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Green Hydrogen Economy
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Heat guided Energy Economy: lossless on consumer’s side
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Energy Distribution

Single grid meets the demand
for heat and el. Power (incl.
Transportation).

600 MW Energy distribution per electric
el Power grid is 10 times as expensive as
per pipeline
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600 MW Hydrogen Pipeline
(drawn to scale!) PATENT Gmbﬂ



Hyd

rogen Production

Synthesis Gas
> M, +CO+CO, +H,0

Cyclone

Biomass

(wet) e

l 3 MPa

Screw |-

Ashes
Industrial gasification has been
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Industrial Production of Hydrogen in Pressurised
Cascaded Fluidised Bed Reactors

: Gasification 850°C [EEULSEEIO® :
Blpmass H, + CO + CO CO + H,0 - | Purification Separci Hydrogen
moist, 30 bar 2 2 (PSA) purified, 25 bar
tarfree syngas H2 + C02

Ash as
Fertiliser

Co,

Option:
Charcoal to Improver Soil (Terra Preta)
= Turns Deserts Green

= Reverses Greenhouse Effect "' ”
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Biomass: 10 t/h (dry), 52 MW,,, (LHV)

Synthesis Gas !'

Flow Sheet

Hydrogen, 25 bar
54 MW (LHV) 64 MW (HHV)

A| I I l
[ v
Waste COZ, pressureless ‘ '
Water

PA TENT Gmbﬂ



Biomass

Energy Efficiency

Regional Plants End User
50-500 MW (Private Home)

Hydrogen

Gasification Fuel Cell Net Energy
Pipe Line

100% to 110% of
Heating Value of
Biomass, ca. 50% as El.
Power
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Efficiency of Technologies

Fuel Cell Car (2)

Surplus Power from Fuel Cells (1)

Power from Biomass Power Station

Bio-Methan ¥ o
Biodiesel: 1,4 t/ha rape
N Power Station, BTL: 10 t/ha wood
BTL . Methan 20 t/ha maize
| Hydrogen 25 t/ha energy maize
Biodiesel F ‘ ‘
|

o

0,2 0,4 0,6 0,8 1 1,2 1,4
Range [Million km/ha /y]

(1) Based on stored Hydrogen, the effiziency will be about 70 and 110% (NEFZ)
for cares later 2020

(2) In cold winters half of this range, because car heating comes from batteries
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Reduction of Energy Demand,
Germany for Example

Energy Management 2007

Primary Energy: 13.500 PJ/a
Fossil, nuclear: 93%
Renewable: 7%

Hydrogen
Energy

Management

2030

Primary Energy:
4.800 PJ/a

Biomass: 67%
Renewable 33%

|

Power Cycle Machines

10% Loss
(Industry and
Transportation)

10% Reduction
(Insulation
Electrification)
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Estimation of Hydrogen
Economy Potential
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Bio- Potential [%] EU-25

The biomass potential alone suffices to substitute all fossil and
nuclear energies in Europe (without reducing energy consumption).

"~ Crop increase reduces areas needed

plants which in turn have increasing
— crops

. for food and sets free areas for energy _
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Self-sufficiency =100% (Food)

Rainfed only
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Water = Energy = Water

If you have water you can produce bio-energy.
If you have bio-energy you can produce much more water.

If you have water ....

1 m3 of water produces 5 kg biomass
1,5 kg of biomass produces 1 m3 water by desalting ocean water ...
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Bio-Hydrogen: a magic formula PA TENT Gmb"



Digestive and Chemical Plants
Compared

"'Q

An initial assessment of investment 2
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The Fairytale of the Expensive
Hydrogen

Household rate, inclusive FAT, Germany 2009

73 €/t wood, dry

Price for heat [€-Cent/kWh]
o - N w N Ul (@)} ~

Natural gas Wood pellets Hydrogen

\'l
Hydrogen: 2,6 ct/kWh for heat and power
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How to Start

The smallest unit will be 50 MW hydrogen, sufficient a for full service of a town of
about 30.000 inhabitants

Two solutions:

1. Hydrogen Island (Civita)with pure hydrogen pipelines working as a virtual
power station with 1.000 fuel cells 25 kW, each for example. In this case most
of the heat will be lost, but the overall efficiency of about 50% is higher than
the efficiency of a biomass power station. You need the power line if the
hydrogen plant is shutting down.

2. Use of fuel cells in a pipeline network with contains hydrogen and natural gas
as a mixture. In this way, a hydrogen economy can developed step by step. The
loss of heating energy goes also step by step to zero. Your standby system is the
power line and natural gas. This concept has several advantages to stabilize the
power line in the transitional period.
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Mixed Use of Hydrogen
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Hydrogen Plant End user burnsNG
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Biomass Reforming  Cleaning

power stations and
small CHP
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Underground
cavern
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Charcoal Fertiliser




Advanced Power Management

Power management can handle

: all kinds of fluctuations ranging =
= from ps to Ms I
N
~ g = =
Power and
heat produced
CO2 J from hydrogen

Hydrogen Plant End users
with fuel cells
[ [ forming a big virtual

Biomass Reforming  Cleaning

power plant
Charcoal Fertiliser
Power and heat management by charging and "'
discharging the underground cavern Underground
= Management for fluctuating power cavern

= Management for heat on demand PA TENT G""’"



Hydrogen Economy

CO2
Hydrogen Plant End users produce

H ---- their own power by
2 s fuel cells only

Biomass Reforming  Cleaning

Charcoal Fertiliser

H, Pipeline Network "'

Underground
cavern
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Green Hydrogen Economy

" Pl

Today CH4 Natural gas
Hyd rogen Cogeneration and traffic
Clean air (Steam Reformer) with fuel cells Clean air

il Biomass
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Tomorrow i Storage option " Hydrogen

CO2

The green hydrogen economy is more than a technology 2
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