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Energy with no Future
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How to get rid of the selfinflicted
nonage

The Solution:
SustainableéHydrogen Economy

marketsevenwithout subsidies

In FutureEnergywill be cheaperon all "' ”
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Genuine Hydrogen Economy

SolarElectricity

=

= Hydrogenfrom biomassvia steam
reformingis by far the mosteconomical
route

! 1 Onssite Conversion
= to Powerand Heat
Steam- Biomass via Fuel Cells
EL Reformer N\
Electrolysis|| Gasification Former NGyrid

Hydrogento comsumer
H2
Hydrogen Storage (Former NG StorageCavern)
A Systematiexcesf power generatesa

A heat guidedeconomywithout losses \/ 2
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Definition of Hydrogen Economy:

A In a hydrogereconomyenergyistraded at all

levelsashydrogenonly.

I Thismeansthat hydrogen musbe transportedto the final
consumer(pergrid).

A It is only there that the conversionto power and heatoccurs
I Thefuel cellisthe cheapesiand mostefficient energyconverter

Hydrogeneconomyis characterisedy a
100%cogenerationof heatand power

PA TENT GmbH2



Babylonian Confusion

Thestorageof hydrogenfeaturingcentralre-conversiorno
powerdoesnot constitutea hydrogereconomybut isan
electricoowermanagement

Merely providingpetrol stationswith hydrogenisalsonot a
hydrogeneconomy

PA TENT GmbH2



Efficiency of the Energy Chain

RegionaPIant550-5OO End Consumer (eg
PrivateHousehol(

Hydrogen

Biomass FuelCell Net Energie

Hydrogenis producedat 25

b dfl to th d

consumemithout Ioss. 100960 110%of
HeatingValue (LHVOf
the biomass 50%0f

whichaspower.

guidedeconomy

Priceof powerandheat areidenticalin aheat "' ”
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Efficiency of Automotive Drives

Fuel Cell Car [icdayiis from 2020

El. Power from Biomass
Power Station I
]
i

Blo-Methane Biodiesel 1,4 t/haRape
PowerstationBTL10/ha Wood
Methane 20 t/haSilomaize
BTL Hydrogen 25 t/haEnergyMaize
Biodiesel |
0 500 1000 1500

Range in 10%km/ha

Becaus®f the excesf power in a hydroge®conomythe difference

between carsdriven by fuel cellsor batteriesis lessimportant. 2
PA TENT GmbH
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Energy Consumption Today and
Tomorrow.

Hydrogen Economy

Germany 2007 Germany 2030
PrimaryEnergy 13.000 PJ oy
FossiiNuclear 93% Biomass70%

Renewable 30% [— Trend2025

Renewable 7%

Losses
8%

e.g.furnacegwhichno
longerexistin a
| hydrogeneconomy)

\
|

Thermodynamidachines

No cut-backsin Energy
Comfort

Today Tomorrow s ”

, PA TENT Gmbﬂ
* BWK®61,6(2009ncl. Correction Power=NeEnergy4.400+200=4.600J)



Need of Primary Energy DE, 2030

Sun,WindWater
Demand
not official Statistics O Bioenergy
LI m Green Power
Available Waste and Residual
‘ ‘ ‘ ‘ | ‘ ‘ ‘ ‘ | ‘ ‘ Maize Stubbles
| |

0 1000 2000 3000 4000
Energy[PJ]

Occurrrenceof biomasss greaterthan the demand

All atomicund fossilenergiescanbe substitutedby residues and "' ”

wasteavailable from agricultureandforestry.
Thecontroversyabout competitionbetweenfeed andfuel is

obsolete. PA TENT Gmb"




Sources of Hyd rogen

Photovoltaik

Wind

Excespowerrenders b3

electricityno more valuable

than heat

Oxygen priv.
Home
Conversion - —
> Power

Thermochemical |
Regional50-500 MW

Biomass
w< 50%

T’—’i: Heat
HydrogenGrid

Former NG grid
FuelCell /\—\/—/ Hot Water Tank

FuelCellHeatingSystem (e. gLOKW,)

