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LEGAL NOTICE: This report was prepared by Decision Focus Incorporated as an 
account of work sponsored by the Gas Research Institute (GRI). Neither 
GRI, members of GRI, nor any person acting on behalf of either: 

a. Makes any warranty or representation, express or implied, with 
respect to the accuracy, completeness, or usefulness of the 
information contained in this report, or that the use of any 
information, apparatus, method, or process disclosed in this 
report may not infringe privately owned rights; or 

b. Assumes any liability with respect to the use of, or for damages 
resulting from the use of, any information, apparatus, method, or 
process disclosed in this report. 
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To provide a n a l y t i c  support  and eva lua t ion  of G R I 1 s  
t e chn ica l - l eve l  p r o j e c t  a r e a  planning and budget-level 
program planning f o r  t h e  marine biomass p ro j ec t  a r e a  a t  
G R I  . 
A need ex i s t ed  a t  GRI t o  coord ina te  t h e  t echn ica l  informa- 
t i o n  a t  t h e  program and p ro j ec t  a r e a  l e v e l  with t h e  plan- 
ning information c o l l e c t e d  f o r  s e t t i n g  t h e  budget. Because 
of t h e  l ack  of an e x p l i c i t  coord ina t ing  l i n k ,  t h e r e  was no 
guarantee  of cons is tency  between p r o j e c t  p lans  and t h e  
o v e r a l l  GBI program plan. This  s tudy  provides such a  l i n k  
f o r  t h e  marine biomass p r o j e c t  a r ea .  The eva lua t ion  
presented he re  can se rve  as an  input  t o  G R I 1 s  P r o j e c t  
Appraisal  Methodology (PAM) eva lua t ion  process  used f o r  
program planning a t  G R I  a s  w e l l  as providing s t r a t e g i c  
guidance f o r  marine biomass p r o j e c t  a r e a  management a t  GRI.  

The o v e r a l l  economic b e n e f i t s  t h a t  w i l l  occur i f  marine 
biomass i s  s u c c e s s f u l  a r e  s u b s t a n t i a l ;  however t h e  prob- 
a b i l i t y  of achieving those b e n e f i t s  i s  assumed by G R I  t o  be 
r e l a t i v e l y  s m a l l .  To i l l u s t r a t e ,  us ing  a  f i v e  percent  
r e a l  d i scount  r a t e ,  t h e  p re sen t  va lue  of o v e r a l l  economic 
b e n e f i t s  i f  marine biomass succeeds r a t h e r  than  f a i l s  under 
cu r r en t  G R I  funding i s  42.69 b i l l i o n  d o l l a r s .  This  i s  
equiva len t  t o  a n  annual ized b e n e f i t  over t h e  next  45 years  
of 2.40 b i l l i o n  d o l l a r s  per  year.  The b e n e f i t s  spec i f i c -  
a l l y  a t t r i b u t a b l e  t o  G R I ,  u s ing  a f i v e  percent  r e a l  d i s -  
count r a t e  and G R I ' s  c u r r e n t  a c t i v i t i e s  i n  marine biomass, 
i s  7.88 b i l l i o n  d o l l a r s ,  which is  equiva len t  t o  a n  annual- 
ized  b e n e f i t  of 440 m i l l i o n  d o l l a r s  per  year  i n  each of t h e  
next  45 years.  This  would y i e l d  roughly a  $0.022/MMBtu re- 
duc t ion  i n  t h e  p r i c e  of a l l  gas  i n  every one of t h e  next  45 
years.  Therefore,  GRI's R&D a c t i v i t i e s  can achieve roughly 
18 percent  of t h e  maximum poss ib l e  expected bene f i t s .  

The a n a l y s i s  sugges ts  t h a t  marine biomass i s  b e s t  viewed a s  
a  "long-shot" technology. The p r o j e c t  a r e a  provides a 
smal l  p r o b a b i l i t y  of a  bonanza and a l a r g e  p r o b a b i l i t y  of 



no payoff a t  a l l .  Nonetheless, t h e  smal l  p robab i l i t y  
mu l t ip l i ed  by the  l a r g e  economic b e n e f i t  under t h e  bonanza 
outcome y i e l d s  an expected b e n e f i t  t h a t  i s  l a r g e  enough t o  
j u s t i f y  a c t i v i t y  i n  t h e  marine biomass area.  The r i s k  of 
pursuing t h i s  technology must be balanced aga ins t  t h a t  of 
competing R&D a c t i v i t i e s  a t  GRI .  

Technical  The c a l c u l a t i o n s  presented he re  were made using t h e  DFI 
Approach energy model, which has been ex tens ive ly  rev ised  t o  meet 

t h e  needs of t h i s  eva lua t ion .  This  a n a l y s i s  r ep re sen t s  
marine biomass a t  a r e l a t i v e l y  aggrega te  l e v e l ;  t h a t  is ,  
t h e  var ious  p o t e n t i a l  sources of feedstock a r e  not con- 
s ide red  i n  d e t a i l .  Technology cos t  and performance e s t i -  
mates used i n  t h i s  a n a l y s i s  were provided by G R I  person- 
ne l .  

The degree and timing of pene t r a t ion  of marine biomass 
i n t o  t h e  energy market and t h e  b e n e f i t s  achieved depend on 
t h e  t echn ica l  outcomes of marine biomass technologies  a s  
we l l  a s  those  of competing gas technologies .  The most 
important u n c e r t a i n t i e s  a f f e c t i n g  marine biomass b e n e f i t s  
appear t o  be ( a )  c o a l  g a s i f i c a t i o n  t echn ica l  outcomes, (b )  
marine biomass t echn ica l  outcomes, and ( c )  unconventional 
gas t e c h n i c a l  outcomes. This a n a l y s i s  computes t h e  bene- 
f i t s  of cu r r en t  versus  zero  funding of G R I ' s  marine bio- 
mass p ro j ec t  a r e a  and takes e x p l i c i t  account of t he  f i r s t  
two u n c e r t a i n t i e s .  The s e r i e s  of dec is ions  and p o t e n t i a l  
f u t u r e  outcomes t h a t  can occur i n  t h e  marine biomass proj- 
e c t  a r e a  a r e  enumerated and s t ruc tu red  i n  dec i s ion  t r e e  
format. Each path i n  the  dec i s ion  t r e e  descr ibes  a pos- 
s i b l e  s cena r io  of t echn ica l  success  o r  f a i l u r e  f o r  marine 
biomass technology. 

P ro j ec t  This  a n a l y s i s  was based upon prel iminary cos t  e s t ima te s  
Impl ica t ions  f o r  t h e  marine biomass technology i n  advance of d e t a i l e d  

cos t  engineer ing  s t u d i e s  t h a t  have s i n c e  been completed. 
The prel iminary base l ine  e s t ima te ,  designated i n  t h e  
r e p o r t  a s  GE-RMP, is  q u i t e  c l o s e  t o  t h e  advanced case  
est imated developed by Ralph M. Parsons Co. (GRI p r o j e c t  
5082-511-0627), but s i g n i f i c a n t l y  lower than  t h e  Parsons 
base case. This change does not a l t e r  t h e  q u a l i t a t i v e  
conclusions of t h e  DFI a n a l y s i s ;  however, i t  i n d i c a t e s  
t h a t  marine biomass may be an even longer  range,  r i s k i e r  
technology than was ind ica t ed  by t h e  DFI a n a l y s i s  and may 
have somewhat lower expected b e n e f i t s  than those ind ica ted  
here.  Subsequent supply p ro j ec t  a r e a  ana lyses  using t h e  
DFI model w i l l  i nco rpora t e  t h e  newer c o s t  e s t ima te s  f o r  
t h i s  and o the r  supply technologies .  

GRI Pro jec t  Manager 
K. G. Darrow, Jr. 
A s s i s t a n t  D i rec to r ,  R&D Program Analysis  
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Introduction and Summarv 

This report describes an economic evaluation of the benefits of the 

marine biomass research and development (R&D) project area at the Gas 

Research Institute (GRI). The calculations described here have been made 

using the Decision Focus Incorporated (DFI) energy model, which has been 

extensively revised to meet the needs of this evaluation. The economic 

benefits presented here are calculated in the same format as the inputs to 

the GRI Program Appraisal Methodology (PAM). Thus the evaluation serves as 

a guide for this year's PAM evaluation process for the marine biomass 

program area. 

This analysis considers marine biomass at a relatively aggregate 

level. For example, we do not distinguish the various potential sources of 

feedstock in detail (e.g., Pacific kelp versus sargassum). Rather, we view 

marine biomass as an aggregate commodity and analyze how gas from that 

commodity will compete with alternative sources. 

