
A reader wonders why biomass was not covered in the 30 July Ener- 
gy issue: "the potential for renewable liquid fuels from biomass 
should not be ignored." And a report of the discovery of Australop- 
ithecusgarhi prompts a debate about the use of cladistic analysis 
to resolve questions about early hominid phylogeny: "Cladistics is 
the most objective method available for generating and testing hy- 
potheses about phylogeny," says one group of researchers. "[Alny 
powerful technique can be exploited by perfunctory misapplica- 
tion," says another group. 

Biomass in the Energy Picture these factors enable enhanced k l  efficiency. 
Bv contrast. converting the same amount 

I was surprised that the 30 July issue high- of bibmass to'ethanol wiuld produce only 
lighting renewable energy and fuel effi- 55% (by energy content) as much liquid fuel 
ciency devotes so little attention to (2), and the opportunities for increased efi- 
biomass energy. By my count, there are on- ciency are substantially reduced. 
ly three sentences men- 
tioning biomass. One de- I 

u 

cries the pollution from in- 
cinerated biomass (K. S. 
Brown, News, p. 678), and 
two mention conversion of 
biomass to hydrogen (J. A. 
Turner, Viewpoint, p. 687). 

Yet, according to the 
Energy Information Ad- 
ministration of the U.S. 
Department of Energy, 
biomass accounts for 43% 
of the renewable energy 
wed in the United States, Artists rendition of planned rice straw-to-ethanol plant near 
second only to convention- ~ac,,ento, california. 
a1 hydroelectric power 
(5 1%). Solar accounts for 1% and wind Despite these facts, the National Renew- 
for 0.5%. Furthermore, the potential for able Energy Laboratory's (NREL's) Web 
renewable biomass, in the form of wood page lists only two renewable liquid fuel 
chips, grasses, and crop residues, is 5 programs, the "Biodiesel Project" and the 
times the current consumption (I), while "Bioethanol Project." The former involves 
Brown notes that conventional hydroelec- esters of biological fatty acids, which are 
tric capacity is slated to be reduced be- produced with substantially lower energy ef- 
cause of environmental concerns. 

In addition, biomass is the only practi- 
cal source of renewable liquid fuel. A self- 
contained facility can convert green wood 
into methanol with an energy efficiency of 
70% (2). The only by-product is the wood 
ash, which can be returned to the forest. 
And the estimated cost of the methanol is 
competitive with methanol from coal (2). 

ficiency than lignocellulose. An4 as men- 
tioned, the latter is not the most energy-effi- 
cient use of biomass feedstock. 

Despite the NRELs emphasis, the po- 
tential for renewable liquid fuels from 
biomass should not be ignored. 
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aesponse 
The United States today generates about 
10 gigawatts (GW) of electricity from 
biopower- (biomass-to-electricity). This is 
divided into 7 GW from forest-prod- 
uct-industry residues and agricultural- 
product-industry residues, about 2.5 GW 
from municipal solid wastes, and 0.5 GW 
from other technologies, such as landfill 
gas. The majority of this power is used by 
the industrial sector primarily in the pulp 
and paper industry ti supply their i n t h a l  
electrical needs. Overall, biopower repre- 
sents a little more than 1% of U.S. electri- 
cal generating capacity. 

Electricity costs for biopower range from 
$0.08 to 0.12 cents per kilowatt-hour, de- 
pending on the feedstock price (1). Current 
biopower plants use a mature electricity- 
generating technology that leads to low efi-  
ciencies for biomass-to-electricity conver- 
sion. This increases the sensitivity to feed- 
stock price and gives higher costs for elec- 
tricity. The U.S. Department of Energy has a 
number of programs to develop more efi- 
cient processes leading to lower costs for 
electricity (2). One of the most promising is 
conversion of biomass to syngas (a mixture 
of CO and hydrogen) and generating elec- 
tricity by means of a fuel-cell system. The 
NREL maintains the Department of Ener- 
gy's Office of Energy Efficiency and Re- 
newable Energy Web site, where more in- 
formation on all renewable technologies, in- 
cluding biomass, is available (3). 

Concerning the conversion of biomass to 
methanol, the current spot price of methanol 
(derived from natural gas) is about $0.30 per 
gallon (4, whereas methanol from coal and 
biomass would probably be $0.80 to $1.20 
per gallon. While one may be able to convert 
green biomass to methanol with an efficien- 
cy of 70%, photosynthesis was only 1% effi- 
cient in turning sunlight into the biomass, 
giving an overall energy efficiency for solar- 
to-methanol of 0.7%. And this does not ac- 
count for the energy required for harvesting 
and processing the biomass. Hydrogen can 
be generated with a solar-to-hydrogen effi- 
ciency of at least lo%, and that can be com- 
bined with C02 to make methanol with an 
energy efficiency of 70%. This gives an 
overall solar-to-methanol efficiency of 7%, 
an order of magnitude higher. If we have to 
cover land area to collect solar energy, it on- 
ly makes sense to use the most efficient re- 
newable energy converters available. 

