  crude  methanol .  Some of  t h e  f l a s h  gas i s  purged f a r  

u s e  a s  a  f u e l  i n  o r d e r  t o  c o n t r o l  t h e  c o n c e n t r a t i n n  of  i n e r t  

components i n  t h e  c o n v e r t e r  system. The crude  methanol i s  

p u r i f i e d  by d i s t i l l a t i o n  t o  produce fue l -g rade  methanol .  

L i k e  ammonia, methanol s y s n t h e s i s  i s  a  r e l a t i v e l y  c l e a n  

o p e r a t i o n .  No s o l i d  m a t e r i a l s  a r e  produced a s  waste s o  t h e r e  

' i s  no p a r t i c u l a t e  emiss ion  problem i n  gas s t r eams .  A waste . 



produc t ,  carbon d i o x i d e ,  i s  g e n e r a l l y  n o t  regarded  a s  an  

u n d e s i r a b l e  emiss ion  and can,  t h e r e f o r e ,  be r e l e a s e  t o  t h e  

atmosphere,  i f  it is  n o t  o the rwise  recovered  a s  a s a l a b l e  

, p roduc t .  The was tes  t h a t  can  be of  main concern  a r e  minor 

i m p u r i t i e s  such a s  t h e  s u l f u r  t h a t  may be p r e s e n t  i n  t h e  

s y n t h e s i s  gas  and l e a k s  and s p i l l s  of  t h e  p roduc t  methanol 

i t s e l f .  However, wood-derived s y n t h e s i s  gas  should  c o a t a i n  

i n c o n s e q u e n t i a l  amounts of  s u l f u r .  

f .  Gasol ine  

App l i ca t ion  of  technology developed by ~ o b i l " )  can conve r t  

biomass d e r i v e d  methanol t o  a  h igh  o c t a n e  unleaded g a s o l i n e .  

The a d d i t i o n a l  p r o c e s s i n g  s t e p s  r equ i r ed  a r e  i l l u s t r a t e d  i n  

Figure  3-6.  

Crude methanol i s  vapor ized  and f lows d ime thy le the r  (DME) 

r e a c t o r s  where i t  is  c a t a l y t i c a l l y  conver ted  t o  an e q u i l i b r i u m  

mixture  of  d ime thy le the r ,  methanol ,  and wa te r .  The o p e r a t i n g  

cond i tons  a r e  300 p s i g  and 600°F. The mixture  then  f lows t o  

f i v e  p a r a l l e l  r e a c t o r s  where c a t a l y t i c  convers ion  t o  M-Gasoline 

o c c u r s .  A r e c y c l e  s t r eam from phase s e p a r a t i o n  i s  exchanged 

a g a i n s t  t h e  r e a c t o r  e f f l u e n t ,  and i s  in t roduced  a long w i t h  DME 
r e a c t o r  e f f l u e n t  i n t o  t h e  convers ion  r e a c t o r s .  The r e c y c l e  

s t r eam c o n t r o l s  t h e  tempera ture  of  t h e  highby exothermic 

r e a c t i o n  i n  t h e  conve r s ion  r e a c t o r s .  The e f f l u e n t  s t ream i s  

cooled f u r t h e r  by p r e h e a t i n g  b o i l e r  f eed  water  and a i r , c o o l i n g  

and f lows t o  phase s e p a r a t i o n  where t h e  hydrocarbons and water  

a r e  s e p a r a t e d .  The water  i s  s e n t  t o  waste water  t r e a t m e n t  f o r  

t r ea tmen t  and d i scha rge .  The hydrocarbons flow through a n  

a b s o r b e r ,  s t r i p p e r ,  and depen tan ize r  f o r  f r a c t i o n a t i o n  i n t o  a  

f u e l  gas  s t r eam,  an o l e f i n i c  s t r eam,  and a g a s o l i n e  b l end ing  

s t ream.  The o l e f i n i c  s t ream i s  depropanized due t o  t h e  sma l l  . 
q u a n t i t y  o f  propylene a v a i l a b l e  f o r  a l k y l a t i o n ,  and t h e  bu tenes  

and pentenes  a r e  a l k y l a t e d  i n t o  a d d i t i o n a l  l i q u i d  product  i n  



t h e  a l k y l a t i o n  p l a n t .  The a l k y l a t e  is blended wi th  the  

g a s o l i n e  stream and r e s u l t s  i n  a  92 resea rch  octane  ( c l e a r )  

product  s u i t a b l e  f o r  use d i r e c t l y  o r  f o r  b lending wi th  

petroleum der ived gaso l ine .  

g. Fuel  O i l  

F igure  3-7 i s  the  schematic flow d i a q r a ~  of the proccss  which 

has  been used a s  t h e  t i p s i s  for compiling c n s t  d a t d 4 ) .  Biomac~ 

feeds tock  i s  d e l i v e r e d  t o  a  l i v e - s t o r a g e  hopper and then t o  a  

r o t a r y  k i l n  type d r i e r  t o  reduce the .mois tu re  con ten t  t o  about 

Lhree percenc.  The d r i e d  feedstock then passes  t o  a  shredder  

'Which reduces the  chip  s i z e  t o  about minus 10 mesh, the  

e q u i v a l e n t  of a f i n e  sawdust. This  m a t e r i a l  is  mixed wi th  

recycled s o l i d s  from. a  char  burner a t  a  weight r a t i o  of about 

f i v e  t o  one,  c h a r . t o  wood, and t h e  mixture c a r r i e d  i n t o  a  

v e r t i c a l  t r a n s p o r t  r e a c t o r  by recycled product gas.  Rapid 

mixing occurs  wi th in  t h e  r e a c t o r  a s  t h e  suspension passes  

upward u n d ~ r  t u r b u l e n t  f l o w .  This oehieves high heal;-Lransfer 

r a t e s  w i t h i n  t h e  mixture dur ing a  very s h o r t  res idence t ime,  

which minimizes excess ive  thermal degradation. of the  m a t e r i a l s  

and maximizes l i q u i d  y i e l d .  

Mate r i a l  leaves  the  p y r o l y s i s  r e a c t o r  and passes through a  

cyclone s e p a r a t o r  t o  remove t h e  char .  Excess c h a t  t h a t  i s  o.ot 

recycl,cd t.o the r e a c t o r  can be said a s  a p r o d u c . ~ ,  o r  f a i l i n g  

t h i s  disposed of  as  l a n d f i l l .  

O u t l e t  gases form t h e  quench system a r e  cooled t o  180°F. h 

p o r t i o n  of t h e  cooled and cleaned gas i s  heated by a process  

h e a t e r  and used t o  c a r r y  feed m a t e r i a l  i n t o  the  f l a s h  p y r o l y s i s  

r e a c t o r .  The remainder of t h e  gases a r e  burned i n  t h e  process  

h e a t e r  t o  hea t  the  c a r r i e r  gases.  These p y r o l y s i s  gases have a  

h e a t  con ten t  of approximately 200 t o  300 S t u  per  s c f ,  and 

should supply s u f f i c i e n t  hea t  t o  e l imina te  the  need f o r  



a d d i t i o n a l  f u e l .  The combustion a i r  may be drawn from the  wood 

d r y e r  a s  a heat  recovery measure, i f  warranted.  Heat exchange 

wi th  o t h e r  process  streams lowers. t h e  temperature of t h e  

combustion products down t o  350°F. These gases a r e  then passed 

through a s u i t a b l e  clean-up device ,  such a s  a bag f i l t e r ,  

b e f o r e  being discharged t o  t h e  atmosphere. 

h. E l e c t r i c i t y  

Seven a l t e r n a t i v e s  were evaluated f o r  genera t ion  of e l e c t r i c i t y  

from biomass feedstocks .  These a l t e r n a t i v e s  a r e  summarized i n  

Table  3-2. The f o u r  power systems employed (conventional .  gas 

f i r e d  power p l a n t s ,  combined-cycle power p l a n t s ,  gas t u r b i n e ,  

and d i r e c t  combustion s t eam-e lec t r i c  p l a n t )  a r e  descr ibed 

below. 

(h-1) Conventional Power P l a n t  

The conventional  power p l a n t  produces e l e c t r i c i t y  from 

biomass. A flow schematic i s  shown i n  Figure  3 - 8 .  The 

power system c o n s i s t s  of a steam generator  ( b o i l e r ) ,  steam 
( 5  1 t u r b i n e ,  and power t ransmiss ion equipment . Fuel  g a s ,  

e i t h e r  LYBG o r  LBG produced from biomass i s  f i r e d  i n  the  

b o i l e r  t o  produce steam. The low s u l f u r ,  low n i t r o g e n  

f u e l  gases e l imina te  the  need for  s t a c k  gas t r ea tment .  

High p ressure  steam produced i n  t h e  b o i l e r  i s  used t o  

d r i v e  the  steam t u r b i n e  which produces e l e c t r i c a l  power. 

The power t ransmiss ion system d i s t r i b u t e s  e l e c t r i c i t y  t o  

consumers. 

(h-2) Combined Cycle Power P l a n t  

Biomass derived MBG, LBG and methanol were analyzed f o r  

producing e l e c t r i c i t y  i n  combined cycle  power systems (5 ) 

A process  flow schematic of  the combined cyc le  power 

system is  shown i n  Figure  3-9. 



Biomass d e r i v e d  XBG, LBG, o r  methanol a r e  s e n t  t o  t h e  

combined c y c l e  f a c i l i t y  where compressed a i r  and f u e l  a r e  

f i r e d  i n  t h e  combustion chamber of  t h e  gas  t u r b i n e .  The 

h o t  combustion gases  a r e  t hen  expanded through t h e  t u r b i n e  

t o  g e n e r a t e  e l e c t r i c a l  power. The exhaus t  from t h e  gas  

t u r b i n e  i s  used f u r t h e r  t o  g e n e r a t e  h i g h  p r e s s u r e  steam i n  

a n  u n f i r e d  b o i l e r  b e f o r e  be ing  s e n t  t o  t h e  s t a c k .  The 

h i g h  p r e s s u r e  steam d r i v e s  a steam t u r b i n e  t o  g e n e r a t e  

a d d i t i o n a l  e l e c t r i c a l  power. The i n t e r m e d i a t e  p r e s s u r e  

exhaus t  steam from one of  t h e  s t a g e s  of  t h e  steam t u r b i n e  

i s  used a s  g a s i f i c a t i o n  p rocess  steam. The C02 and H20 i n  

the MBG and LDG gases  f ed  t o  t h e  gas Curbiue combustor 

a s s i s t  i n  reducing  NOx i n  t h e  combustion g a s e s ,  by 

r educ ing  combustion t empera tu re .  

(h-3) Gas Turbine  

U t i l i z a t i o n  of biomass d e r i v e d  methanol i n  a gas  t u r b i n e  

t o  product? p l p r t r i r i t y  ass~ imes  applicati~u 3f  a campla 

c y c l e  gas  t u r b i n e  and power gene ra t ion /c ransmis s ion  

f a c i l i t i e s .  A process  f low diagram i s  shown i n  

F i g u r e  3-10. Biomass de r ived  methanol is  combusted and 

t h e  combustion product  gases  expanded through t h e  gas 

t u r b i n e .  The t u r b i n e  d r i v e  i s  used t o  g e n e r a t e  

e l e c t r i c i t y .  

(h-4) D i r e c t  Biomass Combustion 

Th i s  c o n f i g u r a t i o n  burns  biomass a s  a f u e l ,  u ses  t h e  h e a t  

of  combustion t o  produce steam, and conve r t s  t h e  s team t o  

e l e c t r i c i t y  i n  steam t u r b i n e s  and g e n e r a t o r s ( 4 ) .  A 

p r o c e s s  flow diagram i s  shown i n  F i g u r e  3-11. The 

wood-firad ~ l c c r . r i c  power g e n e r a t i n g  p l a n t  c o n s i s t s  of 

f i v e  equipment groups:  t h e  s t anda rd  f ron t - end  

wood-handling equipment,  t h e  b o i l e r  p l a n ,  t h e  steam 



t u r b i n e  p l a n t ,  t h e  e l e c t r i c  g e n e r a t i o n  p l a n t ,  and power 

t r ansmiss ion .  Appropr ia te  suppor t  f a c i l i t i e s  a r e  a l s o  

inc luded .  

The biomass feeds tock  i s  s u b j e c t e d  t o  v i b r a t o r y  sc reen ing  

b e f o r e  combustion t o  s e p a r a t e  o u t  f i n e s  and sand.  The 

f i n e s  a r e  f ed  s e p a r a t e l y  t o  t h e  combustion zone above t h e  

t r a v e l i n g  g r a t e  where they  a r e  burned i n  suspension.  