We have assessed not only the economic benefits of technical success 

relative to failure of the marine biomass program area but also the portion 

of those benefits that can be specifically attributed to GRI funding. As 

with our evaluations of other GRI technologies, three types of economic 

benefit measures have been calculated: 

1. the direct benefit to consumers, which takes account of both the 
reduction in gas price and the increased consumption of gas at 
this lower price, 

2. overall economic benefit, which takes account of direct consumer 
benefits as well as indirect benefits that arise from changes in 
lease bonus payments, royalties, income and other taxes, and 
corporate profits. 



3. the increase in marine biomass production resulting from 
successful R&D. 

For this analysis, we have used technology cost and performance 

extimates provided by GRI'S marine biomass personnel (Kimon Bird), land 

biomass personnel (Pete Benson), unconventional gas personnel (John 

sharer), and coal gasification personnel  ern   ill). 
The overall economic benefits that will occur if marine biomass is 

successful are substantial. However, the probability of achieving these 

benefits is by GRI's estimate relatively small. To illustrate, using a 

five percent real discount rate, the present value of overall economic 

benefits if marine biomass succeeds rather than fails under current GRI 

funding is $42.69  billion. This is equivalent to an annualized benefit 

over the next forty-five years of $2.40 billion per year. This $42.69 

billion present value figure does not represent the benefit specifically 

attributable to GRI'S activities in marine biomass; rather, it represents 

the magnitude of economic benefits that are possible if marine biomass 

technologies can be made to succeed. That is, it represents the maximum 

"prize" marine biomass R&D is seeking. 

The benefits specifically attributable to GRI comprise only a fraction 

of this total. Using a five percent discount rate, the expected value of 

GRI's current R&D activities in marine biomass is $7.88 billion. This is 

equivalent to an annualized benefit stream of $440 million per year in each 

of the next forty-five years. This is equivalent to roughly a $0.022 per 

MMBtu reduction in the price of all gas in every one of the next forty-five 

years. To summarize, GRI's R&D activities can achieve roughly 18.5 percent 

of the maximum "prize" possible if marine gas succeeds. The magnitude of 

economic benefits from GRI's marine biomass R&D program appear to be large 

relative to GRI's annual R&D expenditures in this project area even though 

as we shall see the probability of technical success is not large. 



This analysis suggests that marine biomass is best viewed as a 

"long-shot" technology. The program provides a small probability of a 

bonanza and a large probability of no payoff at all. Nonetheless the small 

probability multiplied by the large economic benefit under the bonanza 

outcome yields an expected benefit that is large enough to justify activity 

in the marine biomass area. Of course, a technology with a small 

probability of a large payoff is risky, and this risk must be balanced 

against that of competing R&D activities at GRI. 

Problem Formulation 

The degree and timing of penetration of marine biomass into the energy 

market and the benefits achieved depend on the technical outcomes of marine 

biomass technologies as well as those of competing gas technologies. Based 

on our previous studies for GRI, the most important uncertainties affecting 

marine biomass benefits appear to be: 

coal gasification technical outcomes 

marine biomass technical outcomes 

0 unconventional gas technical outcomes. 

This analysis computes the benefits of current versus zero funding of GRI's 

marine biomass program area and takes explicit account of the first two 

uncertainties. Based on the results of last year's analysis," the impact 

of a source such as coal gasification, which competes direcly with marine 

biomass in the same time frame, is more important than the impact of a 

source such as unconventional gas, whose primary market impact occurs 

before marine biomass becomes commercial. In addition, rather than 

explicitly considering uncertainty in gas demand, we have instead in an 

approximate manner calibrated gas demand to the level of demand in the GRI 

baseline projection and assumed a price elasticity to characterize 

variation about that calibrated value. We have chosen this calibration 

approach to facilitate analytical consistency among the 

see [I]. 



various divisions of GRI. It is straightforward (but more expensive) to 

explicitly represent uncertainty in gas demand. 

To structure our analysis, we enumerate the series of decisions and 

potential future outcomes that can occur in the marine gas project area. 

See Figure I. The leftmost node in the figure (a square node) represents 

the two GRI funding alternatives considered for the marine biomass program 

area--current funding (which represents a commitment for GRI to fund the 

technology at roughly current levels until comercialization or definitive 

technical failure) and zero funding (which represents abandonment of marine 

biomass R&D by GRI). 

Moving to the second node from the left (a circular node), we have 

represented the different degrees of technical success or failure marine 

biomass might achieve. For purposes of this analysis, we have defined two 

degrees of technical success and one degree of technical failure. 

Marine biomass R&D has now proceeded to the point where the General 

Electric (GE) design for Pacific kelp gasification is probably technically 

feasible (although perhaps not economically justified). We define 

technical failure to mean than no new marine biomass gasification 

technology ever "beats" the current GE small 3 ~ ~ c f / d a y  plant design. 

Furthermore, technical failure is assumed to mean that substrate costs will 

never be reduced from currently anticipated levels, alginate byproducts 

will never be sold and therefore the technology will never receive 

byproduct credits, and currently estimated plant contingency costs will 

never be reduced. In defining technical failure, we have used the GE small 

plant estimate in [ Z ] .  

The tree in Figure 1 indicates that technical failure can occur if GRI 

funds marine biomass at current levels as well as if GRI terminates its 

marine biomass program. The tree indicates that the probability of 

technical failure under current funding is assumed to be 0.5, as specified 

by marine biomass project personnel at GRI. The tree also indicates the 



Advanced Coal 
Marine Biomass Marine  Biomass Gas i f  i c a  t i o n  

R&D Funding D e c i s i o n  T e c h n i c a l  Outcome T e c h n i c a l  Outcome 

S c e n a r i o  

. 5  Success  
2 

F a i l u r e  

F a i l u r e  
4 

Success  
2 

F a i l u r e  

. 3  5\ F a i l u r e  
4 

F i g u r e  1. Marine  Biomass--Decision T r e e  



probability of technical failure under zero funding to be 0.5. That is, 

the probability that marine biomass R&D ultimately fails is assumed to be 

independent of GRI's funding decision in this area. As we shall soon see, 

however, the degree of technical success is assumed to depend heavily on 

GRI's marine biomass funding decision. The benefits of GRI's marine 

biomass program arise from the relatively higher degree of technical 

success that can be achieved by GRI's R&D activities. 

If GRI terminates funding in the marine biomass area, it is assumed 

that some other organization such as GE would continue to fund R&D, albeit 

at a reduced scope and rate. In this case it is assumed that the best R&D 

outcome possible would be to obtain the same small-scale 3 MMcf/day GE 

plant but with much reduced substrate costs and with marketable alginate 

byproducts. This plant would be commercially available in the year 2000. 

Scaleup to larger plants would not be accomplished, however, nor would 

currently estimated plant contingencies be eliminated. We have termed this 

technical outcome the "GE-RMP" case, the designation used in [Z]. The tree 

indicates that the GE-RMP outcome, a modestly successful technical outcome, 

can occur whether GRI funds marine biomass R&D or not. If GRI discontinues 

marine biomass funding we assume there would be a 0.5 probability of 

obtaining the GE-RMP outcome and a 0.5 probability of technical failure. 

If GRI continues to fund marine biomass at current levels, there would 

still be a 0.5 probability of technical failure, but now a probability of 

0.5 of achieving an outcome better than or equal to the GE-LIP outcome. 

Specifically, we assume that this 0.5 probability of success is comprised 

of a 0.4 probability of achieving the GE-RMP outcome along with a 0.1 

probability of achieving an even better outcome (to be described shortly). 

Expressed alternatively, if GRI funds marine biomass at current levels, it 

is possible to achieve a technical breakthrough relative to the GE-RMP 

technology. On the other hand, if GRI discontinues marine biomass, it is 

impossible to ever beat the GE-RMP technical outcome. 



I n  summary, we assume t h a t  i f  G R I  c o n t i n u e s  fund ing  a t  c u r r e n t  l e v e l s ,  

it w i l l  p o t e n t i a l l y  have a  major  impact on t h e  d i r e c t i o n  o f  t h e  mar ine  

biomass t echno logy .  I n  p a r t i c u l a r ,  it i s  assumed t h a t  GRI's  p resence  opens 

t h e  p o s s i b i l i t y  of  a  b reak th rough  i n  mar ine  biomass g a s i f i c a t i o n  

t echno logy .  I f  R&D i s  s u c c e s s f u l  g iven  c u r r e n t  fund ing ,  we assume t h a t  an  

a d d i t i o n a l  p l a n t  d e s i g n  becomes a v a i l a b l e  i n  which s u b s t r a t e  c o s t s  a r e  

s u b s t a n t i a l l y  r educed ,  marke t s  f o r  byproduc t s  a r e  developed and byproduct  

c r e d i t s  o f f s e t  some of  t h e  v a r i a b l e  o p e r a t i n g  c o s t ,  and p l a n t  s c a l e u p  t o  

1.8 MMcf/day i s  achieved a t  an a t t r a c t i v e  s c a l e  f a c t o r  ( 0 . 7 ) .  I n  

p a r t i c u l a r ,  we have assumed t h a t  t h e  b reak th rough  c a s e  i s  r e p r e s e n t e d  by 

t h e  "advanced technology"  c a s e  i n  [Z]. I t  i s  f a i r  t o  s t a t e  t h a t  t h i s  

b reak th rough  outcome, which i t  is  assumed can o n l y  occur  under c u r r e n t  G R I  

fund ing ,  r e p r e s e n t s  a  "bonanza" outcome. 