\'l

If water contentis

> 50%: Bigsas S
from squeezed \l/ \%
liquor Fertiliser

PA TENT Gmbﬂ

11



Fuel Cell Heating System without
Reformer

Dealing with Exces$ower

N\

Hydrogen Heat ImmersionHeater
= . If more heat
iIsrequired
o Fuelcel | o — .y
10kW Toheating / /
Power I appliances
l IRRadiators,

YWater oCockleStove"...
Thefuel cell functionsasburnerconvertingone SomeRoomamaybe heated
half of the hydrogento power andthe other electricallyif necessary
halfto heat

Massproducedfuel cells(100.000units ) costca. 50e/kW,
Servicdife of 100.000 Hs expectedfrom 2011. 2
PA TENT GmbH
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Comparison Biological / Chemical

Main Reactor
1,6 mDiameter

Biologicab MW
Bio-Gas(Methane)

Thermachemical00 MW '

Hydrogen
PA TENT GmbH



Comparison
Biological/ Thermochemical

T Hydrogen 2(]\/IWe, i3

S an,bga@ ZCMWW

"' ”
Projection
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Recipe

Biomasst HO ' j,+ CQ

300-1000°C

It'san endothermicreactionwhich, by
principle doesnot incurenergylosses 2
PA TENT GmbH



H2 o Production /(Schema)

Synthesis Gas
> H,+ CO+COHO

. Cyclone Subsequenshift-reactor
Blomass converts
moist
( ) ) CO+EDa CQ+ H2
l Ashes
3MPal  (Fertiliser)

o pes ..:/Fluidised Bed (Sand)

s Heateror Oxygen

Steam

SteamReformer

PA TENT Gmbﬂz



Closed Cycle: Thermal Gasification

I CQ, optional
e oy A
AmmoniaSynthesis H, (1%) I Gasification
I =
-~ CQ . / /02

_ i—f 7 |
BlomaSSZOt/ha(Dry> § BT WI__

= /J S >

Nitrogen CaO MgO Cu Cd Pb

(100 kg/ha) PO KO Cr Zn Hg
Mineral Fertiliser pyst CQ Storage

(UnderGround

(Metallurgy
PA TENT Gmbﬂ 2
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Pressurised Cascaded Fluidised Bed
Gasification o an Innovative Process

Biomass O
moist
30 bar
Ashesas
Fertiliser
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BoU°C Shiit350°C Separation
€ CO + kh Iy Purification (I?DS A) Hydrogen
' H,+CQ HighPurity
25 bar
\ 4
CO2
Option:
Charcoakoil conditioner(TerraPreta
Aturns desertsgreen
Areverseggreenhouseeffect "' ”




Climate Protection byTerra Preta

= Effectof sequestratingl0%o0f the of charcoalof a hydrogeigplant
(30t/havyield) on afield with conventionalagriculture
=
s
+3 300 - X _
D — @ — Eiche k- Thegradientwould be
% —&—Buche ’ 10timesassteepif
E 20 ___:: Efﬂ;?asie — CO2wvere sequestrated
_,9 — ¥ — Kiefer ) #® A — A -_—_2_—__ t-_' __‘__T_.‘___ =4
— ___*___*__x_-—*——x——'x——*
D) —
o 100 -
©
S 7
(2 0 n /_[' 'I T T I I I I T I T I 1
8 10 20 40 60 80 100 120 140 160 180 200 220 240
I~ Ageof the forest
O
Karl-Heinz Tetzlaff 23.06.2009 Wiebke Saathoff 01.04.2008 Bonn
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Production and Utilisation of Hydrogen

Hydrogen-Plant

Wood  Silage
Heatflow
ZeroemissionProcess
Steam Drying | Pyrolysis | |Reforming | |Shift: Purification}
30 bar, || 640°C ] 900°C > CO+HO L5 Sulfur_ S
240°C H, + CO Y H, +CO,| [Chlorine
Tar<lmg/m? Teer

' Power/r iFertiliser l ﬁ

Waste CO2

Water
Hydrogen

EnergyChain =
Endconsumergets '
93% (HLV) bzw.

