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Fast Pyrolysis
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Fast pyrolysis - rapid thermal decomposition of organic
compounds in the absence of oxygen to produce gas, char,
and liquids

 Liquid yields as high as 78% are possible for relatively short residence
times (0.5 - 2 s), moderate temperatures (400-600 °C), and rapid
guenching at the end of the process
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Bio-oil Biochar Gas Unaccounted

Corn stover (0.5-1.0mm)  Corn fiber (1.0 mm) Red oak (0.75 mm)
10 run average, different conditions 2 run average, same conditions 6 run average, different conditions
Opio-oil = 0.09%; G o= 8.27% Opiooi = 1.33%; Ogpo= 0.148% Opio-oil = 2-21%; G pa= 1.89%

*Auger pyrolyzer, ISU (2008
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Efficiency and cost of bio-oil production

* Energy efficiency

e Conversion to 75 wt-% bio-oll translates to
energy efficiency of 70%

* |f carbon used for energy source (process
heat or slurried with liquid) then efficiency
approaches 94%

e Cost

« $17-$30/bbl (assuming feedstock cost of
$50/ton)
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Bio-Oil
« Advantages include:
e Liquid fuel
» Decoupled conversion processes
 Easier to transport than biomass
or syngas
 Disadvantages

» High oxygen and water content
makes bio-oll inferior to
petroleum-derived fuels

- Phase-separation and
polymerization and corrosiveness
make long-term storage difficult
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Viscosity-Temperature Susceptibility
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Blackiis the new green

1 1879, the explorer Herbert Smith regaled.
the readers of Scribner’s Monthiy with tales
ofthe Amazon, covering everything from
the tastiness of tapirs to the extraordi-

nary fecundity of the sugar plantations. “The

fielditself” h ki

operation, “is a splendid sight; the stalks ten
feet high in many places, and as big as one’s
wrist” The secret, he went on, was “the rich
terra preta, ‘black land; the best on the Ama-
zons. Itisa fine, dark loam, a foot, and often
two feet thick”

Last month, the heirs to Smith's enthusiasm
met in a hotel room in Philadelphi

ofthe Amazon into the twenty-first century

world of carbon sequestration and biofuels.
They want to follow what the green revolu-

tion did for the devel 1ds plants with
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Drop of the black stuff: terrapreta contrasts
strongly withnormal soil in colour (Jeft) and
produces much more vigorous crops (below).

middens of settlements and are cluttered with
crescents ofbroken pottery. The larger patches
were once agricultural areas that the farmers
enriched with charred trash of all sorts. Some
soils are thought to be 7,000 years old. Com-
paredwith thesurrounding soil, ferra preta can
contain three times as much phosphorus and.
nitrogen. And as its colour ndicates, it contains
far more carbon. In samples taken in Brazil by
‘William Woods, an expert in abandoned settle-
ments at the University of Kansas in Lawrence,
theterm preta wasup to 9% carbon, \.om;\imd
with 0.5% for plain soil from places nearby’.
From Smith’s time onwards, the sparse schol-
arly discussion oftera preta was focused mainly
onthe queston of v-hether savages couldhave

Bm Woods' \.omprrhensl\v bibliography on the
subject now doubles in size every decade. About
40% of the papers it contains were publishedin
the past six years.

Loam ranger

The main stimulus for this interest was the
work of Wim Sombroek, who died in 2003 and
isstill mourned in the field. Sombroek was born

P
ablack revolution for the world's soils. They are
aware that thisisa tough sell, not least because
hardly anyone outside the room has heml of

in the Netherl: in 1934 and lived through
the Dutch famine of 1944 — the Hongerwinter.
His family kept body and soul together with

of laborious

theirproduct. But that d

the help of s small plot of land made rich and
]

more than h had
evangelical gleam.
The ol sientsts, achuologits,geogrs-
and

a dusunnly

sludy ru r G preta now agree thatthe Ammn s

sylvania, during the World Congress of Soil

Penn- indio,
the mrb.sms original human residents, who
ke terna preta than formerly sup-