S e p a r a t e  f eed ing  of f i n e s  ensures  a  uniformly-s ized f u e l  

f e e d ,  and,  consequent ly ,  uniform combustion on t h e  

t r a v e l i n g  g r a t e .  The h e a t  r e l e a s e  f o r  t h i s  type  of 

f u r n a c e ,  equipped wi th  a  t r a v e l i n g  g r a t e ,  can range from 

750,000 Btu p e r  s q  f t  p e r  hour t o  over  1,000,000 Btu p e r  

s q  f t  p e r  hour.  

No d ry ing  occurs  f o r  t h e  feeds tock  p r i o r  t o  combustion, 

s i n c e  s a t i s f a c t o r y  combustion can be achieved wi th  

50-percent  mois ture-content  f eeds tock .  V a r i a t i o n s  i n  

mois ture  c o n t e n t  of  t h e  f u e l  can a f f e c t  t h e  steam o u t p u t  

o f  a  s p e c i f i c  b o i l e r ,  b u t  t h i s  may be considered t o  be 

l e s s  of a  problem than  o p e r a t i n g  hogged-wood d r i e r s .  

The steam t u r b i n e / e l e c t r i c a l  g e n e r a t i o n  equipment i s  

convent ional  and can be s e l e c t e d  t o  meet t h e  p a r t i c u l a r  

requirements ,  a l though i n  t h e  c u r r e n t  s t a t e - o f - t h e - a r t  of 

wood-fired power p l a n t s  t h e  t u r b i n e  o p e r a t e s  ,at lower 

steam p r e s s u r e s  and temperatures  ( e - g . ,  1 ,000 p s i g  a t  

1000°F wi th  p o s s i b l e  r e h e a t )  than  do modern h igh-capac i ty  

c o a l - f i r e d  u t i l i t y  power p l a n t s  ( e . g . ,  3 ,500 p s i  and 

l,OOO°F wi th  l,OOO°F r e h e a t ) .  

3 . 2 . 4  P re l iminary  Analys is  

The economic a n a l y s i s  procedure was developed t o  p rov ide  i n p u t s  on 

p rocess  convers ion e f f i c i e n c i e s  and product  manufacturing c o s t s  t o  



the  biomass a l l o c a t i o n  model f o r  61 s e l e c t e d  biomass s p e c i e s .  While 

b a s e l i n e  economic d a t a  f o r  t h e  s e l e c t e d  p rocess  c o n f i g u r a t i o n s  were 

being assembled, p re l iminary  t e s t i n g  o f  t h e  p rocess  economics model 

was performed. The p re l iminary  t e s t i n g  provided a  crude paramet r ic  

a n a l y s i s  of t h e  v a r i a b l e s  which i n f l u e n c e  product  c o s t s  f o r  each of 

t h e  p rocess  conf igura tons .  Four v a r i a b l e s  have pronounced e f f e c t s  

on p roduc t  c o s t s :  p rocess  c a p a c i t y ,  p rocess  thermal e f f i c i e n c y ,  

biomass feeds tock  c o s t ,  and biomass h e a t i n g  v a l u e .  The assignment 

of v a l u e s  t o  t h e w  four key v a r i a b l e s  f o r  t he  purpose of developing 

i n p u t s  was based ou the follo~ing r a t i o n a l p .  

As process  c a p a c i t y  i n c r c a 3 c s ,  product ion cosLs decrease .  S e l e t t i o n  

of a  reasonable  p rocess  c a p a c i t y  i s  d i f f i c u l t .  A base  p rocess  

c a p a c i t y  of 750 oven d r y  t o n  p e r  day was s e l e c t e d ' f o r  a l l  p rocess  

c u u f i g u ~ a t l o a s  which do n o t  produce e l e c t r i c i t y  a s  a  product .  This  

i s  l a r g e r  than  biomass p i l o t  p l a n t s ,  which a r e  t y p i c a l l y  n o t  l a r g e r  

than  300 oven d ry  tons lday ,  b u t ,  i s  considered smal l  enough t o  

minimize t r a n s p o r t a t i o n  c o s t s  f o r  t h e  biomass feeds tock  m a t e r j a l s .  

The seven p rocess  c o n f i g u r a t i o n s  which produce e l e c t r i c i t y  were 

eva lua ted  a t  t h e  e l e c t r i c a l  c a p a c i t i e s  shown i n  Table 3-2.  Costs of 

product  e l e c t r i c i t y  a t  t h e s e  p rocess  c a p a c i t i e s  were used a s  i n p u t s  

t o  the biomass a l l o c a t i o n  model. Because of t h e  imporcatice' of 

c a p a c i t y  i n  determining product  c o s t s  product ion c o s t s  were a l s o  

eva lua ted  a t  l a r g e r  c a p a c i t i e s  (25 and 50 b i l l i o n  Btulday o u t p u t ) .  

Process thermal e f f i c i e n r y  determines t h e  amount of energy produced 

f o r  a  s p e c i f i e d  p rocess  c o n f i g u r a t i o n .  Minimal da ta  are a v a i l a b l e  

c o r r e l a t i n g  thermal e f f i c i e n c y  and biomass feeds tock  type.  Thermal 

efficiencies g i v e n  i n  the literature sources  a r e  based on h igher  

healiog values 6f  biomass feeds tocks  of 50 p e r c e n t  mois ture  c o n t e n t .  

I n  o r d e r  t o  e s t i m a t e  thermal e f f i c i e n c y  v a r i a t i o n s ,  t h e  61 biomass 

feeds tock  types  were considered i n  Five c a t e g o r i e s :  

a .  Woody biomass wi th  mois ture  con ten t  between 45 and 55 p e r c e n t ,  



TABLE 3-2 

Process 

Direct Biomass Combustion 

Low Btu Gas 

Medium Btu Gas 

Low Btu Gas 

Medium Btu Gas 

Me t hanol 

Methanol 

ALTERNATIVES CONSIDERED FOR PRODUCTION OF ELECTRICITY 
FROM BIOMASS FEEDSTOCK MATERIALS 

Base 
Power System Type of Service Capacity, MW 

Conventional Boiler Baseload 200 

Conventional Boiler Baseload 200 

Conventional Boiler Baseload 200 

Combined cycle Baseload 200 

Combined Cycle Baseload 200 

Combined 'Cycle Intermediate 100 

Gas Turbine Peaking 5 0 

Capacity 
Factor 



b. Woody biomass with moisture content greater' than 55 percent, 

c. Woody biomass with moisture content less than 45 percent, 

d. Non-woody biomass (agricultural crop residues) with moisture 

content greater than 50 percent, and 

e .  Non-woody biomass (agricultural crop residues) with moisture 

content less than 50 perceilt. 

Moisture content was determined from a review of the available 

literature (lo). Table 3-3 oummarirer the classifications of t h e  61 

biomass species. Group 1, woody biomass with moisture content 

between 45 and 50 percent, was designated the base case and assigned 

Lllermal efficiedcies reported in the literature sources. 

~fficiencies for the other groups were adjusted based on estimated 

biomass lower heating values. In approximating the lower heating ' 

values, the following simplifying assumptions were made: 

a. Group 1 - woody biomass, assumed moisture content of 50 percent 
(actual > 45 to < 55%), higher heating value of 8,600 Rt.l l / lh;  

b. Group 2 - woody biomass, assumed moisture content of 55 percent 
(actual - > 5 5 % ) ,  higher heating value of 8,600 Btu/lb; 

c. ~ r o u p . 3  - woody biomass, assumed moisture content of 4.5 p r r ccn t  

(actual - < 45%), higher heating value of 8,600 Btu/lh; 

d. Croup 4 - non-wuud biomass, assumed moisture content of 
55 percent (actual > 50x1, higher heating value of 

7,500 Btu/lb; and 

e. Group 5 - non-wood hinmass, assumed moisture content of 
45 percent (actual < 50%), higher heating value of 

7,500 Btu/lb.. 



TABLE 3-3 

CLASSIFICATION OF BIOMASS SPECIES 

SPECIESICLASSIFICATION NUMBER * SPECIES/CLASSIFICATION NUMBER ;k 

Oaks, White (S,E) 
Oaks, White (0 ,E)  
Oaks, Red (S,E) 
Oaks, Red (0,E) 
Hickory (E) 
B i rch ,  Yellow (E) 
Maple, Hard (E) 
Maple, S o f t  (E) 
Beech (E )  
Sweetgum (E) 
TupeloIB. Gum (E) 
Ash (E) 
Basswood (E) 
P o p l a r ,  Yellow (E) 
Cottonwoodl ASP 
Walnut, Black (E) 
Cherry,  Black (E) 
Hardwoods (0  ,E) 
Alder ,  Red (W) 
Oak (W) 
Hardwoods (0 ,  W) 
Longleaf/SP (E) 
Shortleaf/LOB,E 
P i n e ,  Yellow (0,E) 
P i n e ,  R/W (E) 
P i n e ,  Jack  (E) 
Spruce/B. F i r  (E)  
Hemlock (E) 
Hemlock ( W )  
Softwood (0  ,E) 

Ponderosa/J.  P ine  
F i r ,  Douglas (W) 
F i r s ,  True (W) 
Cyprus (E) 
P i n e ,  Sugar (W) 
P i n e ,  White (W) - *  

.Redwood (W) 
Spruce,  S i t k a  (W) 
Engelmam (+O , W) 
Larch (W) 
Cedar, Red (W) 
Cedar, Incense (W) 
P i n e ,  Lodgepole (W) 
Softwood (0,W) 
Wheat 
Corn, G r a i n .  
Soybeans 
Oats 
Po ta toes  
Bar ley  
Sugarbee t s ,  F i e l d  
Sorghum, g r a i n  
Rice ,  Straw 
Sugarcane,  F i e l d  
Cotton 
Peanuts . 

Bagasse 
Rye 
Grasses ,  seed 
H u l l s ,  r i c e  
Sugarbee t ,  pulp  

"(1) = woody biomass, >45 t o  (55 p e r c e n t  mois ture  

(2 )  = woody biomass, - >55 p e r c e n t  mois ture  . . 

(3 )  = woody biomass, - (45 p e r c e n t  mois ture  

(4 )  = non-woody biomass, >50 p e r c e n t  mois ture  

(5) = non-woody hiomass, (50 percent mois ture  



A l l  h i g h e r  h e a t i n g  va lues  were de f ined  on a  dry b a s i s .  Lower 

h e a t i n g  v a l u e  e s t i m a t e s  were made based on t h e  method of Kollman and 

Cote ( 1  1 )  

3 . 3  RESULTS (Thermochemical Conversion Process  Economics) 

3 . 3 . 1  Process  E f f i c i e n c i e s  

Group 1 serves a s  a base case  f o r  woody biomass species. The 

thermal  e f f i c i e n c i e s  repor ted  i n  t h e  l i t . ~ r a t l ~ r e  sQuxGeG wcrr 

ass igned  f o r  biomass feedstocks  i n  t h i s  group. E f f i c i e n c i e s  f o r  

Groups 2 and 3 were mndified as  follow3: 

where n' = adjusted thermal e f f i c i e n c y  

q = base  thermal e f f i c i e n c y  

LHU' = lower h e a t i n g  va lue  of Group 2 o r  3 biomass 

LHV = lower h e a t i n g  va lue  of Group 1 biomass 

Non-wood biomass s p e c i e s  were eva lua ted  by analagous comparison wi th  

a  h y p o t h e t i c a l  base case  non-wood of 50 p e r c e n t  ~ u u i s t u r e  con ten t  and 

h igher  hcaclng v a l u e  of 7,500 B t u / l b .  (Ac tua l ly ,  a l l  t h e  non-wood 

s p e c i e s  considered a r e  high o r  low mois ture  and f a l l  i n  Group 4 

o r  5 . )  Table 3-4 summarizes t h e  es t imated thermal e f f i c i e n c i e s .  

Feedstock c o s t  and h e a t i n g  v a l u e  a r e  i n t e r r e l a t e d  a s  d e v ~ l n p c d  in 

t h e  market a n a l y s i s  work. Costs  i n  d o l l a r s  pe r  d ry  ton  were 

dcvaloped f o r  hardwoods, suflwoods,  low morsture  non-woods and high 

n o i s t u r e  nbn-woods. The h e a t i n g  va lue  of a  s e l e c t e d  biomass s p e c i e s  

determines t h e  c o s t  of t h a t  m a t e r i a l  i n  d o l l a r s  p e r  m i l l i o n  Btu. I n  

c a s e s  where biomass h igher  h e a t i n g  va lues  were unknown, 8,600 Btu / lb  

was assumed f o r  woody biomass and 7,500 Btu / lb  f o r  non-wood biomass. 