Hvd Hydrogerpipeline | TUEl-Cells 110% (HHVjrom ‘ '
ydrogen- > at Endconsumer | 1000 (LHV)

Plant de; = 60% biomassnergy

47%aspower from
h Power 108%net energy PA TENT Gmb"

(recycledalmostwithout loss



Biomass10 t/h (dry),52 MW, (LHV)

e Flow Sheet
SynthesisGas OW ee
Water Content y ! ©) p—
40-50% (S|mpI|f|ed )
o .
Screw 7
§ < Hydrogen 25 bar
©
= 8 = 54 |\/|W(LHV),64 MW HHV)
30 bar o3 2=
N oS
L2 T
L3 D ©
O > y
2 115mg| S
N Q@
o O
> : S
B O
= GmH E
E =
i =) @ (o) A <
HT-Shift oS |E v
> N o
S8 |5
Screw o2 |e COZpressureIess
=
Steam superheatef l
WasteWater

respect granulated PA TENT Gmbﬂ
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Paradigm Changeover

Today CH4 Natural Gas
Hyd rogen Transportationand
Pure Air (SteamReformer 56500 MW) decentralcogeneratiorof Pure Air
P Blomass PowerandHeatvia Fuel
W' \ Cells. [é}
s jL ﬁ i 5&@ I |"E§§@

i StorageOption Former NGGrid

Tomorrow
iy cO?2 H2 Hydrogen

Green Hydrogen Economy is more
than just a Technology M"”mbﬂ 2
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600 MW Hydrogen

Infrastructure

Thedistribution of power, heatand
fuel in the form of hydrogenby a single
gridisveryeconomicalO,7 ct/kWh
(inclusiveservice$. Thedistribution of
power aloneviathe electricgrid costs
about 7 ct/ kWh,

If almostall consumergproducemore

powerthan they need the distribution
of power will break down.

PA TENT GmbH2



Green Chemistry based on green
Hydrogen

Plastics
Lubricants
Fuels
|- Solvents
Dyestuff
L _1 Pharmaceuticals
Food Poteing€ + AUl YAY & X0

T Hydrogenf (1)
| Carbondioxide(CQ)

Sheetmetal carswere yesterday
Caramnmadeof carbonfibreswill be tomorrow.

PA TENT Gmbﬂz
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Bio -Hydrogen Is cheaper than NG

4
o 35
S
O 3
oZ
= == Biomass0e/t 4, *
*g § 2 ® Investment+Labor
5% 15 - ® Biomass
c =
g 2, 1 - CO2evenuesn excesof30 e/t
c{] reduceproductioncostsbyca. 1
T 0,5 1 ct/kWh.
0 -

50 MW 500 MW

Householdariffs are 0,7 ct/kWh higherthan productioncosts "'

Power respectivelyheat will then costca.1,82,5ct/ KWh. The
averageprice of NG in 20062008 was ca. 6t/ kWh (incl. tax)

PA TENT Gmbﬂ
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Lossless Power Management via
Bio -Hydrogen

Power Managemenirom psto

EI'G”g Weeksto balancedisturbances StabilisecEl.Grid
—
andto matchdemand
= I
=~ y =]
| Powertie-in andpower

consumptionup to five

Hydrogen . CO2 timesthe nominal power
2 | of all the fuel cellsin the

EEEE

Fuelcellscanhandle

pd

Endconsumer's
fuel cellsas
intelligent virtual
power station.

Bio-Storage = Bio-Charcoal Fertiliser mixturesof hydrogenand

NG-Grid naturalgas
Loadmanagemenby feedingand Natural Gas "'
dischargingf NG: Storage

Abalanceof fluctuatingpower
Amatchto fluctuatingheatdemand

PA TENT Gmbﬂ



Verlustfreles Strommanagement
mit Bio -Wasserstoff

Solar Power Loadmanagementrom psto
weeksto balancedisturbances LocaleGrid
—>

>
andto matchdemand
I Il/ :

~

Sgp——
=

Hydrogen . CO2

4
| Powertie ¢in and power

pd

consumptionup to five
timesthe nominal power
of all the fuel cellsin the

, grid.