The t r e e  i n  F i g u r e  1  i n d i c a t e s  t h a t  c u r r e n t  G R I  funding can produce 

t h e  b reak th rough  outcome w i t h  p r o b a b i l i t y  0 . 1  and t h e  GE-RMP outcome w i t h  

p r o b a b i l i t y  0 .4 .  T h i s  i s  e q u i v a l e n t  t o  t h e  s t a t e m e n t  t h a t  t h e  p r o b a b i l i t y  

of  s u c c e s s  g iven  c u r r e n t  fund ing  i s  0 .5 ,  and t h e  c o n d i t i o n a l  p r o b a b i l i t y  

t h a t  t h e  b reak th rough  o c c u r s  g iven  t h a t  mar ine  biomass succeeds  i s  0 . 2 .  I n  

o t h e r  words,  i f  GRI knew i n  advance t h a t  i t s  mar ine  biomass R&D program 

would be s u c c e s s f u l ,  i t  would a s s i g n  a  20 p e r c e n t  chance t h a t  t h e  

b r e a k t h r o u g h  outcome would occur  and an 80 p e r c e n t  chance t h a t  t h e  GE-RMP 

outcome would o c c u r .  

To summarize, Tab le  1 g i v e s  t h e  marine biomass t echno logy  c o s t  and 

performance pa ramete r s  under  f a i l u r e .  T a b l e  2 g i v e s  t h e  c o s t  and 

performance pa ramete r s  under t h e  GE-RMP outcome, and Tab le  3 g i v e s  t h e  

pa ramete r s  i f  mar ine  biomass a c h i e v e s  t h e  b reak th rough  outcome. 

The t h i r d  l e v e l  of  t h e  t r e e  i n  F i g u r e  1 d e p i c t s  t h e  u n c e r t a i n  

t e c h n i c a l  outcome of  t h e  c o a l  g a s i f i c a t i o n  p r o j e c t  a r e a .  I n  p r e v i o u s  GRI 

s t u d i e s ,  we have found t h a t  advanced c o a l  g a s i f i c a t i o n  i s  t h e  pr imary 

c o m p e t i t o r  a g a i n s t  mar ine  biomass.  I t  i s  known t h a t  bo th  a r e  based on 

abundant r e s o u r c e s ,  and both  a r e  d i r e c t e d  a t  t h e  mid- t o  long-term. 

Although t h e  t i m i n g  of  c o a l  g a s i f i c a t i o n  can have an impor tan t  e f f e c t  on 

7 



T a b l e  1 

MARINE BIOMASS GASIFICATION 
( F a i l u r e )  

Never a v a i l a b l e  d u r i n g  s t u d y  h o r i z o n  



10/13/82 
T a b l e  2 

MARINE BIOMASS GASIFICATION 
GE-RMP 

GE-RMP P r o c e s s  ( i n c l u d e s  PDA' s & by-product c r e d i t s )  

I n i t i a l  Year o f  Commercial A v a i l a b i l i t y  2000 

6 
Nameplate Capac i ty  o f  R e p r e s e n t a t i v e  P l a n t  1.095 x  1 0  M M B ~ U / Y ~  

( 3  MMCFD) 

C a p i t a l  Cost  o f  R e p r e s e n t a t i v e  P l a n t  
( exc lud ing  AFUDC & i n c l u d i n g  PDA ' s ) See  f o o t n o t e .  

6 
I n i t i a l  P l a n t  $54.7 X 1.56 x 1 0  

6 
= $85.56 x 1 0  

6 6 
Mature I n d u s t r y  85.56/1.1 x  10 = $77.78 x  1 0  

P l a n t  Stream F a c t o r  

Annual O&M C o s t s  ( i n c l u d i n g  f u e l  
wi th  by-product c r e d i t s  s u b t r a c t e d )  

P l a n t  L i f e  20 Years  

F r a c t i o n  o f  C a p i t a l  Financed by E q u i t y  0.50 

Model I n p u t s  
6 

c a p i t a l  c o s t  $85.56 x  10 
SCC = ------------------ = ------------------ = $ 7 8 . 1 4 / ~ ~ ~ t ~ / y ~  

nameplate c a p a c i t y  6 
1  .O95 x  10 MMBtu/Yr 

6 
annua l  O&M c o s t s  $.3 x 1 0  / Y r  

O&M = .................................... = ........................ 
( s t ream f a c t o r )  x(nameplate  c a p a c i t y )  6  

0.95 x 1.095 x  1 0  M M B ~ U / Y ~  

Note: A l l  c o s t s  expressed  i n  c o n s t a n t  1982 d o l l a r s .  Feedstock:  g i a n t  
k e l p ,  P a c i f i c  Coast .  C a p i t a l  c o s t  h a s  been a d j u s t e d  by a con t ingency  
f a c t o r  o f  1.56 which r e s u l t s  from u s i n g  a  100% con t ingency  on s u b s t r a t e ,  
50% on p l a n t i n g  c o s t ,  and 15% on a l l  o t h e r  c a p i t a l  c o s t  components. Mature 
i n d u s t r y  c a p i t a l  c o s t s  a r e  assumed t o  be 10% lower t h a n  f i r s t  p l a n t  c o s t s .  

Source: G R I .  
9 



1 0/13/82 
Table 3 

MARINE BIOMASS GASIFICATION 
ADVANCED TECHNOLOGY 

Advanced Process  ( i nc lud ing  PDA ' s and by-product c r e d i t )  

I n i t i a l  Year of Commercial A v a i l a b i l i t y  2000 

6  
Nameplate Capaci ty of  Representa t ive  P l a n t  6.570 x 10 M M B ~ U / Y ~  

(18 MMCFD) 

Capi ta l  Cost o f  Representa t ive  P lan t  
(excluding AFUDC & inc luding  PDA ' s )  

I n i t i a l  P l a n t  

Mature Indus t ry  

P lan t  Stream Factor  

Annual O&M Costs  ( i nc lud ing  f u e l  
with by-product c r e d i t  sub t r ac t ed )  

P lan t  L i f e  

Frac t ion  of  Cap i t a l  Financed by Equity 

See footnote .  
6 

$122.6 X 1.48 x 10 
6 

= $178.59 x 10 

Same a s  i n i t i a l  p lan t .  

20 Years 

Note: Uses 0.7 power kW sca l ing .  A l l  c o s t s  expressed i n  cons tan t  1982 
do l l a r s .  Feedstock: g i a n t  ke lp ,  P a c i f i c  Coast. C a p i t a l  c o s t  has been 
adjusted by a  contingency f a c t o r  of 1.48 which r e s u l t s  from us ing  a  
100% contingency on s u b s t r a t e ,  50% on p l an t ing  c o s t ,  and 15% on a l l  
o ther  c a p i t a l  c o s t  components. 

Source: G R I .  10 



the benefits of marine biomass, the cost at which gas can ultimately be 

produced from coal is the most important uncertainty with regard to marine 

biomass. The coal gasification project area is characterized by one of two 

possible outcomes: 

8 Technical success, which is represented by the coal gasification 
technology characterization sheets in Tables A.l and A.2 in the 
Appendix. The probability of achieving technical success given 
current funding is assumed to be 0.65 as indicated in the tree. 

8 Failure, which implies that no advanced coal gasification 
technology will beat Lurgi. The Lurgi technology is characterized 
in Tables A.3 and A.4 in the Appendix. 

We do not intend to imply that the uncertainties explicitly considered 

in the tree are the only uncertainties that could affect the marine biomass 

program area. Indeed, under certain assumptions, the availability of 

conventional natural gas, low cost land biomass gas, inexpensive Mexican or 

Canadian gas, low cost LNG, or some other variable might have a significant 

impact on the benefits of marine biomass R&D. It is straightforward to 

include these uncertainties in the tree in Figure 1, but at the expense of 

more "bushiness" in the tree and therefore more complexity in the analysis. 