The r e l a t i o n s h i p  between feeds tock  c o s t s  and product  c o s t s  i s  l i n e a r  

(assuming o t h e r  v a r i a b l e s  a r e  he ld  c o n s t a n t ) .  To s i m p l i f y  a n a l y s i s ,  
/ 

each p rocess  c o n f i g u r a t i o n  was eva lua ted  f o r  t h r e e  biomass c o s t s  a t  

h e a t i n g  va lues  and e f f i c i e n c i e s  f o r  each of t h e  f i v e  biomass groups.  

3-26 . . 



THERMAL EFFICIENCY ESTIMATES 

Thermal Efficiencv. bv Biomass G r o u ~  
Process Configuration 1 2 3 4 5 

Low Btu Gas 0.650 0.596 0.686 0.585 0.693 

Medium Btu Gas 0.750 0.687 0.791 . 0.675 0.799 

Substitute Natural Gas 0.660 0.605 0.696 0.594 0.703 

0.658 0.602 0.694 0.592 Ammonia 0.701 

Gasoline 

Fuel Oil 

Electricity 

Direct Biomass Combustion 0.310 0.284 0.327 0.279 0.330 

~ ~ ~ I ~ o m b i n e d '  Cycle 0.254 0.233 0.268 0.229 0.271 

MBG/Combined Cycle 0.306 0.280 0.323 0.275 0.326 

LBG/Conventiona.l Power Plant 0.212 0.194 0.224 0.191 0.226 

MBG/Conventional Power Plant 0.270 0.247 0.285 0.243 0.288 

Methanol/Combined Cycle' 0.203 0.186 0.214 0.183 -0 .216  

MethanolIGas Turbine 0.149 0.136 0.157 0.134 0.159 



The r e l a t i o n s h i p  between biomass feeds tock  c o s t  and product  c o s t  i s  

l i n e a r  f o r  each p rocess  c o n f i g u r a t i o n ,  p rov id ing  o t h e r  parameters 

a r e  he ld  c o n s t a n t .  For  each process  c o n f i g u r a t i o n  f i v e  l i n e a r  
I 

e q u a t i o n s ,  corresponding t o  t h e  f i v e  biomass feeds tock  groups were 

determined. S p e c i f i c  c o s t s  f o r  each of t h e  61 biomass s p e c i e s  were 

s u b s t i t u t e d  i n t o  t h e  a p p r o p r i a t e  equat ions  t o  determine es t imated  

p roduc t  manufacturing c o s t s .  These product  c o s t  va lues  were u s e d . i n  

t h e  biomass a l l o c a t i o n  model. 

Manufac tu rbg  Costs 

Overa l l  product  primary and secondary manofacturing ~ o s t s  a r c  ahown 

i r i  Tabies  3-5 through.3-9 and i n  Appendix B ,  Sec t ion  3 .2 .  These 

v a l u e s  a r e  used a s  i n p u t s  t o  t h e  biomass a l l o c a t i o n  model. Primary 

Manufacturing Cost (MFG Coct) i s  de f ined  a s :  
P  

(Annual Operat ing Cost)  + (0.05 x T o t a l  C a p i t a l  Cost)  

MTG Cost = (To ta l  Product Output ,  1012 Btu/yr)  
P  

Subst i tuLe n a t u r a l  gas, ammonia, methanol, and gaso l ine  a r e  produced 

by f u r t h e r  p rocess ing  of medium Btu gas .  Secondary manufacturing 

c o s t s  f o r  t h e  f o u r  secondary p roduc t s  (SNG, methanol, g a s o l i n e ,  and 

ammonia), a r e  he ld  cuuslauc i n  spice o t  v a r i a t i o n  i n  biomass feedstock 

c o s t s .  These secondary manufacturing c o s t s  a r e  def ined a s :  

- AOCMBGl + (u .US) (TCCFINAL ( A o C ~ ~ ~ ~ ~  - .  - T C C ~ ~ )  PEGs Cocr = 
T P o ~ ~ ~ ~ ~  

where : 

AOC = Annual Operating Cost 

TCC = T o t a l  C a p i t a l  Cost 

TPO = . T o t a l  Product Output 



TABLE 3-5 

RESULTS OF PROCESS ECONOMICS &.?ALYSIS FOR 
PRODUCTION OF MEDIUM BTU GAS 

Biomass Species MFG Cost, Biomass Species 

Number 6 $110 Btu ~ A b e r  

MFG Cost, 

$/lo6 Btu 



TABLE 3-6 

RESULTS OF PROCESS ECONOMICS .WYSIS FOR 
PRODUCTION OF LOW BTU GAS 

Biomass Species MFG Cost, Biomass Species 

Number $/lob Btu Number 

MFG Cost, 
6 $/lo Btu 



TABLE 3-7 

Biomass Species 

Number 

RESULTS OF PROCESS ECONOMICS ANALYSIS FOR 
PRODUCTION OF FUEL OIL 

MFG Cost, Biomass Species 

$ / lo6  Btu Number 

MTG Cost, 

$ / l o 6  Btu 



Biomass Species 

Number 

RESULTS OF PROCESS ECONOMICS ANALYSIS FOR 
PRODUCTION OF ELECTRICITY VIA DIRECT COMBUSTION 

r n G  Cost, 

$ / l o 6  Btu 
Biomass Species 

Number 

? E G  Cost, 

$ / l o 6  Btu 



TABLE 3-9 

SECONDARY MANUFACTURING COSTS 

product* 

substitute Natural Gas 

Ammonia 

Methanol 

6 
MFG Cost, $110 Btu 

1.84 

2.56 

2.57 

Gasoline 4.45 

* These products are produced from a medium Btu gas intermediate product. 



The four secondary manufacturing costs were developed for an average 

biomass feedstock cost. A plant life of 20 years 1s assumed in all 

calculations. 

Production of electricity by direct combustion of biomass was more 

economically attractive than by the other process configurations. 

Therefore, electricity manufacturing costs used in the biomass 

allocation model are based on direct biomass combustion. 

Manufacturing costs for non-wood biomass species (numbers 45-61) are 

higher because of higher costs for these materials as determined in 

the market study. Tt should be pointed out that aqueous processing 

of non-wood biomass species may be preferable to thermochemical 

processing. The process configurations, as defined have simple 

handling and sizing equipment for biomass preparation. To utilize 

non-woods; in particular high moisture varieties, additional 

processing in the form of drying and classification may be required. 

These production costs further extend the advantages of 

thermochemical processing of wood biomass species. 

Additional results of process economics analysis of each of t h ~  

major product types is given in Section 3.2 of Appendix B. 

Appendix D for the process economics analysis consists of three 

parts. The first part ( D . l )  is a sample computer run illustrating 

the procedure and describing the options available to thc user. The 

second part (D.2) is a set of figures which show the sensitiviry of 

product costs to variations in plant capacity and biomass feedstock 

rnsts. The rcmaindcr of the dpyendix (D.3) 1s a set of tabies 

s u ~ ~ ~ ~ l a r i z i n g  the results of the process economics analysis for each 

process configuration. 

The costs developed during the process economics analysis are Lased 

on modifications of published literature data. Costs for all 

products considered in the biomass allocation model are based on 



economic analysis data developed by MITRE corporation. The fact 

that all data were developed by one organization and were modified 

by the same rationale provides a consistent set of relative costs 

for biomass conversion products. These costs provide a reasonable 

.input for, execution of the biomass allocation model. In absolute 

terms however, these costs may vary from those developed in more 

recent detailed economic evaluations. It is recommended that the 

process economics data, base be updated to include more recent 

information. Ideally, a broad based effort such as the MITRE study, 

would provide better product costs, both in relative and absolute 

terms. 
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4 . 0  

DATA STORAGE AND 

RETRIEVAL SYSTEM 



DATA STORAGE MID RETRIEVAL SYSTEM 

OBJECTIVES 

I n  o r d e r  f o r  t h e  biomass a l l o c a t i o n  model t o  be operab le ,  it must 

have access  t o  a da ta  base  con ta in ing  t h e  feeds tock  and product  

p r i c e  and a v a i l a b i l i t y  da ta  from t h e  market a n a l y s i s  t a s k  of t h e  

s tudy  and t h e  thermochemical conversion p rocess  e f f i c i e n c i e s  and 

manufacturing c o s t  data  from t h e  p rocess ing  t a s k s  of t h e  ctudy. It 

was t h e r e f o r e  nPrPssary t o  des ign  and cono t ruc t  a computer based 

s t o r a g e  and r e t r i e v a l  system t o  se rve  t h i s  purpose.  

The purpose of t h e  va r ious  d a t a  f i l e s  i s  shown i n  Figure  4-1.  The 

amounts and c o s t s  of t h e  feeds tocks  a r e  t h e  primary i n p u t s  t o  t h e  

a l l o c a t i o e  problem. 

Whereas t h e  feeds tock  amounts e n t e r  i n t o  t h e  a l l o c a t i o n  problem 

d i r e c t l y ,  t h e  feeds tock  c o s t s  e n t e r  i n d i r e c t l y ,  i n  t h a t  they  a r e  

used t o  e s t i m a t e  manufacturing c o s t s .  

The manufacturing c o s t s  and t h e  product  c o s t s  p l a y  a  major r o l e  i n  

determining each a l l o c a t i o n  a s  t h e y  are 11sed t o  c a l c u l a t e  t h e  t o t a l  

f i ~ u f i L  which is chen maxlmlzed dur ing t h e  a l l o c a t i o n  p r o c e s s .  The 

v a r i o u s  e f f i c i e n c i e s  and manufacturing c o s t s  were de r ived  from 

eng ineer ing  s t u d i e s  which a r e  desc r ibed  i n  Sec t ion  3 . 0 .  

I n  t h e  d a t a  base  des ign phase of t h e  p r o j e c t  t h e  o b j e c t i v e s  were t o  

provide t h e  in format ion  flow p a t h s  shown i n  F igure  4-1 i n  such a  

manner t h a t  t h e  d a t a  base  would c o n t a i n  a l l  of t h e  f e a t u r e s  requ i red  

by t h e  u r i g i n a l  worlc s ta tement .  Uf a e c e s s i k y ,  these  o b j e c t i v e s  had 

t o  be met e a r l y ,  and then  t h e  r e s u l t i n g  f i l e  s t r u c t u r e s  maintained 

throughout t h e  remainder of t h e  p r o j e c t .  



The key d a t a  base  f i l e s  a r e  shown i n  Table  4-1. 

The approach f o r  u s ing  them is a s  fo l lows .  F i r s t ,  t h e  in fo rma t ion  

from t h e  market  a n a l y s i s  t a s k  was summarized i n  c a r d  i n p u t  form. 

T h i s  i n i t i a l  i n fo rma t ion  is  l i s t e d  i n  Appendix B.2.1. The program 

DATGW was des igned t o  read  each  i n i t i a l  parameter  and g e n e r a t e  a  

smoothed d a t a  b a s e  o f  r e g i o n a l  f e e d s t o c k  amounts and c o s t s .  T h i s  

i n i t i a l  s t e p  was in t roduced  i n  o r d e r  t o  avo id  t h e  l a r g e  amount of  

s c a t t e r  which was found t o  e x i s t  i n  t h e  o r i g i n a l  d a t a .  

The n e x t  s t e p  was t o  p rov ide  f o r  t h e  a d d i t i o n  of  new d a t a .  Th i s  was 

accomplished by w r i t i n g  a  second computer program c a l l e d  B M O S .  

I n  o r d e r  t o  develop t h e  o v e r a l l  system t h e  same code was i n s e r t e d  i n  

t h e  program DATGEN t o  p rov ide  s imu la t ed  p rocess  e f f i c i e n c i e s  and 

manufacturing c o s t s .  That  code has  been r e t a i n e d  b u t  t h e  s imu la t ed  

r e s u l t s  have been o v e r w r i t t e n  w i t h  c a l c u l a t e d  e f f i c i e n c i e s  and 

manufac tur ing  c o s t s  by means of t h e  BHCARDS program. 

Some o f  t h e  in fo rma t ion  i n  F i l e  Nos. 13,  14, 15 ,  and 18 a r e  n o t  

r e q u i r e d  a s  i n p u t  i n fo rma t ion  t o  t h e  a l l o c a t i o n  e q u a t i o n s .  f o r  

example, t h e  f eeds tock  c o s t  i n fo rma t ion  must be a v a i l a b l e  f o r  use by 

persons  r e s p o n s i b l e  f o r  g e n e r a t i n g  t h e  pr imary  manufacturing c o s t s ,  

b u t  it i s  not  needed by t h e  o p t i m i z a t i o n  s o f t w a r e .  