Science. Their agenda pre
from theannals ofhistory and thebackwaters
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posed. The darkest patches correspond to the

©2006 Nature Publishing Group

mproved the land in part by
strewing it with !he ash and cinders from their
home. When, in the 505, Sombroek came across
terra preta in the Amazon, it reminded him of
that life-giving ‘Plaggen’ scil, and he more or
less fell in love. His 1966 book Amazon Soils
began the scientific study of tern preta.
Sincethen trial after trial with crop after crop.
hasshown how remarkably fertile the terra preta

is. Bruno Glaser, ofthe University of Bayreuth,
Germany, a sometime collaborator of Som-
broek’s, estimates that productivity of crops in
terra preta s twice thatof crops grown in nearby
soils”, Butit is easier to measure the effect than
explain it through detailed analysis.

Everyone agrees that the explanation lies in
large part with the char (orbiochar) that gives
thesoil its darkness. This dnr is made when

York, has studied with Glaser and worked with
Sombroek. He estimates that by the end of this
century terra preta schemes, in combination
with biofuel programmes, could store up to
9.5 billion tonnes of carbon a year — more
than isemitted by all today’s fossil-fuel use’.

Mudpack
The year before he died. Sombroek helped.to
1l into the Terra

organic matter dd

environment, rather than burns. The pamdes
of char producedthis way are somehow able
to gather up nutrients and water that might
otherwise be washed down below the reach
of roots. They become homes for populations
of microorganisms that turn the soil into that
spongy; fragrant, dark material that gardeners
everywhere love to plunge their hands into.
The char is not the only good stuff i i mm
preta— add hasex

Preta chvagmup, v.huh looks at the useful-
ness of using char in large-scale farming and as
a carbon sink. The group was well represented
at the Philadelphia meeting, although Glaser
was not there. Their aim is to move beyond
the small projects in which many of them are
involved and find ways of integrating char into
agribusiness. Afterall, wherever there is bio-
‘mass that farmers want to get rid of and that

probably playa role too — but it is the most
mportant factor.

Leavmg aside the subtleties of how char
particles improve fertility, !he sheer amuum
of carbon they can stash away is phy

c char is a possibility. That means
there are a lot of possibilities.

One problem is that there is a new competi-
tor for farm waste. Plant are largely made up
of cellulose, mdagesl'ble material in cell walls.
Recent technol | advances make it likely

In 1992, Sombroek published his first work on
the petential nflvmx preta asa tool for carbon
sequestration”. According to Glaser's resarch,
a hectare of metre-deep terra preta can contain
250tonnes of carbon, as opposed to 100tonnes
in unimproved soils from similar parent mate-
ml The extra carbon is not just in the char — it's

carbon andenhanced bacte-
rial biomass (hsz the char sustains.

Ground control

That difference of 150 tonnes is greater than
the amount of carbon in a hectare’s worth of
plants. That means turning d soil

that quitealot ofthat cellulose might be turned
into biofuel. At the moment, ethanol is made
from corn inthe United Statesand from sugar
in Brazil; if it were made directly from cellu-
lose, producers could work with awider range

Bio-char: Soill amendment & carbon sequestration

SEQUESTRATION NEWS FEATURE

Slow burn: the idea of using charcoaltosequester

of cheaper biomass. Given the ch turn-
ing waste material into fuel or into charcoal,
farmers might be expected to go for fuel, espe-
cially if thatis the way that policy-makers are
pushing them: US President George W. Bush
promised $150 million for work on cellulosic
ethanol in his 2006 state of the union speech.
But Lehmann and his colleagues dont see