The marine biomass funding alternatives, the marine gas technical 

outcomes, and the coal gasification technical outcomes defined previously 

define ten possible future combinations of events corresponding to the ten 

terminal branches of the tree in Figure 1. However, careful inspection of 

the combinations of events leading to these terminal branches shows that 

there are only six distinct combinations of events (i.e., six distinct 

scenarios). These six scenarios defined by the tree are numbered near the 

corresponding terminal branches. Henceforth, we will refer to these 

scenarios by number. We should emphasize that all GRI technologies not 

enumerated in Figure 1 are assumed to succeed given current funding, and 

all non-GRI technologies are assumed to achieve their expected technical 

outcomes. The assumption that all other GRI technologies not specifically 

indicated in Figure 1 will succeed given current funding slightly 

understates the magnitude of benefits of marine biomass R&D. Thus this 



analysis will be slightly conservative with regard to the magnitude of 

economic benefits of marine biomass R&D. 

The Model 

To compute the economic benefits of marine biomass R&D at GRI, we must 

compute the prices, quantities, and factor bills that will occur in the 

energy system under each of the six scenarios enumerated in the tree in 

Figure 1. These calculations have been made using a detailed regional 

representation of gas, oil, coal, electricity, and other technologies that 

comprise the United States energy system. 

For purposes of this evaluation of marine biomass, the most important 

sectors of the energy system are the oil and gas producing sector (which is 

represented in network form in Figure 2) and the coal and synthetic fuels 

sector (which is represented in network form in Figure 3). Within those 

sectors, the portions which are particularly relevant to this analysis 

include all but the crossed out section of Figure 2 and none but the 

heavier-lined sections in Figure 3. As can be seen in Figures 2 and 3, the 

model represents the competition among all major gas sources including 

conventional gas from the lower-48 and Alaska, four types of unconventional 

gas, marine-and land-based biomass, imported LNG, imported gas from Mexico 

and Canada, and both Lurgi and advanced coal gasification. The various gas 

sources are further distinguished by geographic region (east versus west) 

where appropriate. The triangles in the figures represent long distance 

pipeline transmission from various sources to representative distribution 

centers in each demand region. Interregional gas movements, if 

economically warranted, will occur as shown near the top of the network in 

Figure 2. 

The two sectors in Figures 2 and 3 are connected to a comprehensive, 

multisector representation of the electric generation and end use 

consumption sectors of the U.S. energy system. It would be straightforward 

(but more expensive) to compute equilibrium in the large integrated model 

for each of the six scenarios. However, based on previous analyses for 



Figure 2. 

OIL AND GAS SECTOR 
(SECTOR #11) 



COAL AND SYNFUELS SECTOR 
(SECTOR #lo) 
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Figure 3 .  Coal Gasi f icat ion Portian of Coal and. Synfuels Sector 



GRI,* i t  is  no t  n e c e s s a r y  t o  c a r r y  a l l  t h i s  d e t a i l  on t h e  demand s i d e  i n  

o r d e r  t o  e v a l u a t e  s u p p l y  t e c h n o l o g i e s .  R a t h e r ,  it i s  much more p ruden t  t o  

d e s c r i b e  g a s  demand u s i n g  a  s i m p l e ,  p r i c e - s e n s i t i v e  demand f u n c t i o n  which 

h a s  been c a l i b r a t e d  t o  t h e  l a r g e  m u l t i s e c t o r a l  model of  e l e c t r i c  g e n e r a t i o n  

and a l l  end u s e  s e c t o r s .  I n  F i g u r e  2 ,  t h e r e f o r e ,  we have i n d i c a t e d  a t  t h e  

t o p  of  t h e  d iagram a  g a s  demand p r o c e s s ,  which c o n t a i n s  a  p r i c e - s e n s i t i v e  

demand c u r v e  f o r  g a s  from t h e  p r o d u c t i o n  s e c t o r s .  T h i s  g a s  demand p r o c e s s  

r e p r e s e n t s  i n  an approximate  b u t  a c c u r a t e  f a s h i o n  t h e  response  of  t h e  r e s t  

o f  t h e  energy  sys tem t o  a  change i n  g a s  p r i c e .  

The g a s  demand p r o c e s s  h a s  been approx imate ly  c a l i b r a t e d  t o  t h e  g a s  

demand p r o j e c t i o n  from t h e  GRI b a s e l i n e  s c e n a r i o .  S p e c i f i c a l l y ,  t h e  

b a s e l i n e  g a s  demand p r o j e c t i o n  s e r v e s  a s  a  " r e f e r e n c e "  demand. T h i s  

r e f e r e n c e  l e v e l  of  gas  demand i s  a s s o c i a t e d  w i t h  a  c o r r e s p o n d i n g  
11 r e f e r e n c e "  gas  p r i c e  over  t i m e ,  which i s  t h e  e q u i l i b r i u m  g a s  p r i c e  

computed by t h e  g a s  supp ly  model i n  F i g u r e s  2 and 3 n e c e s s a r y  t o  s a t i s f y  

t h e  r e f e r e n c e  g a s  demand. We emphasize t h a t  t h e  r e f e r e n c e  gas  p r i c e  

p r o j e c t i o n  i s  no t  t h e  G R I  b a s e l i n e  gas  p r i c e  p r o j e c t i o n .  Given t h e  

r e f e r e n c e  g a s  q u a n t i t y  and p r i c e ,  a  s h o r t  and a  long run  p r i c e  e l a s t i c i t y  

have been s p e c i f i e d  t o  d e s c r i b e  how t h i s  r e f e r e n c e  demand w i l l  v a r y  i f  g a s  

p r i c e s  v a r y  from t h e  c o r r e s p o n d i n g  r e f e r e n c e  g a s  p r i c e .  These e l a s t i c i t i e s  

have been e s t i m a t e d  t o  approximate  t h e  behav io r  of  t h e  l a r g e  model o f  t h e  

e l e c t r i c  and end use  c o n v e r s i o n  s e c t o r s .  

Having s p e c i f i e d  t h e  g a s  s u p p l y  and demand s t r u c t u r e  i n  network format 

a s  shown i n  F i g u r e s  2 and 3 ,  t h e  model d e t e r m i n e s  t h e  most economic supp ly  

t e c h n o l o g i e s  t h a t  b a l a n c e  s u p p l y  and demand o v e r  t h e  t ime  p e r i o d  from 1980 

through 2025. The c h o i c e  among g a s  t e c h n o l o g i e s  i s  based on c o s t  

compar isons ,  r e s o u r c e  a v a i l a b i l i t i e s ,  market  i n e r t i a ,  and o t h e r  i s s u e s  

d e s c r i b e d  i n  [ 4 ]  and [ 5 ] .  



Results 

Annual production levels of gas by source for each of the six 

scenarios are given in Tables 4-9. Table 10 gives the level of marine 

biomass gas production for each of the six scenarios. The table further 

gives cumulative marine biomass gas production through the year 2025. In 

Figure 4, we have appended these cumulative marine biomass production 

figures to the terminal branches of the decision tree in Figure 1. We 

shall use the tree in Figure 4 to compute the PAM criterion "gas provided" 

for the marine biomass program area.* 

We use three measures of economic benefits: direct consumer benefits, 

indirect consumer benefits, and overall economic benefits. Direct consumer 

benefits, commonly known as "consumers surplus," is a measure of consumer 

benefit that considers both the price reduction and the increased 

consumption due to successful R&D. Indirect consumer benefits account for 

changes in: 

lease bonuses and royalty payments from producers to the 
government, 

taxes paid by producers and pipeline companies, 

after-tax profits earned by producers and pipeline companies. 

The indirect benefits correspond to the difference between the gas bill 

(which includes all taxes, lease bonus payments, royalties, and profits) 

and the factor bill (which includes only the true economic cost of the 

gas). What we call indirect benefits is often called "producers' surplus," 

but we have not used that term here because a significant portion of these 

benefits accrue directly to consumers rather than to producers. 

Overall economic benefit is defined to be the sum of direct and 

indirect benefits. It is the most complete measure of the economic 

benefits of R&D because it accounts simultaneously for the impacts on 

consumers, producers, and the government. The definition of the overall 

*The calculations, which are summarized in the tree, are described in the 

next subsection. 