In o r d e r  t o  f a c i l i t a t e  making c r o s s - r e f e r e n c e  between S e c t i o n  8 . 0  o f  

Appendix C ,  and o t h e r  s e c t i o n s  of t h i s  r e p o r t ,  t h e  mnemonic symbols 

which have been used i n  S e c t i o n  8.0 a r e  a l s o  shown i n  F i g u r e s  4-2 

' th rough 4-5. 



TABLE 4-1 

'KEY DATA FILES 

Feedstock Amounts (Fi) File No. 5 (Figure I11 B-2) 

Feedstock Costs* 

Product Amounts (D . )  
J 

Product Costs (S . ) 
J 

Feedstock Names* 

Feedstock Heating Values* 

File No. 14 (Figure I l l  B-3) 

Primary Efficiencies (EPRIM) . File No. 13 (Figure I11 B-4) 

Primary Manufacturing Costs (MPRIM) 

- - - -- - - - - - 

Secondary Efficiencies (ESEC) File No. 18, Record 1 

(Figure T T T  B-5) 
Secondary Manufacturing Costs (MSEC) 

Final E,ff iciencigs (EFIN) 

f inn1 Yanufacturing Costs  (PIFIN) 

*NOTE: These i a p ~ ~ t s  are not required for the- optimization procedufe, 
but it was convenient to s tore  this information in the files 

indicated. 



The initial feedstock amounts (Figure 4-2) are calculated at the 

time that the corresponding input data are processed by the DATGLV 

and FPSTOR by the programs. At this time the feedstock names, 

heating values, and amounts in tons per year are also read into File 

No. 14. In addition, the product amount and cost information is 

read into File No. 15. 

The file system provides for a maximum of twelve products, and each 

product map be modified in order to satisfy the specifications 

required by each market sector. Since there are up to five market 

sectors, it follows that there can be 12 x 5 = 60 product/sector 
combinations. 

As not all combinations are feasible (for example, ammonia for the 

residential section is not feasible), the maximum possible number of 

product/sector combinations was limited to 32. In the discussions 

which follow, when mention is made of energy flow along a 

feedstock-to-product path (using the notation f .), it is one.of 
i , J  

these 32 product numbers which is being referenced.. 

The 18 product/sector combinations (out of the possible 32) that 

have been implemented are shown below. The numbers in the tabulation 

below are "product pointers." See notes "i" and "p" in Appendix A. 

Utility 
1.Transportation ?.Residential 3.Cheaicals 4.Electric 

1 .  Low Btu - - 4 5 
2. Xedium Btu - - 6 7 

3. Fuel Oil 13 . 14 15 16 

4 .  Electricity - 18 19 20 

5. SNG - 2 - 3 

. 6 .  .4nunonia - - 1 .  - 
7. Hethanol 10 

8. Gasoline 8 

Note; Combination 9 and 17 do not exist. 

4-5 



The secondary  and f i n a l  e f f i c i e n c i e s  and manufac tur ing  c o s t s  a r e  

i n p u t  t o  t h e  system by means of  a  s e p a r a t e  program, BMCXUIS. T h i s  

i n fo rma t ion  is  read  i n t o  F i l e  No. 18.  F i l e  No. 18 i s  a  g e n e r a l  

purpose  f i l e .  S ince  a  s m a l l e r  amount of  secondary and f i n a l  

e f f i c i e n c y  and c o s t  i n fo rma t ion  is  r e q u i r e d ,  a  s e p a r a t e  f i l e  i s  n o t  

needed. I n s t e a d ,  one r eco rd  o f  F i l e  No. 18 has been used.  

I t  should  be noted  t h a t  t h e  s y s t e a  has been des igned f o r  up t o  123 

f e e d s t o c k s .  Th i s  was done i n  o r d e r  t o  p rov ide  some expans ion  

c a p a b i l i t y .  

I n i t i a l  Data Base 

The i n i t i a l  d a t a  base  o f  f eeds tock  a v a i l a b i l i t i e s  was based upon 

p rev ious  supp ly  and demand s t u d i e s ,  and upon t h e  most r e c e n t  

s t a t i s t i c a l  i n fo rma t ion  pub l i shed  by t h e  U.S. Department of  

A g r i c u l t u r e .  A s  a  r e s u l t ,  it i s  u n l i k e l y  t h a t  t h e  u s e r  w i l l  wish t o  

change a v a i l a b i l i t i e s  on an  i n d i v i d u a l  s p e c i e s  b a s i s .  R a t h e r ,  it i s  

qrobable t h a t  t h e  entire  a v a i l a b i l i t y  data  base w i l l  be updated .  

In t h e  even t  t h a t  a v a i l a b i l i t i e s  for s p e c i f i c  ' spec i e s  must be 

changed, it can be done by having dat.a i n p u t  cards  kcnllnclrerl and 

t h e  new d a t a  e n t e r e d  i n t o  t h e  system by execu t ing  the program 

DATGEN . 

I n  o r d e r  t o  r e v i s e  Lhe a v a i l a b i l i t y  data  base  a s  a  whole, it i s  

neces sa ry  t o  make changes t o  the i n p u t  card  d a t a  t i l e  XDDL (shown i n  

Appendix B) i n  t h e  t h r e e  a r e a s  a s  shown i n  F i g u r e s  4-6 through 4 - 8 .  

F i g u r e  4-6 shows t h e  t o t a l  a v a i l a b i l i t i e s  i n  m i l l i o n s  of  t o n s  f o r  

each r eg ion .  The system expec t s  t h e s e  e i g h t  c a r d s  t o  fo l low t h e  

f i r s t  128 f eeds tock  name c a r d s .  Following t h e s e  ca rds  t h e r e  should  

be  125 c a r d s ,  ae shown i n  F igu re  4-7, and a s  many a v a i l a b i l i t y  ca rds  

a s  necessa ry  f o r  each  r eg lon .  



The r e s u l t i n g  c a r d  deck i s  mainta ined  i n  t h e  f i l e  .ADDL which i s  read  

by t h e  program DATGEN. For f u r t h e r  i n fo rma t ion ,  s e e  t h e  

documentat ion d e s c r i b i n g  t h e  so f tware  system i n  Appendix C (Program 

D e s c r i p t i o n ) .  

4 .2 .2  Data Base Addi t ions  

A t  t h e  t ime t h a t  t h e  i n i t i a l  d a t a  base  was gene ra t ed  t h e  o n l y  

f e e d s t o c k  p r i c e s  a v a i l a b l e  wer'e average  p r i c e s  f o r  t h e  fo l lowing  

c a t e g o r i e s  : 

o  Softwoods, 

o  Hardwoods, 

o  C e l l u l o s i c  (low moi s tu re )  m a t e r i a l s ,  and 

o  High moi s tu re  m a t e r i a l s .  

Some dependencies upon h e a t i n g  va ' lue ,  a v a i l a b i l i t y ,  and . . r eg iona l  

l a b o r  c o s t s  were superimposed upon t h e s e  h i g h l y  aggregated  p r i c e s ;  

no dependency upon f eeds tock  h a n d l e a b i l i t y  and p r e p a r e a b i l i t y  was 

inc luded .  

I n  r e c o g n i t i o n  o f  t h e  f a c t  t h a t  f eeds tock  p r i c e s  w i l l  change and t h e  

f a c t  t h a t  more r e l i a b l e  p r i c e  in fo rma t ion  w i l l  be pub l i shed  i n  t h e  

f u t u r e ,  a  c a p a b i l i t y  was provided  t o  r e v i s e  t h e  i n i t i a l  d a t a  base  o r  

t o  make a d d i t i o n s .  I f ,  f o r  example, i t  i s  necessa ry  t o  change t h e  

autumn p r i c e s  f o r  f eeds tocks  16 and 34 i n  r eg ion  2 ,  t hen  i t  w i l l  be 

necessa ry  t o  have t h e  ca rds  shown i n  Table  4-2 keypunched. I t  

should  be noted  t h a t  f o r  t h e  season and r eg ion  be ing  updated,  t h e  

r eco rd  number must be c a l c u l a t e d  from t h e  r e l a t i o n s h i p :  

Record Number = Season + 4 (Region - 1) 

and e n t e r e d  i n  columns 5 through 7 of the  f i r s t  c a r d .  
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Also,  it should be noted t h a t  a l l  of t h e  informat ion on t h e  second 

and t h i r d  ca rds  must be included (even though some of t h e  i tems may 

n o t  change);  o the rwise ,  those  f i e l d s  w i l l  be d e l e t e d  from t h e  d a t a  

f i l e .  

I n  a d d i t i o n  t o  t h i s  method of adding o r  changing feedstock 

in format ion ,  t h e  u s e r  may genera te  a  new i n i t i a l  d a t a  .base by making 

a p p r o p r i a t e  changes t o  t h e  i n p u t  card  deck. For a  d e t a i l e d  

d e s c r i p t i o n  of t h i s  approach,  s e e  Appendix C (Program D e s c r i p t i o n ) .  

I n  e n t e r i n g  publ ished informat ion i n t o  t h e - d a t a  base ,  c a r e  must be 

t aken  t o  make c e r t a i n  t h a t  t h e  d a t a  a r e  no t  s c a t t e r e d  t o  such an 

e x t e n t  t h a t  t h e  r e s u l t i n g  a l l o c a t i o n s  w i l l  be meaningless.  P r i o r  t o  

changing any p r i c e s  it i s  suggested t h a t  t h e  publ ished d a t a  be 

p l o t t e d  and t h e  r e s u l t i n g  smoothed d a t a  en te red  i n t o  t h e  system. 

A s  t h e r e , . a r e  on ly  e i g h t  produc.ts and f o u r  reg ions ,  no program was 

provided f o r  reading i n p u t  c a r d s .  To r e v i s e  t h e  product  d a t a  base  

it i s  necessa ry  t o  a l t e r  da ta  s t a tements  i n  t h e  subrou t ine  PRSTOR.. 

The a p p r o p r i a t e  s t a tements  a r e  shown i n  F igure  4-9  t o g e t h e r  wi th  

numbers corresponding t o  t h e  t a b l e s  descr ibed i n -  Sec t ion  5 . 0 .  

4 .3 RESULTS 

A da ta  scorage aacl r e t i i e v a l  systcm hac been deve lop~r l  f o r  

manipula t ing t h e  da ta  bases  needed f o r  opera t ing  t h e  biomass 

a l l o c a t i o n  model. Appendix B con ta ins  t h e  raw d a t a .  

The d a t a  base f o r  t h e  system i s  forned by means of t h e  fol lowing 

two-step process :  

a .  The d a t a  f i l e  FEDAT, which i s  l i s t e d  i n  ca rd  image form i n  

Appendix B ,  Sec t ion  2 . 1 ,  i s  en te red  i n t o  t h e  system by 

execu t ing  t h e  program DATGEN. 



b. The d a t a  f i l e  ADDL, which is  l i s t e d  i n  ca rd  image form i n  

Appendix B ,  S e c t i o n  2 . 2 ,  i s  e n t e r e d  i n t o  t h e  system by 

execu t ing  t h e  program BMCARDS. 