Day’s pilot plant processes 10 to 25 kg of
Georgia peanut hulls and pine pellets every
hour. From 100 kg of biomass, the group gets
46 kgof carbon — halfas char — and around
5 kgofhydrogen. enough to go 00 kilometres
in a hydrogen-ful-cell car (not that there are

biofuel I ve to char — they see the

into ferra preta can store away more carbon
than growing a tropical forest from scratch on
the same piece of land, before you even start
to make use of its enhanced fertility. Johannes
Lehmann of Cornell University in Ithaca, New

”W”V\Ul
i

Nature, Vol. 442, 10 Aug 2006

two developing hand in hand. Take the work.
of Danny Day, the founder of Eprida. This
“for-profit social- purpose enterprise” in Ath-
ens, Georgia, builds contraptions that farmers
can use to turn farm waste into biofuel while
makingchar. Farm waste (or a crop designed
forbiofuel use) issmouldered — pyrolysed, in
thejargon —and thisprocessgivesoff volatile

manyaround yet). Originally, Day was mostly
interested in making biofuel; the char was just
something he threw out, orused to make car-
bon filters. Then he discoverad that his employ-
ees were reaping the culinary benefits of the
enormous turnips that had sprung up on the
piles of char lying around at the plant. Com-
bining this char with ammonium bicarbonate,
mzde using steam.recovered hydmgen, creates

organic molecules, which dasabasis
forbiodiesel or turned into hydrogen with the
helpof steam. After the pyrolysation, half of
the starting material will be used up and half
willbe char. That can thenbe put back on the
fields, where it will sequester carbon and help
grow the nextcrop.

Negativethinking

The remarkable thing about this process is that,
even afterthe fuel has been burned, more car-
bon dioxide is removed from the atmosphere
than is put back. Traditional biofuels claim to
be ‘carbon neutral, because the carbon dicxide
assimilated by the growing biomass makes up

is now one of his process’s
se]lmg points; the ammonium bicarbonate s a
nitrogen-based fertilizer.

“Wedon't maximize for hydrogen; we doni't
maximize for biodiesel; we don't maximize for
char” says Day. “By being a little bit inefficient
with each, we approximate nature and get a
completely efficient cycle” Robert Brown, an
engineer at lowa State University in Ames, has
a$1.8-million grant from the United States
Department of Agriculture (USDA) to fine-
tune similar technology, although being in
Towa, he uses corn stalks not peanut hulls.
“We are trying an integrated approach: we are
trying to evaluate the agronomic value, the

for the carbon dioxide given off by theb

of the fuel. But as Lehmann points out, sys-
tems such as Day’s go one step further: “They
are the only wayto make a fuel thatis actually
carbon negative”

©2006 Nature Publishing Group

value, th cvalue, the
engineering he
Brown thinksa 250- hectare farm on a char-
d i em can sequester
1,900 tones of carban s year. A crude calers
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Several studies have reported large
. . . Plant Population on 6/24/08
increases in crop yields from the use 5 e (Secding rate 30000) [
. L] <\E 1
of biochar as a soil amendment. 2
3 g i B
However, most of these studies were s [ \
conducted in the tropics on low g o] AB\
fertility soils. Need to study how 3 A
] . . & 22000
temperate region soils will respond 5
to biochar amendments. 20T ot Biochar Biochar
(4.4 ton/Ac) (8.2 ton/Ac)
L L3 L3 190
First .year trials in Iowa sho.wed a Corn yield 2008
15% increase plant populations, (56 total plots)
and a 4% increase in corn grain - [
yield from biochar applications.* < [ - \
g AB
Sl R j
*However, biochar quality is very
important. The wrong type of biochar b pulee nn S
i 1
can cause yield decreases! 60—~ oot —
(4.4 ton/ac) (8.2 ton/ac)

sovery with Purpose www.engineering iastate.edu



[OWA STATE UNIVERSITY
College of Engineering

Greenhouse gases reduced by
carbon storage in agricultural soils
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» Laboratory mix performance
» Scale up of production facilities

 Substantial capital investment

» Multiple end markets for pyrolysis products
« Demonstration projects

» Biomass composition varies, and thus products can
vary
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