Table  5 

ScenarZo 2 Model R e s u l t s  

SOURCES OF GAS -- NATIONAL 

SOURCES OF GAS 
---------------- 
548 NAT GAS 
ALASKAN GAS 
LNG IMPORTS 
MEX/CAN TMPORTS 
TTGHT SANDS 
DEVONT AN 
COAL SEAMS 
GEOPRESSURED 
LAND BIOMASS 
MARINE BTOMASS 
LURGI GASTF 
ADV GASIF 

TOTAL 

QUADRILLION BTU PER YEAR--wELLHEAD/MINEMOUTH 
- - 

Marine Biomass: F a i l s  
Coal G a s i f i c a t i o n :  Succeeds 



T a b l e  4 

Sccnario 1 Model R e s u l t s  

S O U R C E S  OF GAS -- NATTONAL 

AF= SUM I 1 9 8 0  j 1 9 8 5  j 1 9 9 0  2 0 0 5  2 0 1 0  1 2 0 2 0  f 2025 
C S S =  QUANTITY I I I I I I I I I I 

L 4 8  NAT GAS 
ALASKAN G A S  
LNG I M P O R T S  
MEX/CAN I M P O R T S  
TTGHT SANDS 
DEVONIAN 
COAL SEAMS 
G E O P R E S S U R E D  
LAND BTOMASS 
MARINE BTOMASS 
LURGT C A S T F  
ADV G A S I F  

TOTAL 

Marine Biomass: Advanced Technology 
Coal G a s i f i c a t i o n ;  Succeeds 



T a b l e  6 

Scenar io  3 ?lode1 Results 

SOURCES OF GAS -- NATIONAL 
TTME 

+----------+----------+----------+----------+----------+----------+----------+----------+----------+ 
AF= SUM ) 1980 / 1985 1 1990 1 1995 2000 ) 2005 ) 2010 / 2020 1 2025 / 
GSS= QUANTITY I I I I I I I I I I 

L48 NAT GAS 
ALASKAN GAS 
LNG TMPORTS 
MEX/CAN IMPORTS 
TTGHT SANDS 
DEVONIAN 
COAL SEAMS 

F GEOPRESSURED 
W LAND BIOMASS 

MARTNE BIOMASS 
LURGT GASIF 
ADV GASIF 

TOTAL 

QUADRILLION BTU PER YEAR--WELLHEAD/MINEMOUTH 

Marine Biomass: Advanced Technology 
Coal G a s i f i c a t i o n :  F a i l s  



Table  7 

Scenario 4 Model Xesults 

SOURCES OF GAS -- NATTONAL 

+ - - - - - - - - - - + - - - - - - - - - - + - - - - - - - - - - + - - - - - - - - - - + - - 2 - - - - - - - + - - - - - - - - - - + - - - - - - - - - - + - - - - - - - - - - + - - - - - - - - - - +  

AF= SUM / 1980 j 1985 j 1990 1995 1 2000 2005 / 2010 1 2020 1 2025 1 
G S S =  QUANTTTY I I I I I I I I I I 

5 4 8 N A T G A S  I 1 I 
ALASKAN GAS 1 2 1 
LNG IMPORTS 1 3 1 
MEX/CAN TMPORTS 1 4 1 
T I G H T S A N D S  j 5 1  
DEVONT AN I 6 1  
COAL SEAMS 1 7 1  
GEOPRESSuRED 1 8 1 
LAND BTOMASS 1 9 1 
MARINE BIOMASS ' 10 j 
LuRGT G A s u  j 11 I 

ADV GASTF 1 12 1 
TOTAL 1 17 1 

QUADRILLION BTU PER YEAR-- 

Marine Biomass; F a i l s  
Coal Gas i f icat ion:  F a i l s  



T a b l e  8 

Scenar io  5 Model Resu l t s  

S O U R C E S  OF G A S  -- N A W O N A L  

L48 NAT G A S  1 1 
ALASKAN G A S  1 2 1 
LNG I W O R T S  1 7 1 
MEX/CAN IMPORTS 1 4 1 
T I G H T  S A N D S  1 5 1 
DEVONIAN 6 1  
COAL SEAMS ! 7 1  
G E O P R E S S U R E D  1 8 1 LAND BTOMASS 1 9 1 

MARINE B I O M A S S  1 1 0  1 
P-J LuRGT G A S T F  1 1  1 
+' ADV G A S I F  1 1 2  1 

TOTAL 1 1 7  1 

Q U A D R I L L I O N  BTU P E R  YEAR--wELLHEAD/MINEMOUTH 

Marine Biomass: GE-RMP 
Coal G a s i f i c a t i o n ;  Succeeds 



T a b l c  9 

S c e n a r i o  6 Model Results 

SOURCES OF GAS -- NATTONAL 
I 

----------------+----+--- 
L48 NAT GAS I 1 I 
ALASKAN GAS 1 2 1 
LNG TMPORTS 1 3 1 
MEXICAN TMPORTS j 4 1 TIGHT SANDS 1 5 1 
DEVONT AN 1 6 1  
COAL SEAMS 1 7 1  

N 
hr 

GEOPRESSUREn 1 8 1 
LAND BKOMASS 1 9 j MARTNE BIOMASS 1 10 1 

LURGT GASIF 1 1 1  1 
ADV GASIF ) 12 1 

TOTAL 1 13 1 

QUADRILLION BTU PER YEAR--wELLHEAD/MKNEMOUTH 

Marine  Biomass : GE-RMP 
Coal  G a s i f i c a t i o n :  F a i l s  



Table  10 

MARINE BIOMASS 
ANNUAL GAS PRODUCTION--QUADRILLION BTU PER YEAR 

SCENARIO SCENARIO SCENARIO SCENARIO SCENARIO SCENARIO 
1 2 3 4 5 6 



MARINE BIOMASS MARINE BIOMASS COAL GASIFICATION 
FUNDING DECISION TECHNICAL OUTCOME TECHNICAL OUTCOME 

(27 .031139.09  Success  
. 6 5  / 1 

Advanced 
/ 

h) 
f- G R I  Impact 

- 1  1 F a i l u r e  
3 

Success  - 

\ F a i l u r e  
6 

- 5  
GZD Success  

2 
F a i l u r e  

F a i l u r e  
4 

- - 

<0/0) Success  
2 

F a i l u r e  

( 1 .13 /24 .12 )  Success  
5 

GE-RMP 

! F a i l u r e  

Zero 
6 

F a i l u r e  
4 

CUMULATIVE GAS PRODUCTION 
( Q u a d r i l l i o n s  o f  Btu)  

F i g u r e  4 .  Cumulat ive  Gas P r o d u c t i o n  by Marine Biomass 



economic benefit measure is given in detail in [3] and [6]. 

The present values of direct consumer benefits at 0%, 5% and 10% real 

rates of discount over the horizon 1980-2025 are given in Table 11. 

Corresponding present values of indirect benefits and overall economic 

benefits appear in Tables 12 and 13, respectively. For clarity, we can 

append these benefit figures to the corresponding end-branches of the 

marine biomass decision tree (as was done for gas provided in Figure 4). 

Figure 5 contains the decision tree describing direct consumer benefits, 

Figure 6 the indirect benefits, and Figure 7 the overall economic benefits. 

These trees can be used to calculate the benefits of successful marine 

biomass R&D relative to technical failure and also to determine the portion 

of those benefits specifically attributable to GRI's R&D activities in 

marine biomass. (The results of those calculations are summarized in the 

trees. ) 

Using the direct benefits tree in Figure 5 as an example, we will 

illustrate how the benefits calculations have been made. In this 

illustration, we will consider only the 5 percent discount 

rate--calculations for the other two discount rates are identical. 

Beginning at the third (i.e., rightmost) level of the tree, we compute 
h 

the expected present value of benefits in the standard fashion. That is, 

for each combination of funding level and marine biomass technical outcome, 

we multiply the corresponding benefit when coal gasification succeeds by 

0.65 and add the product of the corresponding benefit when coal 

gasification fails times 0.35. Figure 8 shows the results of these 

expected value calculations for the rightmost level of the tree. 

We next note that if marine biomass R&D succeeds (an event that occurs 

with probability 0.51, there is an 0.20 probability of a breakthrough 

(whose benefits are $307.41 billion) and an 0.80 probability of the GE-RMP 

outcome (whose benefits are $151.00 billion). Hence, we know that the 

expected benefit of success given current funding is simply 

0.2 x $307.41 billion 



Table 11 

Scenario 

PRESENT VALUES OF DIRECT BENEFITS 
( B i l l i o n s  of 1982 Do l l a r s )  

Discount Rate 



Table 1 2  

PRESENT VALUES OF INDIRECT BENEFITS 
 illio ions of 1982 D o l l a r s )  

Discount Rate 

Scenario 



Table 13 

PRESENT VALUES OF OVERALL ECONOMIC BENEFITS 
( B i l l i o n s  of 1982 Do l l a r s )  

Discount Rate 

Scenario 



MARINE BIOMASS MARINE BIOMASS COAL GASIFICATION 
FUNDING DECISION TECHNICAL OUTCOME TECHNICAL OUTCOME PRESENT VALUE OF DIRECT BENEFIT 