When it comes to renewable energy, we 
have a lot of choices. A variety of chemi- 
cals as well as electricity can be made 
from biomass, depending on how it is pro- 
cessed. For maximum impact of renewable 
energy, we must match the renewable tech- 
nology with regional resources and local 
and national needs. 
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Cladistics and Early Hominid 

Two recent reports (B. Asfaw et al . ,  23 
Apr., p. 629; M. A. McCollum, 9 Apr., p. 
301) (1,  2) are skeptical about the utility of 
cladistic analysis to resolve questions 
about early hominid phylogeny. Although 
we disagree with aspects of these studies 
(3, 4), it is true that phylogenetic analyses 

Fig. 1. Early hominid cladograms. Most par- 
simonious cladograms supported by (A) the 
trait list of Asfaw et  al. ( I ) ,  when characters 
were ordered and free to  reverse their 
states [Pan troglodytes was added as an 
outgroup; tree length, 94; consistency index 
(CI), 0.731. (B) The updated trait list (9) of 
Strait et  al. (a, after the addition of A. 
garhi, Ardipithecus, and A. anamensis (tree 
length, 214, CI, 0.58).The only difference 
between A and B (aside from the number of 
taxa) concerns the relationships of A. 
africanus, which is positioned as either the 
sister taxon of the "robust" australop- 
ithecines (A) or as the sister taxon of a Ho- 
mo + Paranthropus clade (B). In both trees 
the "robust" australopithecines are at- 
tributed to the genus Paranthropus, and 
the species usually referred to  as A. afaren- 
sis is subsumed within Praeanthropus 
africanus (5, 6). 

would benefit froin studies of character 
variability and integration. However, this 
does not mean that current analyses are 
without value. Cladistics is the most objec- 
tive method available for generating and 
testing hypotheses about phylogeny. Even 
if future studies are able to improve the 
quality of the character data, analyses of 
presently available data sets can still pro- 
vide a legitimate baseline for discussions 
about early hoininid phylogeny. 

For example, Asfaw e f  al. ( I )  propose a 
phylogenetic hypothesis that is testable 
using cladistic analysis. They suggest that 
A~tstralopithec~ts garhi may be ancestral 
to Hon~o ( j ) ,  with the caveat that the exact 
relationships of that species are unknown. 
Cladograms consistent with this hypothe- 
sis would place A. garlzi as the sister tax- 
on of  Homo. We tested this hypothesis 
with two cladistic analyses. The first ex- 
amined the trait list and taxa  resented in 
table 1 of Asfaw e f  01.  ( I ) .  ?he second 
analysis built on a previous study ( 6 )  by 
adding to it new taxa (A. garhi, A. ana- 
nzenrls, and Ardlpzthecus ramzdus) (1, 7 ,  
8 )  and new characters taken froin Asfaw 
et a1 (1, 9)  The most parsimonious trees 
found by the two analyses (Fig I )  both re- 
construct A. garhz as the sister taxon of a 
clade that includes A afilcanus, Pal-an- 
fhl-opza, and Homo (1 0)  

The relationships presented here must 
be considered preliminary given the sinall 
sample sizes of the three newly described 
species, as well as the fragmentary nature 
of the fossils themselves. As is always the 
case in paleontology, future fossil finds 
may necessitate a revision of these results. 
However, on the basis of current evidence 
( l l ) ,  a hypothesis in which A. garhi is an- 
cestral to Homo should be rejected. A. 
garhi shares no synapomorphies (shared 
derived features) with Homo, and it is 
more distantly related to that genus than is 
the geologically older A. afiican~ts. This 
means that the clade containing Homo, 
Paranthropus, and A. aj+icantrs must have 
originated at least 500,000 years before 
the known appearance of A.  garhi. Al- 
though it is possible that an early member 
of  the A garhl lineage gave rise to the 
clade that includes Homo, a more likely 
exp lana t ion  i s  that  Praeanthroptrs 
afr-lcan~rs [more coininonly known as A. 
afarenszr (5, 6)]  independently gave rise 
to that clade and to A garhl Austmlop- 
zthecus garhl was probably, therefore, a 
side branch of  hominid evolution that 
e ~ o l v e d  postcanine megadontia In parallel 
with Pa~anthroptls The ancestor of Homo 
remains surprisingly elusive. 
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Response 
We are fully cognizant of the strength and 
power of cladistic methods. These are not 
at issue. However, any powerf~~l  technique 
can be exploited by perfunctory misappli- 
cation, and such is clearly the case with 
Strait and Grine's "analysis." The traits 
employed in constructing cladograms must 
be biologically relevant. Without such per- 
tinence, they cannot contribute to a resolu- 
tion of phylogenetic relationships. It is 
more than obvious to most students of hu- 
man evolution that many traits cominonly 
employed in formal descriptions of ho- 
minid specimens are merely a convenient 
means of delineating eleineiltary anatoini- 
cal features. A blind coillpilation of such 
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