These i n p u t  decks a r e  n o t  p a r t i c u l a r l y  u s e r - o r i e n t e d ;  fur thermore,  

t h e  d a t a  f i l e s  themselves a r e  n o t  p a r t i c u l a r l y  use r -o r ien ted .  For  

t h i s  reason,  two a d d i t i o n a l  programs were w r i t t e n ,  a s  fo l lows:  

a .  The program FDPRINT searches  t h e  a p p r o p r i a t e  d a t a  f i l e s  (BMT 14 

and BME' 15) f o r  t h e  feeds tock  a v a i l a b i l i t i e s  , feeds tock  p r i c e s ,  

product  demabds, and product  p r i c e s ,  and p r i n t s  o u t  t h e  r e s u l t s  

i n  a form s u i t a b l e  f o r  t h e  u s e r .  Th i s  informat ion i s  shown i n  

Appendix B ,  Sec t ion  3 . 1 .  

b. The program SDPRINT searches  t h e  a p p r o p r i a t e  da ta  f i l e s  (BMF 13 

and BMF 18) f o r  t h e  manufacturing c o s t s  and convers ion 

e f f i c i e n c i e s  and p r i n t s  o u t  t h e  r e s u l t s  i n  a  form s u i t a b l e  f o r  

t h e  u s e r .  This  informat ion i s  shown i n  Appendix B ,  Sec t ion  

3 . 2 .  
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F i g u r e  4-5  F i l e  #18 Record 1 



Fkgure 4-6 Input Format For Total Availaht-lities 
In Willions of Tonslyear 



Figu re  4-7 In?ut  Format For Seasona l  A v a i l a b i l i t i e s  



Figure 4-8 Input Format For Relative Availabilities 
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SUBROUTINE PRSTR (/IREC 1)  
DIMENSION FEED (128,4) ,DMD (32,4) ,PRM(128,2) ,SF (32,26) 
DIMENSION. GAIR(12) ,REGC (12,4) ,KFWD (60 ,FEFF(12) 
DIMENSION NREG(24) ,NSEC (8) ,NPROD (30) ,REGA(12,4) ,SECR(4) 
DATA REGAI 
11.9,1.9,.a,.9a,i.a,.01,~4,1.4,0.,0.,0.,0., 
2.29,.29,.25,.8,1.45,.04,.12,1.25,0.,0.,0.,0., 
3.63,.64,.27,1.45,3.96,.06,.19,2.0,0.,0.,0.,0., 
4.5,.5,.5,.84,2.5,.02,.15,1.45,0.,0.,0.,0./ 
DATA NREG/ 
ll,/P',lA/wv',l 1, 
2'GA/A1,'L/MS',' ' , 
3'1N/11, lL/IA', 1 9 

~'oR/w', 'A ', ' / 
DATA NSEC/ 
1' TR', 'US/', 
2 ' I, IRES/', 
3' C', 'HEM/', 
4' E', 'LEC/'/ 
DATA SECR/. 25,. 2, .05,. 251 
DATA NPROD/ 
1'LOW ','BTU ','GAS ', 
2'MED ','BTU ','GAS ', 
3'RTEL1, ' OIL', 
4'ELEC1,'TRIC','ITY', 
S'SNG ',' 1 1  9 I 9 

~'AMMO','NIA', ' ', 
7'METH1,'ANOL',' ', 
8'GAS01, 'LINE', ' ' , 
9 ' 1 1  ' I  1 

9 9 3 

A' 1 1  I 
9 , ' 1 

DATA FEFF/.7,1.0,1.0,1.0,.70, 
1.70,.70,.70,.90,.38,0.,0./ 
DATA KFWD/ 
10,0,13,0,0.0,10,8,0,0,U,O, 
20,0,14,18,2,0,0,0,0,0,0,0, 
34,6,15,19,0,1,11,0,0,0,0,0, 
45,7,16,20,3,0,12,0,0,0,0,0, 
50,0,0,",,U,CJ,U,U,O,O,O,O/ 
DATA GAIR/ 
12.31,2.57,3.25,13.46,2.57,6.44,7.76,4.09,0.,0.,0~,0./. 
DATA REGC/ 

JREC = 1 
DEFINE FILE 13(32,2560,L,JREC) 
DEFINE FILE 18 (32,2560, L, JREC) 

ASSIME COAL REFERENCE PRICE OF $1.96/MMBTU FOR 1985 

F i g u r e  4-9 Produc t  Data S t a t e m e n t s  



5 . 0  

BIOMASS ALLOCATION 

MODEL 



BIOMASS ALLOCATION MODEL 

OBJECTIVES 

Any biomass p roduc t ion  p l a n  can n o t  r e q u i r e  t h a t  a l l  a v a i l a b l e  

convers ion p r o c e s s e s  be used cont inuously  and s imul taneous ly  a t  

maximum c a p a c i t y .  Many a l l o c a t i o n s  of  convers ion p rocesses  w i l l  

work, b u t  some w i l l  be t e c h n i c a l l y  i n f e a s i b l e  o r  p r o h i b i t i v e l y  h igh 

i n  c o s t .  

The p r o d u c t i o n  of a  q u a n t i t y  of any product  t o  meet a  market demand 

i s  u s u ~ l l y  plnnned accoeding Lo t h e  performance c h a r a c t e r i s t i c s  

( e f f i c i e n c i e s )  and manufacfuring c o s t s  f o r  t h e  i n d i v i d u a l  p rocesses  

invo lved-  There fo re ,  t o  a l a r g e  e x t e n t ,  ' t h e  o b j e c t i v ~  of the  

p r o j e c t  from an eng ineer ing  p o i n t  of view i s  t o  g e n e r a t e  .a d a t a  base  

o f  thermal  c o n v e r s i o n , e f f i c i e n c i e s  and c o s t s  f o r  use i n  developing 

feeds tock  a l l o c a t i o n s .  

In a d d i t i o n  t n  thi? cn~incsxfng i l ~ f u r ~ ~ ~ u L i o n ,  ehc d d t d  base llrust 

c o n t a i n  a11 of t h e  feeds tock  supply  and product  demand in fo rmat ion  

needed t o  f o r u u l a t e  energy a l l o c a t i o n  problems f o r  which t h e  u s e r  

needs recommended s o l u t i o n s .  

The primary r o l e  of the  computer i s  t o  genera te  t h e  best .  energy 

allocation ('on a maximum p r n f i t  h a s i s )  f o r . 3  givcn 3 c t  o f  demands 

I n  g e n e r a 1 , ' t h e  amount of energy t o  be supp l i ed  from biomass 

feeds tocks  w i l l  depend upon t h e  e x t e n t  t o  which t h e  biomass 

convers ion p rocesses  can c n m p ~ t o  with  other energy convers ion 

p rocesses  which a r e  capable  of  producing t h e  same p roduc t s .  . This  

means t h a t  some p r o v i s i o n  should  be  made f o r  f a c t o r i n g  i n t e r f u e l  

compet i t ion e f f e c t s  i n t o  t h e  a l l o c a t i o n  system. Since  it i s  beyond 

t h e  scope of t h e  c u r r e n t  p r o j e c t  t o  inc lude  t h e  e f f e c t s  of i n t e r f u e l  

compet i t ion ,  a  demand from biomass feeds tocks  was assumed which 

corresponds  t o  an es t ima ted  f r a c t i o n  of t h e  t o t a l  demand; t h i s  i s  
r  t shown by t h e  r a t i o  - 
t 

i n  F igure  5-1. When t h e  market a n a l y s i s  



d a t a  i s  i n p u t  t o  t h e  c u r r e n t  v e r s i o n  of  t h e  sys tem,  it is assumed 

t h a t  t h e  biomass s h a r e  can be ob ta ined  by m u l t i p l y i n g  each  i n p u t  by. 

"r", which w i l l  b e  e s t i m a t e d  from t h e  eae rgy  s u ~ p l y  and demand d a t a  

' b a s e  and p r e s e n t e d  t o  t h e  u s e r  a s  a  s u g g e s t i o n  t o  be accepted  o r  

a l t e r e d  f o r  t h e  purpose  of conduct ing  s e n s i t i v i t y  a n a l y s e s .  

A s  an  e s i i m a t e d  demand must be  regarded  a s  t h e  s t a r t i n g  p o i n t  f o r  

a n y ' f e e d s t o c k  a l l o c a t i o n  problem, it fo l lows  t h a t  t h e  s t e p s  i n  a  

t y p i c a l  p l ann ing  s e s s i o n  are a $  f nl;l nws : 

a .  S e l e c t  a  set  o f  biomass f eeds tocks  from t h e  c u r r e n t  d a t a  b a s e .  

b.  S e l e c t  a set of  f u e l  demands t o  be  s a t i s f i e d  by t h e  conver ted  

f e e d s t o c k s .  

c .  A l l o c a t e  f eeds tocks  t o  f u e l  demands on a  maximum p r o f i t  b a s i s  

and p r i n t  o u t  t h e  r e s u l t i n g  a l l o c a t i o n .  

By adjus tment  back and f o r t h  between t h e  c u r r e n t  i n fo rma t ion  base  

and t h e  c u r r e n t  a l l o c a t i o n  of  economical ly  and t e c h n i c a l l y  f e a s i b l e  

processes, .  b e t t e r  l o n g ' r a n g e  p l a n s  can be gene ra t ed .  

The purpose of  t h i s  p r o j e c t  i s  t o  e s t a b l i s h  t h e  f i r s t  base  of  

i n fo rma t ion  f o r  t h e  v a r i o u s  biomass convers ion  p r o c e s s e s ,  and a l s o  

t o  develop a means by which optimum a l l o c a t i o n s  can be gene ra t ed .  

L inea r  programming i s  one of  t h e  most common t echn iques  a v a i l a b l e  

f o r  g e n e r a t i n g  optimum . a l l o c a t i o n  of r e sources  t o  meet a  g iven  s e t  

o f  market demands. S ince  most l i n e a r  programming problems r e q u i r e  

e x t e n s i v e  numerical  computat ion,  t h e  use  o f  a  d i g i t a l  computer i s  a  

n e c e s s i t y .  A s  a  r e s u l t ,  t h e  p l a n n i n g . t o o 1  desc r ibed  i n  t h i s  r e p o r t  

i s  p r i m a r i l y  an o p t i m i z a t i o n  program which has acces s  t o  a  supply  

and demand d a t a  f i l e  and a  f i l e  o f  convers ion  p rocess  e f f i c i e n c i e s  

and manufacturing c o s t s  a s  shown i n  F i g u r e  5-2 .  Upon e x e c u t i o n  of  



t h i s  o p t i m i z a t i o n  s o f t w a r e ,  t h e  r e s u l t  is  an  a l l o c a t i o n  o f  t h e  type  

shown i n  F i g u r e  5-3. I n  t h i s  f i g u r e  t h e  symbols a r e  d e f i n e d  a s  . 

f o l l o w s  : 

Fi = amount o f  f e e d s t o c k  a v a i l a b l e  i 

fli, j = e f f i c i e n c y  o f  conve r t ing  f e e s t o c k  ; t o  p r o d u c t  
.& j 

f i , j  
= f e e d s t o c k  which is  conver ted  t o  p roduc t  i . - 

D = energy demand for product I from biomass - 
j J 

A d e t a i l e d  des ; r ip t ion  o f  t h e  o p t i m i z a t i o n  p r o g r a m i n g  procedure  and 

the  o v e r a l l  s t r u c t u r e  o f  t h e  model is  provided  i e  Appendix C .  b 

"Use r ' s  ~ ~ d n u a l "  i s  inc luded  i n  Appendix A .  

5 . 2  METHODS 

5 .2 .1  Economic B a s i s  

For a  g iven  r eg ion  and season a  r eco rd  e x i s t s  w i t h i n  t h e  d a t a  base  

which can c o n t a i n  up t o  128 feeds tocks  and up t o  12 p r o d u c t s ,  each  

o f  which can be  used t o  s a t i s f y  t h e  demand i n  any of f i v e  market 

s e c t o r s .  

I n  g e n e r a l ,  each  s e t  of  demands f o r  energy from biomass f o r  a r eg ion  

can be  s a t i s f i e d  i n  an i n f i n i t e  number of ways. An example of  an 

a l l o c a t i o n  i s  shown i n  F i g u r e  5-3. 

I n  o r d e r  t o  de termine  whether one a l l o c a t i o n  i s  b e t t e r  t han  a n o t h e r  

i t  is  d e c e s s a r y  t o  employ a  measure of t h e  r e l a t i v e  merit of  each 

f e a s i b l e  energy  a l l o c a t i o n .  S ince  t h e  p r o f i t  earned i s  a genernlly 

accep ted  measure i t  was s e l e c t e d  f o r  use i n  t h i s  p r o j e c t .  

