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Energy with no Future

Advent of a Hot 
Age

Peak Oil

Peak Gas

αBusinessasusualά would
be too expensive!

Source: Riley-Study for EU (2007)

thousandyears

IPCC-scenario
for 2100

TodayVostokicecore
420,000 years

iceage

EU-25+Turkey: supplyanddemand



How to get rid of the selfinflicted

nonage

The Solution:
SustainableHydrogen Economy
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In Future Energywill be cheaperon all 
marketsevenwithout subsidies.



Genuine Hydrogen Economy

Electrolysis

Hydrogen Storage (Former NG Storage Cavern)

Solar Electricity

EL
Steam-

Reformer

H2

Gasification

Biomass

Hydrogen to comsumer

On-siteConversion
to Power andHeat
via Fuel Cells

Former NG grid

Hydrogen from biomassvia steam-
reformingisby far the mosteconomical
route

ÁSystematicexcessof power generatesa
Áheat guidedeconomywithout losses
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Definition of Hydrogen Economy: 

ÁIn a hydrogen economyenergyis tradedat all 
levelsashydrogen only. 
ïThismeansthat hydrogen must be transportedto the final 

consumer(per grid). 
ÅIt isonly there that the conversionto power andheatoccurs.

ïThe fuel cell is the cheapestandmostefficient energyconverter.

Hydrogen economyischaracterisedby a 
100% cogenerationof heatandpower
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The storageof hydrogen featuringcentralre-conversionto
power doesnot constitutea hydrogen economybut isan 
electricpower management.

Merelyprovidingpetrol stationswith hydrogen isalso not a 
hydrogen economy.

Babylonian Confusion :
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Efficiency of the Energy Chain

Biomass
Gasification
ʹҐфо҈ ό[I±ύ

Hydrogen

Gas pipe

Regional Plants50-500 
MW

Net EnergieFuel Cell

End  Consumer (e.g. 
Private-Household)

100% to 110% of
HeatingValue (LHV) of
the biomass, 50% of
whichaspower. 

Hydrogen isproducedat 25 
barsandflows to the end 
consumerwithout loss.

Price of power andheat areidenticalin a heat
guidedeconomy
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Efficiency of Automotive Drives

0 500 1000 1500

Biodiesel

BTL

Bio-Methane

El. Power from Biomass 
Power Station

Fuel Cell Car

Range in 103km/ha 

from 2020

Biodiesel 1,4 t/ha Rape
Power stationBTL10/ha Wood
Methane 20 t/ha Silomaize
Hydrogen 25 t/ha EnergyMaize

today

Becauseof the excessof power in a hydrogen economythe difference
betweencarsdrivenby fuel cellsor batteries is lessimportant.
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Energy Consumption Today and

Tomorrow.

* BWK61,6(2009) incl. Correction: Power=Net Energy(4.400+200=4.600 PJ)

Primary Energy: 13.000 PJ
Fossil, Nuclear: 93%
Renewable: 7%

Primary Energy: 
3.300 PJ

Biomass: 70%
Renewable:  30%

Net Energy
3.050 PJ

92%
Power, Heat,

Transportation.

Power Stations
34%

Net Energy
4.600 PJ*

35%
Power, Heatand
Transportation

Tranport
16%

Germany 2007

Losses
8%

ThermodynamicMachines

Hydrogen Economy 
Germany 2030

Today Tomorrow

Trend-2025

Others.
15%

e.g.furnaces(whichno
longerexistin a 
hydrogen economy)

Nocut-backsin Energy
Comfort
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Need of Primary Energy DE, 2030

0 1000 2000 3000 4000

Available

Demand

Energy[PJ]

Bioenergy

Green Power

Waste and Residuals

Maize Stubbles

not  officialStatistics

Biomass

Occurrrenceof biomassisgreaterthan the demand.
All  atomicund fossil energiescanbe substitutedby residuesand
wasteavailable from agricultureandforestry.
The controversyaboutcompetitionbetweenfeedandfuel is
obsolete.

Sun,Wind,Water

Renewable
Power



Sources of Hydrogen

Heat

Power 

Hot Water TankFuel Cell

Fuel CellHeatingSystem (e. g. 10 KWel)

Conversion

Thermo-chemical

Regional  50-500 MW

Hydrogen Grid

priv. 
Home

Former NG - grid

Biomass
w< 50%

Bio-GasIf water content is
> 50%: Bio-Gas 
from squeezed
liquor
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Wind

Photovoltaik

Fertiliser

CH4

Excesspower renders
electricityno morevaluable
thanheat.

Power 
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Fuel Cell Heating System without

Reformer

Fuel Cell
10 kW

Hydrogen

Power
Toheating
appliances

Water

Immersion Heater
If moreheat
is required

Heat

IR-Radiators,
αCockleStove" ...

The fuel cell functionsasburnerconvertingone
half of the hydrogen to power andthe other
half to heat.

