Renewable’Hydrogen Production
Witiiearion Sequestration

A Response to Environmental
Imbalances and Movement Toward
Sustainability and Socio-Economic

Stability
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A Development Platform

The Sun, Earth and Moon represent a
relatively sustainable system for the next
few billion years

Yet, imbalances from natural competition
are found locally throughout the world and
are a natural part of our evolving system
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Energy Carrier: Hydrogen

Plant
GPP Respiration
=120 Gt Cyr! =60 Gt C yr!

Combustion

Decomposition Blomass Disturbance
=6 GtC }"r'l

SIS0 =8 Conversion =9GtCyr!
mg <14 Gt C yr' [

Short-Term MMed.-Term Long-Term
Carbon Carhon Carhon
Uptake Storage Storage

Fossil Fuel

Net Primary
Production
60 Gt 3?1"'1

Adapted from Steffen . et al. (1998,
TPCC (2000b), TISAS (2002)

What 1s possible? >1PPM=1.2Gt C or

~4Gt C yr!
yr v

Met Ecosys
Production

10 Gt © yrl

Net Biome
Production

+1 Gt C yr!

Geological Pool




ges Photosynthesis

Catalytic Steam
6 + 60, --> Reforming
60% H2
20% CO,
7% CO
3% CH,




NELUESERNa
OXYERIVENOCEIBO Processing

L\¢
AlNC

significar
of the carbon in the
form of charcoal.

Char is a natural part of all soil carbon content



ChalicealfeVen ini weathering environments
cai beNoune as oldias 11,000 BP (Gavin)
| denislag, it is a beneficial soil

= Unlike CO2 pumped into the ground or ocean
at a cost, charcoal has a saleable value.



1 Blacki Cald@niis al te W|dely used for soot,
2| f) erorr)nol i@sidue of combustion and a
rIDULON globﬁ'warmlng

Char foundin soils from forest and range
fires has al carbon framework remaining after
the pyrolysis of volatile organics.

m Charcoal has proven itself with over 2000
years of testing as a soil amendment in terra
preta soils.




Rl With lime only Lime + Charcoal

With NPK and Charcoal With NPK (Taiwan, 2001)
Food and Fertilizer
Manaus, Brazil - Terra Preta Research, 2001 Technology Center

Christoph Steiner, University of Bayreuth for the Asian and
Institute of Soil Science and Soil Geography Pacific Region

Surface oxMhe char'increased the cation exchange capacity
(Glaser)

Char decreased leaching significantly (Lehmann)
Char traps nutrients and supports microbial growth (Pietikainen)

Char increased available water holding capacity by more than 18% of
surrounding soils (Glaser)

Char experiments have shown up to 266% more biomass growth
(Steiner) and 3249 (Kishimoto and Sugiura)



IWES:PYogenic carbon
esHioadditional energy

Char Formation

Endothermic Exothermic

Reformation

140 200 23u 400 500

Both are possible

Mid-exothermic

range
Bemoval of Char begins to glow. Most gases have
- fres Water — ) evolved from char and with no protective
Appropriate S cloud it provides active sites for additional
Non-Combustibles of _ reactions and will be consumed by gasification
TeChn0|09y Water Vapor Condensibles | with CO2 andior steam (endothermic reactions)

Carbon dioxide or any 02 (exothermic).
Formic Acid
Acetic Acid

. Hemicellulose ” ot 5
Low comparative e Desired characteristics:

investment Methane < leaching rates

Combustibles

Flammable tars >1nternal pore structure

lm
are formed >170C .
Runkel and Wilke) >good cation exchange




Char
/' N, co,
Biomass - H\Lb NH;%»NH‘HCUJ or (NH)CO¥

* Catalysis

NO, + SO, %ﬁu NO, + H,SO, NHJNO* + {NHQ}ZSD*
ECOSS Fertilizer Schematic

Enriched Carbon Organic Slow release Sequestering Fertilizer

Increased
XE{‘; Controled | | SCEEN Renewable Hydrogen

H,0

slow release

Carbon capture roden ertilizer -
S e ||l | / can produce a material
o / that scrubs CO2, SOx

Agricultural Improved

and Forestry Carbon management through pyrolysis EnVironmentaI a n d N Ox from foss i I

C Bi Qualit . .
rop Blomass I\ \ i fuel while producing a
Witttk e valuable co-product.

of fossil fuel

Semi-permanent soil

C sequestration via
char bi-product

Decreased CO, and
MN,0 emissions, less
denitrification




Process Flow : Renewable Hydrogen Production and CQO, Sequestration Optional
Producing an Enriched Carbon Organic Slow Released Fertilizer (Patent Pending) C O IR
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Process Flow : A Multistage Nutrient Release Sequestration Soil Amendment

P Pendi
(Patent Pending) i\ 3 Forest Residue  H_+ CO, CO,
LARARNge Energy Crops Pressure Swing
| \ Adsorption

H, (3x) Use/Sell
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ECOSS Fertilizer
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| drogﬁi'ls fertilizer manufacturing, a
3 gas producing industry

= |ts has _bulkldnatrlbutlon channel for large scale
sequestration co-products

It's distributed production offers a way to utilize
hydrogen as a direct feed to the grid and as
transportation begins to naturally increase its demand, it
will pull capacity in an economically viable manner




Bituminous

Diesel

Gasoline

Propane

Liquified Petroleum Gases (LPG)

Natural Gas (Pipeline)

@ CO2 kg/MBTU

H2 & ECOSS |

-100

Current energy use ~400Ej/yr (Lysen) and CO, is increasing by 6.1 Gt/yr (IPCC).
Each 1.0 MBTU H2/ECOSS represents 91kg (as measured, 150kg calculated
possible) of sequestered CO,, then 6.1Gt/91kg equals 0.07Ej or 0.01.8% of the

current world consumption of energy.




conclusion — rJ :

IS 8 DIEEKS 'the "]90 ofifessil fuel to fertilizer while supporting
| Jrowm g Imrlersrar C nﬁgﬁﬁomplex systems required to
100 ergy.
r&ers a new contract crop that can keep farm

uring entire growing seasons for staged
harvestmg

m Production of a valuable co-product during hydrogen production

is a requirement for economics while fossil fuel prices are so
low.



Conglusionsi="Carbon
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yS characteristics which will

e carbon pores for physical slow
enhancing plant uptake and

position of volatile fatty acids offer microbial
energy source and enhancement of nitrogen compound
processing.

Increased cation exchange and water holding capacity provide
better plant-soil efficiencies.

The possibility exists to profitably sequester carbon while
scrubbing for SOx and NOx and producing Hydrogen
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OWer cost &questratlon technology will

support he competltlveness of both small
and large businesses int America.



he limiting factor) A¢
ould only be enough CO, to convert

n but sequestering 91kg of carbon dioxide (as
of hydrogen utilized for energy. In addition,
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