07.64/307.41/93 .20)  
S u c c e s s  

r r  / 1 

F a i l u r e  3 

S u c c e s s  

C u r r e n t  GE-RMP 
I Y 

-3% 
F a i l u r e  

6 

S u c c e s s  
.5  F a i l u r e  

F a i l u r e  4 

(725.66/151.00/43.2 
S u c c e s s  

5 
GE-RMP 

F a i l u r e  
6 

. \ ( 5 8 2 . 0 4 / 1 2 1 . 3 5 / 3 4 . 7 i )  S u c c e s s  2 

F a i l u r e  

. 3 3  F a i l u r e  4 

F i g u r e  5 .  D i r e c t  Consumer Bene r i t s - -Mar ine  Biomass 



MARINE BIOMASS MARINE BIOMASS COAL GASIFICATION 
FUNDING DECISION TECHNICAL OUTCOME TECHNICAL OUTCOME 

Advanced 

. 3 3 \  Failure 
3 

Success - - - -  
5 

Current GE-RMP 
I 

.35\ Failure 6 

1\(-219.861-53191-18.82) Success 

.5 
Failure 

w Failure 
0 4 

193.861-56.511-22.1 
Success 

206.86/-55.151-20.49 GE-RMP 

.35\ Failure 6 

Success 
Z 

Failure 

.35\ Failure 4 

PRESENT VALUE OF INDIRECT 
ECONOMIC BENEFITS 

Figure 6. Indirect Economic Benefits--Marine Biomass 



MARINE BIOMASS MARINE BIOMASS COAL GASIFICATION 
FUNDING DECISION TECHNICAL OUTCOME TECHNICAL OUTCOME 

(872.891175.27143.8 
S u c c e s s  1 

Advanced 

.1 F a i l u r e  3 

# S u c c e s s  
5 

C u r r e n t  GE-RMP 
r 

I \ F a i l u r e  
6 

62.17167.56115.89) S u c c e s s  
2 

F a i l u r e  

w .35\ F a i l u r e  
F 

4 

(531.80/94.49/21.1;j) S u c c e s s  
5 

(46.99181.03118.5 \ GE-RMP 

F a i l u r e  6 
\ Zero 

S u c c e s s  
Z 

F a i l u r e  
- 

.35\ F a i l u r e  4 

I 
PRESENT VALUE OF OVERALL 

ECONOMIC BENEFIT 

F i g u r e  7. O v e r a l l  Economic Benef i t - -Mar ine  Biomass 



MARINE BIOMASS MARINE B I O ~ S S  
FUNDING DECISION TECHNICAL OUTCOME 

Advanced 

.5 Failure 

EXPECTED 
DIRECT BENEFIT 

Figure 8. Expected Benefits of Marine Biomass Outcomes 



+ 0.8 x $151.00 billion 

= $182.28 billion 

To determine the benefits success relative to failure of marine biomass 

under current funding, we compare this number with the benefits when marine 

biomass fails ($121.35 billion). The difference ($60.93 billion) 

represents the direct benefit of success under current funding relative to 

failure and is the correct input to PAM to represent current funding of 

marine biomass. 

The first (i.e., leftmost) column of Table 14 summarizes this 

calculation for all three discount rates for each of the benefit measures 

considered. The second column of Table 14 represents the benefits of 

success given zero funding relative to failure. These numbers are the 

correct inputs to PAM to represent current and zero funding of marine 

biomass. 

The numbers in the first two columns do not represent the incremental 

economic impacts of GRI's funding of marine biomass. To compute the impact 

of GRI's marine biomass activities, we compute the product of the benefits 

of success given current funding (first column) times the probability of 

success given current funding (0.5) and subtract the product of the 

benefits of success given zero funding (second column) times the 

  rob ability of success given zero funding (0.5). These differences, which 

represent the benefits of GRI's marine biomass activities, appear in the 

third column of Table 14. 

Inter~retat ion of Results 

The economic benefits of marine biomass R&D are significant, both in 

terms of the benefits of success relative to failure and the portion of 

those benefits specifically attributable to GRI's marine biomass program. 

For example, at 5% real discount rate, the present value of overall 

economic benefits of success compared to failure is $42.69 billion. The 

expected incremental overall economic benefits attributable to GRI funding 

is seen to be $7.88 billion. Both of these figures dwarf GRI's biomass R&D 

3 3 



Table 14 

BENEFITS RESULTS FOR MARINE BIOMASS--PRESENT VALUES 

Benefits of Success 
Relative to Failure 

Category of Discount Current Zero Incremental Benefits Due 
Benefits Rate Funding Funding to GRI Funding 

I 

Direct Consumer 

Gas Provided 



budget (or for that matter the total U.S. R&D budget for marine biomass). 

As an aid to interpret the benefits results, we have converted the 

benefits in Table 14 to equivalent real annuities over the period 1980 to 

2025. (See Table 15). The present value of the annuities in Table 15 at 

the appropriate discount rates are exactly equal to the present values of 

benefits in Table 14. Thus the annuities are interpreted as equivalent 

annual benefits flows realized as a result of the marine biomass R&D 

program, i.e., they represent the annual "payback" of GRI's marine biomass 

R&D. For the example quoted above, Table 15 shows that the benefits of 

success relative to failure under current funding and 5% discounting are 

equivalent to $2.40 billion per year over the entire study horizon. The 

expected incremental benefits attributable to GRI are equivalent to a 

benefit stream of $443 million per year, more than GRI's total budget for 

R&D of all kinds. 

The magnitude of benefits from GRI's marine gas program can be further 

illustrated by dividing the annualized benefits in Table 15 by 20 

quadrillion Btu/yr, the approximate annual gas production over the planning 

horizon. Making this calculation at a 5 percent discount rate, we see that 

GRI's marine biomass program pays approximately 2.2 cents per MMBtu on all 

gas consumed (not just the gas from marine biomass) in every one of the 

next forty five years. 

Comparing the direct, indirect, and overall benefits of marine biomass 

R&D, we notice that successful marine biomass R&D causes negative indirect 

benefits to accrue to consumers. That is, the large direct consumer 

benefits in Table 15 are partially offset by negative indirect benefits. 

For example, 30% of the direct benefits of success relative to failure 

($3.43 billionlyr) at 5% discounting under current funding are offset by 

the negative indirect benefits (-$1.03 billion per year). For the 

incremental GRI benefits attributable to GRI, the offset is even 

larger--$880 million/yr of direct benefits offset by negative $437 

milli~n/~ear of indirect benefits, a 50% offset. As we have mentioned 

previously, these negative indirect benefits result from losses in tax 



Table 15 

BENEFITS RESULTS FOR MARINE BIOMASS--EQUIVALENT ANNUITIES (1 980 - 2025) 

Category of 
Benef i t s  

Bene f i t s  of Success 
R e l a t i v e  t o  F a i l u r e  

Discount Current  Zero Incremental  Bene f i t s  Due 
Rate Funding Funding t o  G R I  Funding 

Overa l l  0 % $5.29 $3.77 $0.758 

Economic 5 % $2.40 $1.52 $0.443 
Benef i t s  10% $0,  990 $0,528 $O_. 231 

W 
0% $6.22 $3.19 

m Direc t  Consumer 5% $3.43 $1.67 
Benef i t s  10% $1.88 $ m 6 2  



revenues, lease bonus payments, royalties, and profits that occur as less 

expensive gas is introduced into the system and gas prices therefore fall. 

Why are the indirect oil benefits negative? The answer, described in 

detail in [61, arises from a comparison of a representative technical 

success scenario (e.g, the breakthough scenario) and a representative 

technical failure scenario for marine biomass. In the success scenario, 

long-run gas prices are lower than they would otherwise be. As a result, 

the market value of natural and unconventional gas reserves are lower than 

they would otherwise be. Therefore, aggregate gas lease revenues and/or 

profits and taxes are lower than they would otherwise be. This loss in 

revenues is accounted for as a negative indirect benefit. 

The phenomenon of negative indirect benefits appeared at a similar 

magnitude in the analysis of coal gasification and at a lesser magnitude in 

the analysis of western tight gas sands, eastern Devonian gas shales, and 

methane from coal deposits.* Just as with coal gasification, a substantial 

portion of the direct consumer benefits of marine biomass are offset by 

losses in lease revenues and taxes to the government and/or profits to 

producers. Yet, just as with coal gasification, the overall, net economic 

benefits after this offset is accounted for are still large relative to 

GRI's R&D expenditures in this area. 

Before leaving this issue, we can contrast marine biomass gas--an 

abundant resource--with a depletable resource such as gas from western 

tight gas sands. A depletable source (e.g., unconventional gas) introduced 

in the short or mid-term (1985-1995) would not be large enough to have a 

major effect on the market price of gas in the time frame in which it is 

produced. Thus we would expect a relatively smaller decrease in the market 

value of natural gas leases. 

By contrast, abundant sources such as coal gasification or marine 

biomass can have a major effect on gas prices when they begin to penetrate 

the market. In fact, one of these abundant sources will ultimately set the 

*See [61, 1 7 1 ,  and [81. 



market price of gas. Even though none of these abundant sources promises 

to penetrate the market in large quantities until after the turn of the 

century, they nonetheless will have a proportionally greater effect on gas 

prices than will depeletable sources. 