Endconsumer duel
cellsasintelligent
virtual power station

T

Plant u A T
— 1 -
@ oo

[\

Bio-Storage Bio-CharcoalFeriliser

D Solar powerandits distribution by a
localgrid is generallynot competitive

HydrogenGrid
Loadmanagemenby feedingand Hydrogen " '
dischargingf hydrogen: Storage

Abalanceof fluctuatingpower
Amatchof heatdemand

PA TENT Gmbﬂ



Democratising of the Energy
Economy

Communegmunicipalenergy
supplierg,aswell asfarmersand
forestownerswill profit from the new

greenenergy economy

PA TENT GmbH2



How Dbig Is the cake ?

A Overall Germareconomicscould saveseveral
100Bn.e/a

A Competingwith the existingenergyeconomy
ca.100Bn. e/a couldbe gainedfrom Bio-

Hydrogenby businesscompanies

A Someregions(ca. 200.000nhabitantg havinga 500 MW
H2-Plant,canearnupto 500 Mio.e/a (afterinvestingca.
100 Mio.€).

PA TENT GmbH2



What does the remodelling cost ?

Retrofitting of the energyeconomy
only requiresan intellectualeffort ¢

nothingelse

Bydivertinginto the hydrogeneconomyl10%o0f the 40 billion €/a
currentlyspentin the field of renewableenergiesthe taskcouldbe
achievedwithin 10years

PA TENT GmbH2



Alternative Investments up to 2025

Business as Usual Bn. 0 |Green Hydrogen Bn. G
Economy

Reparing and renewal of 200 |Hydrogen Plants 25

conventional power stations und

power grids

Increasing fraction of renewable 200 |Gas Grid extension 10

energies til 2020 to ca. 20% (Essen
Deklaration)

Refurbishment of buildungs to 1000 |Saving of energy not
reduce energy consumption essential
Summe 1400 |Summe 35

Aninvestmentof 35Bn € for installinga completehydrogen
Infrastructure (includingfuel cellg canbe achievedin afew years

PII TENT GmbH 2



Climate protection negotiationss ?

Media @ndpoliticiang are
convincedprotection of climate
andenvironmentincurshigh
cost

Tosharetheseandnot lose
competitivity global
negotiationsare considered
essential.

Theworld hasnot improved
since

Whatdo we need climate protection negotiationsfor, if we
canopt for a conceptwhich promisescheaperenergythan
today andno extracostfor the environmen®

PA TENT GmbH 2



Investment [Mio U]

80
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Investment in a H2 -Plant

|
//
/ /
0 100 200 300 400 500

Capacity [MW] Hydrogen
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Calculation

Sizeof plant basedon thermal

50 MW | 500 MW | 500 MW
100€/t | 50¢€lt 100¢€/t

performance

Priceof Biomasddry)

Depreciation10% -2
Repairb% -1
R.O.l 5% + Insurance 1% -1,2
Labour -0,8
Biomass -3,9

Gasddistribution to householdD,7ct/kwWh -3,4
1)

Proceedof Power 21ct kWh(EEGr self) 42,5

Proceedof Heat6,4 ct/kWh 15,3
Profit (Miog/a) 45,5
Return on Capital 233%

D Thisassumes free market Accordingto § 20aGasNE\Mt's the other way round:

grid operator paysthe investor
Investment HZPlant: 50 MW = 20 Mi@&; 500 MW = 80 Mioe

Thefuel cellheatingunits are financedby the Mini-BHKWProgramof the BMU, respare installedwhenrenovating PATENT Gmb"

2 -8 -8
-1 4 4
12 48 4,8
0,8  -1.2 1,2

-(,7 -38,4 -76,8
-3,4 -34,1 -34,1

42,5 425 425
15,3 153 153
41,7 487,5 449,1
214% 614% 567%

"'

\/

without extracost Powelfor the H2- Plantis obtainedwithout loss and costfrom customers