For s i m p l i c i t y  each p rocess  may be viewed a s  a  s i n g l e  p rocess  w i t h  a  

s i n g l e  c f f i c i c n c y  a i d  a  s i n g l e  manufacturing c o s t .  Assuming t h a t  

t h e  p r o c e s s  which conve r t s  f e e d s t o c k  3 t o , p r o d u c t  has  an  



e f f i c i e n c y  o f  q and an  o v e r a l l  manufac tur ing  ' cos t  o f  ?I S/HYBtu 3 , 4  3 , 4  
and t h a t  t h e  f o u r t h  product  s e l l s  f o r  S4 $/MMBtu, i t  fo l lows  t h a t  

t h e  p r o f i t  a s s o c i a t e d  w i t h  energy  s t r eam f  can be expressed  a s :  
3 , 4  

The p r o f i t  ( o r  l o s s )  a s s o c i a t e d  w i t h  a l l  o t h e r  energy  s t reams i n  t h e  

system can be expressed  i n  a  s i m i l a r  manner. A s  a  r e s u l t ,  t h e  t o t a l  

n e t  p r o f i t  f o r  t h e  s e l e c t e d  system of f eeds tocks  and energy  demands 

can  be expres sed  a s :  

Jmax i max 

I n  o r d e r  t o  proceed w i t h  a  q u a n t i t a t i v e  a d a l y s i s  of  a l t e r n a t i v e  

d i s t r i b u t i o n s  it is  necessa ry  t o  w r i t e  an energy  ba l ance  f o r  each 

f e e d s t o c k  and each  demand. For  a  g iven  f eeds tock  ( f o r  example, 

f e e d s t o c k  2) it fo l lows  t h a t  energy  can f low t o  more than  one 

p r o c e s s  ( o r  sequence of  p r o c e s s e s )  a s  fo l lows :  

Also ,  f o r  a  g iven  demand ( f o r  example, f o r  Product  3)  it fo l lows 

t h a t :  

Because equa t ion  2 is  an  i n e q u a l i t y ,  a  s l a c k  v a r i a b l e  (W2), vh ich  

corresponds  t o  t h e  amount o f  f eeds tock  unused, must be added t o  t h e  

r ighc hand s i d e .  When t h i s  i s  done f o r  a l l  of t h e  f eeds tock  

e q u a t i o n s ,  t h e  r e s u l t  i s  a  system of m equa t ions  i n  n  v a r i a b l e s . .  

Given such a system of m equa t ions  i n  n v a r i a b l e s  witd n-m of those  

v a r i a b l e s  s e t  t o  z e r o ,  i t  fo l lows t h a t  a  b a s i c  f e a s i b l e  s o l u t i o n  can 



be found i f  the  m v a r i a b l e s  occurr ing i n  the  va r ious  energy balances 

a r e  l i n e a r l y  independent and non-negative. 

.An a l g e b r a i c  procedure f o r  f i n d i n g  an optimum s o l u t i o n  t o  t h i s  

economic problem would be a s  follows: 

a. Compute a l l  b a s i c  f e a s i b l e  s o l u t i o n s  by s e t t i n g  a l l  

combinations o f  t h e  n-m v a r i a b l e s  t o  ze ro  and so lv ing  the  

r e s u l t i n g  system of equa t ions .  

b .  Compute t h e  t o t a l  n e t  p r o f i t  f o r  each bao ic  f e a s i b l e  s o l u t i o n  

found i n  S tep  1. 

For any l i n e a r  programming problem, a  s e t  of values  f o r  t h e  

v a r i a b l e s  which s a t i s f i e s  a l l  of the  c o n s t r a i n t s  is  c a l l e d  a  

f e a s i b l e  s o l u t i o n ,  of which t h e r e  a r e  an i n f i n i t e  number. There a r e  

a f i n i t e  number of  b a s i c  f e a s i b l e  s o l u t i o n s .  However, the  p o s s i b l e  

number can be extremely l a r g e  even f o r  r e l a t i v e l y  smal l  values  of  m 

and n. For example, f o r  n  = 30 and m = 10 t h e r e  are more than 30 

m i l l i o n  b a s i c  f e a s i b l e  s o l u t i o n s .  C lea r ly  above two-step 

procedure i s  imprac t i ca l  except f o r  very small Linear progranging 

prahl *!,I$. 

. . 

For tuna te ly ,  a  method f o r  f ind ing  t h e  optimal s o l u t i o n  o f  a l i n e a r  

programming prublem Whlch does not  enumerate a l l  bas ic  s o l u t i o n s  i s  

a v a i l a b l e .  This method, c a l l e d  t h e  simplex method, h a s  been uced i n  

t h i s  p r o j e c t  . 

Althongh an optimum p c o f i t  i g  sought each time t h e  biomass 

a l l o c a t i o n  program i s  executed,  t h e  a c t u a l  numerical value  of t h e  

p r o f i t  i s  l e s s  important  than the  r e s u l t i n g  a l l o c a t i o n  of energy 

flows. The p r o f i t  is  merely used a s  a  means o f  eva lua t ing  one 



d i s t r i b u t i o n  a g a i n s t  a n o t h e r .  From a  u s e r s  p o i n t  of  view t h e  

computer s a t i s f i e s  t h e  fo l lowing  r e q u e s t s :  

a .  Fo r  a  g iven  r eg ion  and season ,  f i n d  t h e  q u a n t i t i e s  o f  energy  

a v a i l a b l e  i n  t h e  farm of t h e  fo l lowing  f eeds tocks :  

( u s e r  i n p u t s  f eeds tock  numbers) 

b .  For t h e  same r e g i o n  and. f o r  t h e  fo l lowing  p roduc t s  and market 

s e c t o r s ,  r e t r i e v e  t h e  a p p r o p r i a t e  energy demand and s e l l i n g  

p r i c e  informat ion:  

( u s e r  i n p u t s  market  s e c t o r  and p roduc t  numbers) 

c .  For t h e  above f eeds tocks  and demand, r e t r i e v e  a l l  e f f i c i e n c y  

and manufacturing c o s t  d a t a  f r o m . t h e  system d a t a  base :  

( u s e r  makes no e n t r y )  

d.  System o u t p u t s  a  demand based on t h e  supply  a v a i l a b l e .  

( u s e r  a d j u s t s  demand e s t i m a t e  i f  neces sa ry )  

e .  Solve  t h e  r e s u l t i n g  a l l o c a t i o n  problem. 

( u s e r  makes no e n t r y )  

f. P r i n t  o u t  t h e  r e s u l t i n g  a l l o c a t i o n .  A t  t h i s  p o i n t  t h e  prog,rarn 

p r i n t s  o u t  t h e  r e s u l t s  a s  shown i n  F i g u r e  5-4.  

5 .2 .2  L i n e a r  Programming 

S e v e r a l  commercial program packages a r e  a v a i l a b l e  f o r  s o l v i n g  l i n e a r  

programming problems. Also some pub l i shed  programs a r e  a v a i l a b l e .  

The use  o f  one such p'rogram (developed by t h e  Lawrence Livermore 

Labora tory)  was i n v e s t i g a t e d .  Th i s  program was o r i g i n a l l y  w r i t t e n  

i n  LRLTXAN (a FORTRAN-like language) and was t r a n s l a t e d  i n t o  FORTRAN 

I V  f o r  use  on the, G i l b e r t  Assoc ia t e s  Computer System. A t  t h e  same 

t ime a  biomass problem-or iented  ma t r ix  g e n e r a t o r  program was 



designed, implemented and checked o u t  us ing an LP program w r i t t e n .  

from s c r a t c h .  A t  t h i s  p o i n t  it was determined t h a t ,  i n  o rder  t o  

change t h e  s i z e  of the  LP problem a t  run time, the  LRLTRAN package 

would r e q u i r e  more conversion work than was f i r s t  thought . .  Also,  it 

was found t h a t  t h e  matr ix  generator  (which was of n e c e s s i t y ,  

problem-dependent) represented such a l a r g e  f r a c t i o n  of the  t o t a l  

programming e f f o r t  t h a t  Ft was e a s i e r  t o  continue t o  develop the  

in-house simplex .program. This program is  .ou t l ined  i n  t h e  followi.ng 

sec t ion .  Some programming information is  included,  but  most of t h e  

programming d e t a i l s  a r e  explained i n  Appendix C .  

I n  genera l ,  the  system u f  imax p l u s  jmax equations given by 

and : 

has an  i n f i n i t y  of s o l u t i o n s .  Each s o l u t i o n  depends upon the  

s p e c i f i c  s e t  of feedstocks s e l e c t e d  (Fi) f o r  s a t i s f y i n g  t h e  demands 

(Di), and the  way i n  which those feedstocks a r e  a l l o c a t e d ,  The 
objec t ive  of developing a snl~!t.icru is  t o  deceminc  the  f .  such 

1 , j  
t h a t  the  t o t a l  p r o f i t  is as l a r g e  a s  possih1.e 

The t o t a l  p r o t i t  (P) being given by t h e  equat ion (1) 

i jmax msx 



Problems which can be formulated i n  t h i s  manner a r e  c a l l e d  l i c e a r  

programming problems. They have the  following t h r e e  main 

components: 

a .  A l i n e a r  o b j e c t i v e  func t ion  such as  equat ion (11, 

b .  A l i n e a r  c o n s t r a i n t  s e t  such as  equat ions  (4)  and 

( 5 )  , and 

c .  A s e t  of n o ~ e q a t i v i t y  r e s t r i c t i o n s  on t h e  v a r i a b l e s .  

Since a l l  theory r e l a t i n g  t o  l i n e a r  systems dea l s  with l i n e a r  

equat ions  r a t h e r  than i n e q u a l i t i e s ,  it i s  d e s i r a b l e  t o  convert  the  

i n e q u a l i t i e s  represented by (2) i n t o  equat ions .  That i s ,  t o  w r i t e :  

f 2 , 1  + f 2 , ~  + f 2 , 3  
+ . . . . + W2 = F2 e t c .  ( 4 )  

Each v a r i a b l e  W .  may be i n t e r p r e t e d  as  the  amount of feedstock i not  
1 

needed t o  s a t i s f y  the  f ixed  t o t a l  demand. These v a r i a b l e s  a r e  

c a l l e d  s l a c k  v a r i a b l e s .  

I n  o rder  t o  generate  an optimum s o l u t i o n  it- i s  convenient t o  s t a r t  

wi th  W1 = F1, W2 = F2 e t c . ,  and with a l l  of the  f i  equal t o  ze ro .  , j 
Such a soluclun Is c a l l e d  a  b a s i c  f e a s i b l e  so luLiuu.  

Although t h i s  b a s i c  f e a s i b l e  s o l u t i o n  s a t i s f i e s  (2)  i t  w i l l  not  

s a t i s f y  (3 ) .  I n  o rder  t o  overcome t h i s  d i f f i c u l t y  it  i s  necessary 

t o  add a  v a r i a b l e  t o  each demand equat ion as  follows: 



These v a r i a b l e s  a r e  a r t i f i c i a l  v a r i a b l e s ,  not  s l a c k  v a r i a b l e s .  They 

do no t  correspond t o  any phys ica l  q u a n t i t y ,  and, t h e r e f o r e ,  they can 

n o t  be p a r t  of t h e  f i n a l  s o l u t i o n .  

For t h e  purpose of so lv ing  t h e  biomass problem they may be regarded 

a s  a d d i t i o n a l  h igh c o s t  energy streams which a r e  a s s o c i a t e d  with 

each demand made i n  o r d e r  t h a t  t h e  f i x e d  demand a t  t h a t  mode can be 

met a t  t h e  same time t h a t  a l l  of t h e  f. a r e  assumed t o  be ze ro .  
L , J  

I n  o rde r  t o  genera te  an  optimum s o l u t i o n ,  it is  f i r s t  necessary  t o  

i n c r e a s e  some of the  f  s treams (and a t  t h e  same time reduce some 
i , j  

of t h e  Wi) such t h a t  t h e s e  high c o s t  dummy inpu t s  a r e  no longer  

required;  t h a t  i s ,  u n t i l  a l l  of the  U ' s  a r e  ze ro .  The next  s t e p  i s  

t o  cont inue reducing t h e  W and t o  continue inc reas ing  t h e  f i  i , j 
u n t i l  a  feedstock a l l o c a t i o n  i s  a r r i v e d  a t  which corresponds t o  

maximum . t o t a l  n e t  p r o f i t .  

During t h e  f i r s t  s t e p  of t h i s  two s t e p  process  some incen t ive  must 

be used t o  e l i m i n a t e  the  U ' s .  This i s  done by ass ign ing  a high 

nega t ive  p r o f i t  t o  each va lue  o f  U .  That i s  t o  maximize: 

'ma, i max 
P 3  L 1 ( [S j  - Mi . ] )  qi . £ .  - C U . )  

, J , J  l t j  J 

I n  t h i s  modified problem. C repres~n- t s  a very large pt3sitivu numbcr. 

5.2.3 The Simplex Method 

In  thc ahovc ouLline it bas i n d i c a t e d  t h a t  t h e  Wi must be reduced 

and t h e  f i  increased by means of a sys temat ic  approach. The , j 
sys temat ic  approach usua l ly  employed i s  known a s  the  simplex method 

E s s e n t i a l l y ,  t h e  simplex method i s  an a lgor i thm which gencra tes  a 

sequence of b a s i c  f e a s i b l e  s o l u t i o n s  i n  such a  way t h a t  each new 

s o l u t i o n  generated has a value of the  o b j e c t i v e  func t ion  P which i s  



a t  l e a s t  a s  l a r g e  a s  t h e  value  of P f o r  the  most r e c e n t l y  computed 

s o l u t i o n .  k len a  b a s i c  f e a s i b l e  s o l u t i o n  and a  corresponding value  

of P have been computed, t h e  simplex method au tomat ica l ly  excludes 

from cons idera t ion  a l l  b a s i c  f e a s i b l e  s o l u t i o n s  wi th  smal ler  values  . 

of P .  I n  a d d i t i o n ,  the  simplex method i s  ab le  t o  determine when it 

has comvuted an optimal f e a s i b l e  s o l u t i o n  so t h a t  i t  i s  not  

necessary t o  at tempt t o  f i n d  b e t t e r  s o l u t i o n s  when none, i n  f a c t ,  

e x i s t s .  