A major success in an abundant source such as marine biomass will lead 

to substantially lower gas prices and consequently lower lease values, 

taxes, and producer profits. Furthermore, abundant sources tend to be 

priced much closer to their production costs than do depletable sources. 

 his is particularly true if those abundant sources are the subject to 
rate-of-return regulation.) In addition, the increased penetration of an 

abundant source will displace a depletable source that would otherwise have 

to be used. Thus, if marine biomass R&D is successful, there are strong 

economic forces that: 

depress the price of gas and thereby depress lease values, taxes, 
and producer profits, 

depress the difference between the price and the production cost 
of gas, and 

displace depletable gas sources by abundant gas sources. 

These forces imply that indirect economic benefits, which are driven by the 

difference between the price and cost of gas, are decreased by successful 

marine biomass R&D. 

Which sources of gas are displaced by marine biomass gas if R&D 

succeeds rather than fails? To answer this question, we have extracted 

from Tables 4-9 the gas production projections in Table 16. Table 16 

focuses on two years--a representative mid-term year (2005) and a 

representative long-term year (2025). The top half of Table 16 compares 

gas supplies between success and failure of marine biomass R&D given that 

coal gasification R&D is successful (Scenarios 1 and 2). The bottom half 

makes an analogous comparison but in the situation where coal gasification 

R&D fails (Scenarios 3 and 4). 



Table 16 

INCREASE I N  GAS DEMAND I F  W I N E  BIOMASS SUCCEEDS RATHER THAN FAILS 
(Quadr i l l i on  Btu/per  Year) 

I f  Coal G a s i f i c a t i o n  Succeeds 

Na tu ra l  Gas 

Imported Gas -0.03 

Unconventional Gas -0.12 

B iomas s 1.39 

C o a l  Gas i f  icat ion  -0.37 

N e t  Change 0.59 

I f  Coal G a s i f i c a t i o n  F a i l s  

Na tu ra l  G a s  

Imported G a s  -0.14 

Unconventional Gas -0.13 

B iomas s 1.50 

Coal Gas i f  i c a t  i on  -0.05 

Net Change 0.82 



Referring to the bottom half of the table, we first note that when 

coal gasification fails, marine biomass displaces primarily Lurgi coal 

gasification. If coal gasification succeeds as in the top half of the 

table, marine biomass displaces advanced coal gasification. In simplest 

terms, marine biomass displaces advanced coal gasification (if it is 

commercially available) or Lurgi coal gasification (if coal gasification 

R&D fails). 

The benefits of marine biomass are determined by the cost difference 

between marine biomass and the particular coal gasification technology it 

displaces. Because the difference between the cost of advanced marine 

biomass and Lurgi coal gas is proportionately much larger than the 

difference between advanced marine biomass and advanced coal gas, we expect 

the benefits of marine biomass to be much larger when coal gasification R&D 

fails--the cost differential is much larger. 

How strongly will the benefits of marine biomass R&D be stimulated if 

coal gasification fails rather than succeeds? To answer this question, we 

permute the tree in Figure 7, exchanging the ordering of the marine biomass 

and coal gasification technical outcomes. See Figure 9. In Figure 9, the 

scenario numbers and benefits measures from Figure 7 have been correctly 

associated with the terminal branches. 

We begin by computing the expected economic benefit for marine biomass 

given that it succeeds given current funding. Referring to the topmost two 

terminal branches we see that a benefit of $170.85 billion (scenario 1 at 5 

percent discounting) will occur with probability 0.20 and a benefit of 

$107.83 (Scenario 5 at 5 percent discounting) will occur with probability 

0.80 given that coal gasification secceeds and marine biomass succeeds 

under current GRI funding. Therefore, the expected benefit given that 

marine biomass succeeds under current funding and coal gasification 

succeeds is 0.20 x $170.83 + 0.80 x $107.83 = $120.43 billion. Similarly, 

the expected benefit given that marine biomass succeeds under current 

funding but coal gasification fails is 0.20 x $177.79 + 0.80 x $69.72 = 

$91.33 billion. (See Scenarios 3 and 6 ) .  



ADVANCED 
MARINE BIOMASS COAT., GASIFICATION MARINE BIOMASS 
FUNDING DECISION TECHNICAL OUTCOME TECHNICAL OUTCOME PRESENT VALUE OF BENEFITS 

Advanced 1 
1 

Success .4 GE-RMP 5 

.65 

Current A' 
Failure 2 

Advanced 3 

.35 Failure .4 GE-RMP 

GRI Impact 
.P- 

GE-RMP 5 

GE-RMP 

.3.5\ Failure 

Figure 9. Overall Economic Benefits (Billions 02 1'72 Dollars) 



We can represent Scenarios 1 and 5 in the first and second terminal 

branches jointly using the single benefit number $120.43 billion and 

Scenarios 3 and 6 jointly in the fourth and fifth terminal branches using 

the single benefit number $91.33 billion. (similar calculations can be 

made for 0 and 10 percent discounting.) 

The benefits of successful marine biomass R&D relative to failure 

under current funding given that coal gasification succeeds are thus 

$120.43 billion minus $103.94 billion (the benefits under failure in 

Scenario 2) or $16.49 billion. Similarly, the benefits of successful 

marine biomass R&D relative to failure under current funding given that 

coal gasification fails are thus $91.33 billion minus 0 (the benefits under 

failure in Scenario 4) or $91.33 billion. We have thus computed the 

benefits of success relative to failure of marine biomass to be 5.5 times 

larger ($91.33 billion versus $16.49 billion at a five percent discount 

rate) when coal gasification fails than when it succeeds. 

We have made similar calculations for all three discount rates for 

both direct and overall economic benefits and tabulated them in Table 17. 

Note in all cases how strongly marine biomass benefits are stimulated if 

coal gasification R&D fails. We can illustrate the consistency between 

Table 17 and Table 14 by computing the expected benefit of success versus 

failure under current funding at a five percent discount rate. Multiplying 

the benefit given that coal gasification succeeds ($16.49 billion) times 

the probability that coal gasification succeeds (0.65) and adding the 

product of the benefit given that coal gasification fails ($91.33 billion) 

times the probability that coal gasification fails (0.35) gives the 

expected benefit of successful marine biomass R&D to be $42.69 billion. 

This is the same number given in Table 14. Of this $42.69 billion in 

expected value, notice that $91.33 x 0.35 or $31.97 billion occurs when 

coal gasification fails. In other words, marine biomas provides a "hedge" 

against the possible failure of coal gasification. In fact marine biomass 

is a textbook example of a hedge technology, paying over 75 percent of its 

expected benefits when its best competitor (coal gasification) fails. 



Coal Gas i f  i c a t i o n  
Technica l  Outcome 

Success 

F a i l u r e  

Table  17 

OVERALL ECONOMIC BENEFITS OF MARINE BIOMASS R&D 
( B i l l i o n s  of 1982 Do l l a r s )  

P r o b a b i l i t y  

0.65 

Curren t  Funding Zero Funding 

0% 5 % 10% 0% 5 % 10% 



Keferring again to Table 16, the success of marine gas actually 

stimulates total gas consumption in 

succeeds and by 2.16 quads if coal g 

phenomenon occurring in 2005 but to 

caused by the fact that the success 

Note, however, that when coal gasifi 

2025 by 0.52 quads if coal gasification 

asification fails. (we see the same 

a lesser degree.) This stimulation is 

of marine biomass depresses gas prices. 

cation succeeds, successful marine 

biomass induces a smaller percentage decrease in gas price than when coal 

gasification fails. Thus, in the long run, we expect to see a higher 

degree of stimulation of total gas production when coal gasification fails 

rather than when it succeeds. 

How much will the benefits of marine biomass be stimulated if coal 

gasification fails rather than succeeds? To answer this question, we 

return to the overall economic benefits tree in Figure 8. Under current 

GRI funding, Scenario 1 gives the benefits if marine biomass succeess, and 

Scenario 2 gives the benefits if marine gas fails. Using the present 

values of benefits at five percent, Scenario 1 pays $301.03 billion while 

Scenario 2 pays only $148.71 billion in benefits. The difference, $152.32 

billion, represents the benefits of successful marine biomass R&D given 

that coal gasification succeeds. By analogy, Scenario 5 represents the 

benefits of successful marine biomass R&D when coal gasification fails 

($218.46 billion) while Scenario 6 represents the benefits if both marine 

biomass and coal gasification fail ($0.00). The difference, $218.46 

billion, represents the benefits of successful marine biomass R&D given 

that coal gasification fails. 
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7/15/82 
T a b l e  A . l  

ADVANCED HIGH BTU GASIFICATION OF WESTERN COAL 
Westinghouse P r o c e s s  

I n i t i a l  Year o f  Commercial A v a i l a b i l i t y  ?992 ~ u c c e s s / ~ u r r e n t  G r i  Funding 
2000 ~ u c c e s s / ~ e r o  G R I  Funding 

Nameplate Capac i ty  o f  R e p r e s e n t a t i v e  P l a n t  9.13 x  1 0  M M B ~ U / Y ~  
6 

C a p i t a l  Cost  o f  R e p r e s e n t a t i v e  P l a n t  
( exc lud ing  AFUDC) 

I n i t i a l  P l a n t  

Mature I n d u s t r y  $2108.3/1. 