Maximum EEG -Allowance from Bio-H2 for Power < 150 kW,

Costcategory(cited from EEGNovellierung 2009 in Germany)
Basicallowance827 (1) 1. 11,67*
TechnologyBonus827 (4) 1 Supplementtl, 2., 3. 2,0
CHPBonus827 (4),3,Supplemens, I, 2., 3. 3,0
NawaReBonus§827, Attachment2

BasicAllowance NawaRo 7 ct/kWh 9,0
Country cultivation Bonu£ ct/kWh

FuelCellBonus ip the new CHPact subjectto numerousrestrictiong 5,11

1 30,78

* Assumeplants>X  nKthe allowanceis lower by
3,88ct/kWhfor plants)x  H n Framd5dMW onwards
CHHAs compulsory(exceptionFC?).

Note:

-FCheatingunits shouldundercut100kW, sothat the EVUcan tturn it off.

-FCheatingunits shouldundercut50 kWto securefull financingby the Mini-BHKWProgramof the

BMU "' ”

Degression = 1%/ab 2010 G viarranty PA TENT GmbH
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What impact has this on agriculture
and forestry ?

A Agricultureandforestry will be ableto furnish

100%0f the country sdemandof energy

I Becausef the regionalstructuresinvolvedthey can
participateat all levelsof the valueadded
A Provisionof the biomass
A Productionof hydrogen in 56600 MWplants (Cooperative?)
A Distributionof hydrogen pegrid (former NGgrid)
A Contracting=Csat end-customer

PA TENT GmbH2



Monopoly or not, that's the question

If agricultureandforestry missthe time slot* to
act, they are goingto be reducedto mere
feedstocksupplierg, astoday!

* As an Orientationthe time slot for retrofitting the energy
economyto masterthe climate changeis consideredo be 10- 20
years

PA TENT GmbH2



How to start with hydrogen?

A H,-Porductionfrom Biomass

I S0MW,, to supply500 bis 15.00@ustomers
A Pilot plant ca. 40 Mice (without grid)
A After optimising(2 year9 high profits
A World wide the first petrol station offering cheapsustainable
hydrogen.

A H,-Production from Bio-Gas*

I 500kW,, to supplya selectedvillageca. 50customers
A Investment ca. 4 Mice incl. grid and petrol station (rough

estimation)
A Publicadvertisingthe concept
A Not economical
A Theprofit lies inthe generationof subsequentonttacts ”
* Theproductionof hydrogenby electroysigs cheaperon asmall \, 2
scale, but would signalthe wrong message PATENT GmbH



Applied Technologies

A StationaryFuel Cellsvithout Reformer

A Preinstallationto Gasfurnaceor asnew FCheatingunit, which
neednot be more expensivehan gasfurnacestoday.

A ReformerFCsavailabletoday are expensiveasare high
temperature FCausingNGasfeedstock
I Limitedcontrollability, reliant on electricgrid

A Mobile FCsissubstitutefor batteries
A Market volumecurrently ca.10.00Qunits/a

A FCs ircars
A Costof fuel: 0,3 bis 1,2/ 100 km(before tax)

A FCs iragriculturalmachines

PA TENT GmbH2



Fuel Cells in Agricultural Machines
A Dynamic Market

A Agriculturalmachinesare more quicklydeveloped

A Productionis on acomparativelysmallscale

A Agriculturalmachinesrequire a multitude of drives

A Electricmotorshavea simple design
A Modular desigrsupportscostreduction

A Electricdrives facilitates automation
i E.Gsmalldriverlessvehiclesfeaturing low soil compaction

A Agriculturalmachinesstickto the region

A Exportto beginwith in hydrogenregionswith a proprietary supplystation

PA TENT GmbH2
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Stadtwasserstoff

A future-compliantenergy
economymust be ableto
completelyprovide big towns
with power,heatandfuel.

®. Agreenhydrogeneconomycanperform this. It
. haszeroemission is cheaperand more
b efficient than the current system

ThepresentNGgrid offers the required

infrastructure.
i\ R ”

PA TENT Gmb"




Thank you for your
Attention
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