I n  order  t o  s t a r t  the  simplex procedure i t  is f i r s t  necessary t o  

arrange t h e  input  information i n  t a b u l a r  form. The format. employed 

i s  shown i n  Figure  5-5 f o r  the, following 3 x 3 problem: 

Where P = (Sl-H2,1) ' l , l f l , l  



Given t h i s  i n i t i a l  t abeau  the. s i A q l e x  procedure  as  prugrammed is  a s  

fo l lows :  

S t ep  1. Form an n b j e c t i v e  column. This  coluliln c o n s i s t s  of  t h e  

n e g a t i v e  n e t  worth o f  the v a r i a b l e s  W1 th rough Wq and U 
- 

t h rough  U3. (Bote: a  n e g a t i v e  n e t  worth of  u n i t y  i s  

assumed f o r  U1 th rough Uj. This i s  a  temporary 

assumption.  A c t u a l l y ,  a l l  n e g a t i v e  n e t  worths a s s o c i a t e d  

w i t h  t h e  U v a r i a b l e s  a r e  summed i n  t h e  ENC row. 

The re fo re ,  t h e  n e g a t i v e  n e t  wor th ,  o r  p e n a l t y ,  due t o  each  

such  sum Can assume any d e s i r e d  maguitude r e l a t i v e  t o  t h e  

summed n e g a t i v e  n e t  worths i n  t h e  index row) 

Ste? 2 .  Find t h e  index number a t  t h e  base  of  each  column by 

rnulc ip ly lng  t h e  f eeds tock  numbers i n  ~ h r  body 6f t h a t  

column by t h e  cor responding  numbers i n  t h e  ob j . ec t ive  

column. Add t h e s e  p roduc t s  t o g e t h e r .  Then s u b t r a c t  t h e  

number i n  t h e  o b j e c t i v e  row ( f o r  t h a t  collimn) from t h i s  

t o t a l .  Th i s  s t e p  i s  r epea ted  f o r  a l l  colrlmns (JJ = 1 

through 15)  and f o r  rows I1 = 1 through 3 .  

Step  3 .  For  rows I1 = 4 through 6 and columns corresponding  t o  

JJ = 1 tkrough 1 2 , - m u l t i p l y  t h e  demand numbers i n  t h e  body 

o f  t h e  column by t h e  cor responding  numbers i n  t h e  

o b j e c t i v e  column ( i n  f a c t  o n e s ) .  Add t h e s e  p roduc t s  

t o g e t h e r .  and s t o r e  t h e  r e s u l t  i n  t h e  E?IC row. 



The above s t e p s  a r e  only  necessary  i n  the  i n i t i a l  formulation of the  

problem and need not  be repeated once the  index row ha= been found 

f o r  t h e  f i r s . t  t ime.  When t h e  f i r s t  t ab leau  has been p roper ly  

se t -up,  a l l  succeeding t ab leaus  a r e  obta ined by repea t ing  the  

fo l lowing s e r i e s  of s t e p s :  

a .  S e l e c t  t h e  smal les t  p o s i t i v e  number i n  the  index row.and 

save it a s  TMIN 

b .  S e l e c t  t h e  s m a l l e s t  p o s i t i v e  number i n  t h e  EMC row and 

save it a s  EMCMIN 

c .  I f  EMCMIN i s  g r e a t e r  than ze ro ,  use t h e  JJ value  

" corresponding t o  EMCMIN a s  the  key column. I f  no p o s i t i v e  

EMC elements a r e  found, it i n d i c a t e s  t h a t  Phase 1 has 

ended. A t  t h e  end of Phase 1 a l l  subsequent searches  f o r  

t h e  key column a r e  made without regard f o r  t h e  contents  of 

t h e  EMC row. I n  the  event  t h a t  these  two EMC elements a r e  

found t o  have t h e  same va lue ,  then t h e  key column i s  

s e l e c t e d  by summing t h e  con ten t s  of t h e  index and EHC rows 

f o r  each value  of JJ, and by s e l e c t i n g  t h a t  value  of JJ 

corresponding t o  t h e  g r e a t e s t  sum. 

NOTE : Steps  a  through c  a r e  used t o  determine t h e  key column. 

d .  Divide p o s i t i v e  numbers i n  t h e  key column i n t o  

corresponding ntimbers i n  t h e  constant  column. , 

e .  S e l e c t  t h e  l e a s t  p o s i t i v e  r a t i o  of t h e s e  q u o t i e n t s .  Note 

t h a t  t h i s  value  of I1 is  t h e  key row, and t h a t  t h e  element 

corresponding t o  t h e  i n t e r s e c t i o n  of t h e ' k e y  column and 

t h e  key row i s  the key number. 



f .  Divide  t h e  key number i n t o  eve ry  number i n  t h e  key row. 

g. A l l  o t h e r  numbers f o r  t h e  nex t  t a b l e a u  a r e  de r ived  a s  fo l lows :  

Corresponding Corresponding 

Derived s e l e c t e d  Number i n  Xumber i n  - - - 
Number Number Key Row x Key Column 

Key Number 

h .  Repeat  s t e p s  "af' th rough "g" u n t i l  no p o s i t i v e  numbers e x i s t  i n  

t h e  index row (exc lud ing  t h e  c o n s t a n t  column). A t  t h i s  p o i n t  

a n  optimum s o l u t i o n  has been ob ta ined .  

Each t ime a  number i s  found,  t h e  v a l u e  of JJ corresponding  t o  t h a t  

key column i s  s t o r e d  i n  t h e  v e c t o r  MS. This  v e c t o r  i s  t h e n  used i n  

o r d e r  t o  de termine  which of t h e  v a r i a b l e s  have emerged a s  t h e  

s o l u t i o n  t o  t h e  problem. 

5 . 2 . 4  Data Base 

The p r i ~ n a r y  object~.vft .of supp iy ing  the uptimltatlon program w i t h  

f e e d s t o c k  and system in fo rma t ion  i s  t o  p rov ide  i n p u t  d a t a  f o r  t h e  

l i n e a r  programming problem. Consequently,  t h a t  i n fo rma t ion  was 

o rgan ized  i n  a  way which was s u i t a b l e  f o r  t h e  problem s e l e c t i o n ,  

m a t r i x  s e t - u p ,  and l i a e a r  p r o g r a w i u g  s e c t i o n s  of the system. That  

. o r g a n i z a t i o n  i s  si.rmmarixed i n  Tablti 3-1. 

From Tab le  3-1 and t h e  fo l lowing  equa t ions :  



i max 

where, qi, = f l  (EPRIM, ESEC, EFIX) 

and where f l  and f  a r e  func t ions  descr ibed p rev ious ly ,  it follows 2 
t h a t  a l l  of t h e  da ta  needed t o  c a l c u l a t e  t h e  optimum a l l o c a t i o n  of 

feedstock B t u ' s  t o  product B tu ' s  ( t h a t  i s  t o  c a l c u l a t e  the  f i  .) a r e  
, J  

a v a i l a b l e .  

5.2.5 Problem S e l e c t i o n  

Each run involves  the  following t h r e e  phases:  

. A problem s e l e c t i o n  phase ,  

. .4n opt imiza t ion  phase,  and 

. A r e p o r t  genera t ion phase .  

A s e l e c t i o n  phase i s  necessary  f o r  s e v e r a l  reasons.  I n  the  f i r s t  

p l a c e ,  i f  an LP problem were formulated on the  b a s i s  of 100 

feedstocks  and 32 products ,  an unreasonably l a r g e  i n i t i a l  t ab leau  

would be required.  Reference t o  Appendix C shows t h a t  f o r  

IMAX = 100 and JMAX = 32 

ml2 = ( I W  + JMAX + 1)  + IMAX + JMAX + 1  = 3334 

W4 = IMLY + JMAX'+ 1 = 133 



This means t h a t  a  t ab leau  conta ining 133 x 3334 = 443,422 elements 

would be requ i red .  C lea r ly  some reduct ion i n  problem s i z e  is  

d e s i r a b l e .  

A s e l e c t i o n  procedure i s  a l s o  needed because of the f a c t  t h a t  f o r  

p u r e l y  t e c h n i c a l  reasons some manufacturing paths  w i l l  be f e a s i b l e  

and some no t  f e a s i b l e .  I n  a d d i t i o n ,  more than one conversion pa th  

may e x i s t  f o r  a  given feedstock and product.  Tn order t o  dea l  w i t h  

t h i s  s i t u a t i o n  programming l o g i c  has been included t o  s e l e c t  an 

o v e r a l l  conversion pa th  of t h e  type shown i n  Figure  5-6. 

A t  t h e  p r e s e n t  time t h i s  s e l e c t i o n  l o g i c  i s  a s  follows: 

a .  S e l e c t  t h e  first in termediate  product .  

b .  Ca lcu la te  t h e  product (EFFl) of e f f i c i e n c i e s  f o r  t h e  s e l e c t e d  

p a t h .  

c .  Ca lcu la te  the sum (MAHI) of t h e  manufacturing c o s t s  f o r  the  

s e l e c t e d  p a t h ,  b u t  abandon any pa th  f o r  which any manufacturing 

c o s t  i s  zero .  

d .  Ca lcu la te  the  r a t i o  EFFlIMANl 

P Repeat thc above s t e p s  f o r  each rnters lcdia te  p r n r i ~ ~ r t  and c e l c c t  

t h e  integmediatc prnducL w i t h  chc k lghcs t  ra ~ i o .  

f .  The conversion path i s  a l s o  abandoned i n  the  event t h a t  no 

feedstock d a t a ,  o r  product d a t a  e x i s t s  o r  i f  any e f f i c i e n c y  f o r  

t h e  pa th  is  ze ro .  

I n  order  t o  complete the  s e l e c t i o n  process ,  the  surviving values  of 

Fi, Di, Sit qi . ,  and Mi . a r c  organized i n t o  vec to rs  and matr ices  
, J  9 J 

of  the  t-ype required by the  l i n e a r  programming subrou t ine .  



5.3 RESULTS 

The o b j e c t i v e s  and methods assoc ia ted  with t h e  Biomass Al loca t ion  

Hodel have .been descr ibed i n  previous  s e c t i o n s  and i n  t h e  appendices 

t o  t h i s  r e p o r t .  The purpose of t h i s  s e c t i o n  i s  t o  d i s c u s s  some of 

t h e  r e s u l t s  which were obta ined f o r  a  s p e c i f i c  da ta  base  of c o s t s  . 

and a v a i l a b i l i t i e s .  The 0 b j e c t i v e . i ~  no t  t o  draw s p e c i f i c  

conclus ions  from the  numerical r e s u l t s  ob ta ined ,  but  r a t h e r  t o  show 

how t h e  system might be used t o  e x t r a c t  u s e f u l  p l a ~ i n g  informat ion.  

X t e rmina l  s e s s i o n  shown i n  Figure  5-7 was used t o  genera te  t h e  

s e s s i o n  shown i n  Figures  5-8 and 5-9. I n  most cases  a  u s e r  w i l l  

wish t o  i n v e s t i g a t e  s e v e r a l  demands be fo re  drawing any conclus ion 

about t h e  d e s i r a b i l i t y  of the  va r ious  feedstock-to-product 

conversion pa ths .  For example, Figure  5-9 shows the  a l l o c a t i o n  

genera ted a s  a  r e s u l t  of assuming a  low demand. 

Note t h a t  a l l  of t h e  white oak, hemlock, and softwood feedstocks  

have been a l l o c a t e d ,  b u t  on ly  a  small  amount of hard maple was 

a l l o c a t e d .  , T h i s  shows a  preference  f o r  white oaks, ,hemlock,  and 

softwood, given t h a t  a l l  s p e c i f i e d  demands must be s a t i s f i e d .  