P l a n t  St ream F a c t o r  

Annual O&M C o s t s  ( e x c l u d i n g  f u e l )  

Thermal E f f i c i e n c y  

I n i t i a l  P l a n t  
Mature I n d u s t r y  

P l a n t  L i f e  

F r a c t i o n  o f  C a p i t a l  Financed by E q u i t y  

Model I n p u t s  
6 

S e e  f o o t n o t e .  

20 Years 

Note: A l l  c o s t s  expressed  i n  c o n s t a n t  1982 d o l l a r s .  Navajo c o a l  f e e d s t o c k .  
Heating v a l u e  o f  p roduc t  = 1  M M B ~ U / M S C ~ .  C a p i t a l  c o s t  h a s  been m u l t i p l i e d  
by 1.124 as g e n e r a l  con t ingency  f a c t o r ,  by 1.074 f o r  p r o c e s s  development 
a l lowance,  and by 1.2 t o  account  f o r  s i t e  s p e c i f i c  c o s t s .  Mature i n d u s t r y  
c a p i t a l  c o s t s  a r e  assumed t o  be 10% lower t h a n  f i r s t  p l a n t  c o s t s .  

Source: G R I  Westinghouse Western Coal e s t i m a t e s .  we valuation o f  Westinghouse 
G a s i f i c a t i o n  P r o c e s s  f o r  SNG P r o d u c t i o n  from Western Coal.  C. F. Braun 
d r a f t  r e p o r t ,  December, 1981 . ) 



Table A . 2  7/15/82 

ADVANCED H I G H  BTU GASIFICATION OF EASTERN COAL 
Westinghouse Process  

I n i t i a l  Year of  Commercial A v a i l a b i l i t y  1992 ~ u c c e s s / ~ u r r e n t  G R I  Funding 
2000 ~ u c c e s s / ~ e r o  G R I  Funding 

7 
Nameplate Capaci ty of  Representa t ive  P lan t  9.13 x 10 ~blBtu/Yr 

6  
(250 X 10 scf /day)  

Capi ta l  Cost of  Representa t ive  P lan t  
(excluding AFUDC ) See footnote .  

6  
I n i t i a l  P l a n t  $1377.8 x 1  . ? I 9  x  1.074 x 1.2 x 10 

6  
= $1987.1 x  10 

6  6  
Mature Indus t ry  $1987.1/1.1 x 10 = 1806.4 x 10 

Plan t  Stream Factor  

Annual O&M Costs  (excluding f u e l )  

Thermal E f f i c i ency  

I n i t i a l  P l a n t  
Mature Indus t ry  

P lan t  L i f e  20 Years 

F rac t ion  of C a p i t a l  Financed by Equity 0.50 

Note: A l l  c o s t s  expressed i n  cons tan t  1982 d o l l a r s .  P i t t sbu rgh  No. 8 coal .  
Heating va lue  of product = 1 M M B ~ U / M S C ~ .  C a p i t a l  c o s t  has been mul t ip l ied  
by 1.119 as gene ra l  contingency f a c t o r ,  by 1.074 f o r  process  development 
allowance, and by 1.2 t o  account f o r  s i t e  s p e c i f i c  cos t s .  Mature i ndus t ry  
c a p i t a l  c o s t s  a r e  assumed t o  be 10% lower than f i r s t  p l an t  cos t s .  

Source: G R I  Westinghouse Western Coal es t imates .   valuation of Ca ta lys i s  
Research, D i rec t  Methanation Process  f o r  Westinghouse Gas i f i ca t ion  from 
Eastern Coal, C.  F. Braun, prel iminary d a t a ,  June 30, 1982.) 



Table A. 3 7/15/82 

LURGI GASIFICATION OF WESTERN COAL 

I n i t i a l  Year of Commercial A v a i l a b i l i t y  

Nameplate Capacity of  Representa t ive  P l a n t  

Capi ta l  Cost of  Representa t ive  P l a n t  
(excluding AFUDC ) 

I n i t i a l  P l a n t  

Mature Indus t ry  

P lan t  Stream Factor  

See footnote .  

Annual O&M Costs  (excluding f u e l )  $189.11 x 10 / ~ r  

Thermal E f f i c i ency  

I n i t i a l  P l an t  
Mature Indus t ry  

P lan t  L i f e  20 Years 

F rac t ion  of C a p i t a l  Financed by Equity 0.50 

Model Inpu t s  
6 

c a p i t a l  c o s t  $2922.4 x 10 
- SCC = ------------------ - ------------------ = $32 .O1 / M M B ~ u / Y ~  

nameplate capac i ty  7 
9.13 x 10 MMBtu/Yr 

6 
annual O&M c o s t s  $189.1 x 10 / ~ r  

O&M = .................................... = ........................ 
(stream f a c t o r )  x(nameplate capac i ty )  7 

0.9 x 9.13 x 10 MMBtu/Yr 

Note: A l l  c o s t s  expressed i n  cons tan t  1982 d o l l a r s .  Navajo subbituminous coa l .  
Heating va lue  of product = 1 M M B ~ U / M S C ~ .  C a p i t a l  c o s t  has been mul t ip l i ed  
by 1.123 a s  gene ra l  contingency f a c t o r ,  by 1.055 f o r  process  development 
allowance, and by 1.2 t o  account f o r  s i t e  s p e c i f i c  c o s t s .  Mature i ndus t ry  
c a p i t a l  c o s t s  a r e  assumed t o  be 10% lower than f i r s t  p l an t  cos t s .  

Source: G R I  Stone and Webster - -Lurgi /~es te rn  Coal Hygas e s t ima te s .  
 valuation of  t he  Stone and Webster R e t r o f i t  t o  a  Western Coal Lurgi 
Design, C. F. Braun, June, 1982.) 

. - -- 

A-4 



Table  A . 4  7/15/82 

WRGI GASIFICATION OF EASTERN COAL 

I n i t i a l  Year o f  Commercial A v a i l a b i l i t y  1990 

7 
Nameplate C a p a c i t y  o f  R e p r e s e n t a t i v e  P l a n t  9.13 x  1 0  MMBtu/yr 

C a p i t a l  Cost  o f  R e p r e s e n t a t i v e  P l a n t  
( exc lud ing  AFUDC ) 

I n i t i a l  P l a n t  

Mature I n d u s t r y  

P l a n t  St ream F a c t o r  

Annual O&M C o s t s  ( e x c l u d i n g  f u e l )  

Thermal E f f i c i e n c y  

I n i t i a l  P l a n t  
Mature I n d u s t r y  

P l a n t  L i f e  

See f o o t n o t e .  
6  

$1979.6 x  1.123 x  1 .O47 x 1.2 x  10 
6  

= $2793.0 x  10 
6 6  

$279.30/1.1 x  1 0  = 2539.1 x  20 

0- 55 
0.62 

20 Years  

F r a c t i o n  o f  C a p i t a l  Financed by E q u i t y  0.50 

Model I n p u t s  
6 

c a p i t a l  c o s t  $2793 x  10 
SCC = ------------------ 3 -------,,----,---- = $30.59/MMBtu/~r 

nameplate c a p a c i t y  7 
9.13 x 1 0  MMBtu/Yr 

6  
annua l  O&M c o s t s  $244.4 x  10 / Y r  

O&M = .................................... = ........................ 
( s t ream f a c t o r )  x(nameplate  c a p a c i t y )  7 

0.9 x 9.13 x  1 0  MMBtu/Yr 

Note: A l l  c o s t s  expressed  i n  c o n s t a n t  1982 d o l l a r s .  P i t t s b u r g h  No. 8 c o a l .  
Heating v a l u e  o f  p roduc t  = 1 N M ~ t u / ~ s c f .  C a p i t a l  c o s t  h a s  been m u l t i p l i e d  
by 1.123 a s  g e n e r a l  con t ingency  f a c t o r ,  by 1.047 f o r  p r o c e s s  development- 
a l lowance,  and by 1.2 t o  account  f o r  s i t e  s p e c i f i c  c o s t s .  Mature i n d u s t r y  
c a p i t a l  c o s t s  a r e  assumed t o  be 10% lower t h a n  f i r s t  p l a n t  c o s t s .  

Source:  G R I  Lurg i -Eas te rn  c o a l  e s t i m a t e s .  ( c a t a l y s i s  Research Westinghouse 
Eas te rn  Coal.  ) 