Useful information is  a l s o  obtained by spec i fy ing  a  demand which i s  

g r e a t e r  than t h e  supply.  This is the  s i t u a t i o n  i n  Flgure  5-10 where 

it should be noted t h a t  the  a l l o c a t i o n  program has given p re fe rence  

t o  r e s i d e n t i a l  f u e l  o i l ,  r e s i d e n t i a l  SNG, and e l e c t r i c  poser 

genera t ion .  

Note a l s o  t h a t  a d d i t i o n a l  information can be  der ived from a  run 

where a  high demand is  s p e c i f i e d  such a s  t h a t  shown i n  Figure  5-11. 

I n  t h i s  case ,  al though t h e  high demand of 49 t r i l l i o n  Btu pe r  year  

cannot be s a t i s f i e d ,  t h e  system maximizes the  p r o f i t  by conver t ing 

a l l  feedstocks  t o  e l e c t r i c i t y .  X "User 's  Manual" f o r  t h i s  

. a l l o c a t i o n  system i s  included i n  Appendix A .  
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SOLUTION FOUND 
FEEDSTOCK FEEDSTOCK FEEDSTOCK PRODUCT INTERMEDIATE l PRODUCT SELLING 
NUMBER AVAILABLE USED NUMBER PROCESS DEIYAND PRICE - (MMBtu/YR) (MMBtu/YR) (MMBtu/YR) (S/NMBtu) 

1 0.136 1E+07 0.136 1E+07 17 1 0.2425E+07 0.7056E+O 1 
7 0.1641E+07 0.1641E+07 17 1 0.2425E+07 0.7056E+01 

28 0.8820E+06 0.37352+06 15 3 0.1078E+07 0.6664E+01 
3 0 0.7588E+05 0.7588E+05 15 3 0.1078E+07 0.6666E+01 
2 8 0.8820E+06 0.5084E+06 17 1 0.2425E+07 0.70568+01 

REGION=NY/P.4/W 
SEASON=SUMPIER 
NUKBER OF ITERATIONS=lO 
TABLEAU SIZE= 1200 BYTES. 
PROFIT FOR ITERATION 9 = 0.49704E+07 
PROFIT FOR ITERATION 10 = 0.50155E+07 

FEEDSTOCK PRODUCT EFFICIENCY MANUFACTURING PROFIT 
XLMBER/NAME NUMBER/ SECTOR/PRODUCT COST 

l.OAKS,WHITE(S,E)2 17. RESISNG 0.696E+00 0.528E+O 1 0.169E+07 
7 .MAPLE ,HARD (E) 17. RES/SNG 0.696E+00 0.540E+01 0.189E+07 

28. HEMLOCK(E) 15. RES/FUEL OIL 0.610E+00 0.3788+01 0.658E+06 
30 .SOFTWOOD(O,E) 15. RES/NEL OIL 0.610E+00 0.378E+01 0.134E+06 
28 .HEHLOCK(E) 17. RESISNG 0.660E+00 0.512E+01 0.650E+06 

DATA BASE INCOMPLETE FOR THE FOLLOWING PAIRS OF FEEDSTOCKS -4ND PRODUCTS: 

FEEDSTOCK PRODUCT 
NUMBEX/NAME KUMBER/SECTOR/PRODUCT DATA MISSING 

10 . SWEETGUM (E) .;lu PRODUCTS (ABOVE) FEEDSTOCK AMOUNT 
SO. BARLEY ALL PRODUCTS(AB0VE) FEEDSTOCK AMOUNT 
58. RYE ALL PRODUCTS(AB0VE) FEEDSTOCK AMOUNT 

1. In some cases intermediate and secondary conversion data are used. In 
other cases the Intermediate process is also the overall process. The 
following intermediate product information has been entered into the 
system as a function of feedstock number: 

1. Medium Btu Gas 
2. Low Btu Gas 
3. Fuel Oil 
4. Electricity 

2 .  Feedstock names have been limited to 16 characters. The single ietter 
in parentheses denote the following : 

S - Select 
0 - Other 
E - Eastern 
W - Western 
Figure 5-4 Print Out of Typical Biomass Allocation Sollution 
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- TO RE-STAXT SELECTION PROCESS "A" 

B. SELECT REGION ? 

C. SELECTION SEASON 

1. SPRING 
2.  SUMMER 
3. AUTUMN 
11. G~FNTER 

P 

K. SELECT FEEDSTOCKS 
0 

1 , 7 , 1 0 , 2 8 , 3 0 , 4 9 , 5 0 , 5 8  

H. SELECT MARKET SECTOR 

1. TRANSPORTATION 
2 .  RESTnmTm 
3.  CH.EMICUS 
4. ZLECTRIC UTILITY 

SELECT PRODUCT 

1. LOW Bm CAs ' 

2. XEDIUM BTU GAS 
3. FUEL OIL 
4.  ELECTRICITY ' 

5. SNF: 
6 a N O N T A  

, . 7 .  XETHANOL 
8. GXSOLLUE 

ENTER. 
0 

2 ,5  
= .  
2 , 3  
= 

1 9 8  
0 

4 , 4  
= 
t 

"SECTOR", "FRODUCT" 

F i s r e  3-7 il T n i c a l  a i o m s s  A l l o c a t i o n  F r o b l m  I n  3 e  Tornat  
Gihich Is Used To P r e s e n t  It To The C o n ~ u t e r  

5-24 
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Figure  5-8 S o l u t i o n  To The Biomass A l l o c a t i o n  Problem 
Shown i n  Figure 5-6. 
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6.0 SUMMARY AND RECOMMENDATIONS 

6.1 SUMMARY 

a. A simplex computer program has been successfully developed and 

demonstrated for solving linear programming problems dealing 

with biomass allocation optimization. The program calculates 

the most profitable allocation of biomass materials for 

satisfying specific fuel needs through thennochemical 

conversion processes. A "User's Manual" for the system has 

been prepared. 

Data which are considered in the calculation are regional and 

seasonal availabilities of biomass materials, regional costs of 

biomass materials, regional demands and selling prices of fuels 

derived from biomass, and efficiencies and manufacturing costs 

for the thermochemical conversion processes. 

b. An initial data base has been derived from published 

information. Provisions have been built into the program to 

update the data base as new data become available. Biomass 

prices and fuel demand data  were derived from the SRT studies. 

Won-woody and ~ o o d y  biomass availabiliLy figures were derived 

from EPRI and SRI studies. Fuel manufacturing costs were 

developed with a computer program with data from MITRE and 
Gilbert A s s n r i a t . e s '  studics. Selliug prices are based on 

current 1980 prices extrapolated to 1985. 

c. .Potential users of the system are: 

1. The energy planner who must make decisions concerning the 

most profitable regional allocation of biomass resources. 

2 .  The educator to demonstrate how market and processing 

conditions can affect the most profitable allocation of 

biomass resources. 



3 .  The biomass program manager to provide information on 

research needs relating to questions such as: what are 

the process efficiencies and fuel manufacturing costs 

which must exist before a thermochemical conversion 

process can become commercially competitive? 

4 .  The biomass resource planner to determine the quantity of 

specific biomass species which must be made available in 

his region in order to satisfy specific fuel needs. 

6.2 RECOMMENDATIONS 

a. To be of continued value, the data base for the biomass 

allocation model must be updated at least annually. The 

information entered into the existing data base has been taken 

from studies as old as four years. As conversion technologies 

are perfected, fuel manufacturing costs and process 

efficiencies will become more precise. Also, in many cases, 

biomass prices are unknown today because they have no 

commercial value. Studies currently in progress are developing 

more precise data on: fuel manufacturing costs, fuel 

manufacturing efficiencies, biomass costs, biomass 

availabilities, fuel selling prices, and fuel demands. 

As these data become available; the initial data base should be 

updated. Provisions have been built into the program,. as 

described in Chapter 4, which allow for the data to be updated. 

b. The data base now contains efficiencies and manufacturing costs 

restricted to thermochemical conversion technologies. It is 

recommended that the data base be expanded to include 

bioconversion technologies as well. Such an expansion of the 

data base would allow for a far more meaningful assessment of 

the biomass allocation options. The present computer program 

can accommodate the bioconversion data. 



c. The existing software runs'on the Gilbert/Commonwealth 

Corporate IBM 370 system. To use the system away from the 

company requires a terminal connected by a telephone line to 

the 370 system. This creates 'problems because of the reliance 

upon communciation systems designed for voice communication. 

For this reason it is recommended that the software systems be 

implemented on a readily available small machine or on a 

central system such that the program may be accessed over a 

time-sharing network. 

d. The biomass allocation model should be tested and evaluated 

from a user's point of view. This would be accompli~hed 

through consultations with potential governmental and 

industrial users of the system and obtaining from,them 

specificatinns on how the program can be applied eo and 

possibly revised for their needs. 

e. During development of the present program, specific features 

have been identified which would enhance the versatility of the 

system. IL is recommended that the following capabilities be 

added to the system: 

1. A mechanism allowing -the user to specify the year for 

which the biomass feedstock allocation is required. (At 

the present time the system provides data only for the 

year 1985.) 

2. A mechanism which allows for different. transportation 

costs to be  sod as part of thc biomass feedstock costs. 

3. A mechanism which allows the user to specify aggregates of 

feedstocks instead of having to specify feedstocks on an 

individual basis. 



,' 
4. A mechanism which takes into consideration the effect that 

interfuel competition can have on the selling prices of 

biomass derived fuels. 

f. The present data base is limited to four, 2 to 3 state regions 

in the United States. By expanding this .data base to include 

the entire United States, the usefulness of the model would be 

expanded. Larger regions would expand the biomass feedstock 

and ,derived fuel options. On a larger scale, the'data base 

could be expanded to.include individual countries. 





7 .0  REFERENCES 

1. SRI Study. "Mission Analysis  f o r  t h e  ~ e d e r a l  Fue l s  from Biomass 

Program," Volume 11: Mission S e l e c t i o n ,  Market P e n e t r a t i o n  Modeling 

and Economic Eva lua t ion ,  F i n a l  Report ,  December 1978, TID-29091. 

2 .  EPRI Study. "Evaluat ion of t h e  P o t e n t i a l  f o r  Producing Liquid Fue l s  

from Biomate r ia l s , "  AF-974, S p e c i a l  Study P r o j e c t  TPS77-716. F i n a l  

Rcport ,  ~ a u u a r y  1979. 

-3 .  SRI Study.  "Mission Analysis  f o r  t h e  Federa l  Fue l s  from Biomass , 

Program," Volume 111; Feedstock A v a i l a b i l i t y ,  Firial  Repor t ,  January 

1979, SAN-0115-TI. 

4 .  b l l s s ,  C .  and D.  0 .  Blake. S i l v i c u l t u r a l  Biomass Farms, Volume V ,  

Conversion Processes  and Costs .  Mit re  Corporat ion f o r  US ERDA. 

May 1977. MTR-7347 ,(Val. 5 ) .  

5 .  G i l b e r t  A s s o c i a t e s ,  Inc .  Assessment nf F o s s i l  Encrgy Techuulogy f o r  

E l e c t r i c  Power Generation - Volume 1. For US ERbA, O f f i c e  of 

Program Planning and A n a l y ~ i c .  March,'1977. 

6 .  Commerciaf F o r e s t  Land and Crop Land "Fores t  S t a t i s t i c s  f o r  t h e  U;S. 

by S t a t e  and Region," F o r e s t  S e r v i c e ,  U.S. Dept. of A g r i c u l t u r e  

1972. 

7.  "Net Cubic Fee t  Vnlume of Softwood dud Hardw'ood Stock i n  Commercial 

Timberland i n  Study Areas 1, 2 ,  3 and 4 ,"  U.S. F o r e s t  Serv ice  -- 
U.S. Uept. of  Agr icu l tu re .  Unpublished Reso~lrce  Data Banlc, RPA Fur~n 

No. 14,  Tables 25,  26,  and 29.  Obtained from t h e  Nor theas te rn  

F o r e s t  Experiment S t a t i o n ,  Broomall, PA. 

8 .  MITRE Corporat ion.  Near-Term P o t e n t i a l  of Wood a s  Fue l .  For 

US DOE, August 1978, HCP/T4101-02. 



9. Voltz, S. E. et al., Development Studies on Conversion of Methanol 

and Related Oxygenates to Gasoline. Mobil Research and Development 

Corp. for US DOE. - November 1976, FE-1773-25. 

10. Shelton, J. and A.  Shapiao, The Woodburner's Encyclopedia,' Vermont, 

Crossrpads Press, 1976. 

11. Kollman, F. and W. Cote, Principles of Wood Technology I: Solid Wood, 

Springer-Verlag, Berlin, 1968. 

aU.S .  GOVERNMENT PRINTING OFFICE: 1980640351/043 