SomeRoomsmaybeheated
electricallyif necessary

Dealingwith ExcessPower
50 kW

Massproducedfuel cells(100.000 units ) costca. 50 ϵ/kWel. 
Service life of 100.000 h isexpectedfrom 2011.
(Final Report Roads2HyCom 2009)
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Thermo-chemical200 MW

Biological 5 MW

Hydrogen

Bio-Gas (Methane)

Main Reactor:
1,6 m Diameter

Comparison Biological / Chemical
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Hydrogen 20 MWel

Biogas 20 MWel

Comparison : 

Biological/ Thermochemical

Projection



Biomass+ H2O  Ҧ      + CO2

Recipe

300-1000°C

It`san endothermicreactionwhich, by
principle, doesnot incurenergylosses.
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M

Synthesis Gas

+ CO + CO2 + H2O

Fluidised Bed (Sand)

Cyclone

Ashes

Screw

Biomass

(moist)

3 MPa
850ÁC

H2 ðProduction / (Schema)

Heateror Oxygen

Steam

Subsequent shift-reactor
converts:
CO + H2O aCO2 +

( Fertiliser)

Steam-Reformer
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H2: 2,7 t

Biomass: 20 t/ha (Dry)

CaO    MgO
P2O5 K2O

Cu  Cd   Pb   
Cr   Zn   Hg

CO2-Storage

( UnderGround)

CO2, optional

Dust
(Metallurgy, 
WasteDump)

Mineral Fertiliser

H2 (1%)

Nitrogen
(100 kg/ha)

Ammonia-Synthesis

CO2

GasificationO2
O2

Closed Cycle: Thermal Gasification
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Pressurised Cascaded Fluidised Bed

Gasification ðan Innovative Process

Biomass
Gasifcation850°C

H2 + CO + CO2
TarFree Synthesis Gas

Shift350°C
CO + H2h Ҧ 

H2 + CO2

Purification
Separation

(PSA)
Hydrogen

moist
30 bar

Ashesas
Fertiliser

Option:
Charcoalsoilconditioner(Terra Preta) 
Áturns desertsgreen
Áreversesgreenhouseeffect

CO2

High Purity
25 bar
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Climate Protection byTerra Preta

The gradientwould be
10 timesassteepif
CO2 weresequestrated
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Age of the forest

Effectof sequestrating10% of the of charcoalof a hydrogenςplant  
operatedon a 30t/ha yieldbasis assumingconventionalagriculture(30t/ha yield) on a field with conventionalagriculture



Production and Utilisation of Hydrogen

Mixing,

Drying,

Preheating
W =39-50%

Screw

Steam Drying
30 bar,
240°C

Pyrolysis
640°C

Reforming
900°C
H2 + CO

Tar<1mg/m3

Shift:
CO+H2O
ŸH2 +CO2

Purification:
Sulfur
Chlorine
Teer

Gas-

Separation
(PSA)

FertiliserPower

Wood Silage

CO2

Hydrogen
25 bar

Heatflow

Waste
Water

Biomass
100% (Hu)

Hydrogen-

Plant

Fuel-Cells
at End-consumer
ɖel = 60%

Hydrogen-Pipeline

Power

Hydrogen -Plant

Energy-Chain

(recycledalmostwithout loss

End-consumergets
93% (HLV) bzw. 
110% (HHV)  from
100%  (LHV) 
biomassenergy.
47% aspower from
108% net energy
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WasteWater
respect. granulated
Fertiliser

A

A

CO2, pressureless

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

PSA

Steam, superheated

Synthesis -Gas

A
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Biomass: 10 t/h (dry), 52 MWth (LHV) 

HT-Shift

Screw

Screw

30 bar

WaterContent 
40-50%

1-1,5 m Ø

Flow Sheet 
(simplified )
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Paradigm Changeover

Natural Gas

HydrogenCO2

CH4

H2

El. Grid

Coal

Oil, Gas

Fuels

Heating Oil

Biomass Nuclear

Hydrogen
(Steam-Reformer 50-500 MW)

Biomass

Fuel 
HeatingOil

CO2, NOx ...

Losses CO2, NOx...

DistrictHeatingGridÖl

Today

Tomorrow
Storage-Option

Pure AirPure Air

Green Hydrogen Economy is more

than just a Technology

Transportation and
decentralcogenerationof
Power andHeatvia Fuel 
Cells.

Former NG Grid
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The distribution of power, heat and
fuel in the form of hydrogen by a single
grid isveryeconomical0,7 ct/kWh
(inclusiveservices). The distribution of
power alonevia the electricgrid costs
about 7 ct/kWh.

If almostall consumersproducemore
power than they need, the distribution
of power will break down. 

60 m

600 MW 
Power

600 MW Hydrogen

Infrastructure
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Green Chemistry based on green

Hydrogen

Hydrogenf (H2)

Carbondioxide(CO2)

Plastics
Lubricants
Fuels
Solvents
Dyestuff
Pharmaceuticals
Food (PoteinsΣ ±ƛǘŀƳƛƴǎ Χύ

Sheet metalcarswere yesterday, 
Cars madeof carbonfibreswill be tomorrow.
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Bio -Hydrogen is cheaper than NG

0
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Investment+Labor

Biomass

*Price of biomass(residueandwaste): -200 bis +100 ϵ/t dry (18 MJ/kg)

Biomass50 ϵ/t dry *

CO2 revenuesin excessof30 ϵ/t  
reduceproductioncostsbyca. 1 
ct/kWh.

Householdtariffs are0,7 ct/kWhhigherthan productioncosts.  
Power respectivelyheat will then costca.1,8-2,5 ct/kWh. The 

averagepriceof NG in 2006-2008 was ca. 6 ct/kWh(incl. tax)
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Lossless Power Management via 

Bio -Hydrogen

H2

CH4

CO2

Fertiliser

NG -Grid

Power Management from µs to
Weeksto balancedisturbances
andto matchdemand

End-consumer`s
fuel cellsas
intelligent virtual
power station. 

Hydrogen 
Plant

Loadmanagementby feedingand
dischargingof NG:
Ábalanceof fluctuatingpower
Ámatchto fluctuatingheatdemand

Natural Gas 
Storage

Bio-Charcoal

Power tie-in andpower 
consumptionup to five
timesthe nominal power 
of all the fuel cellsin the
grid.

El.Grid StabilisedEl.Grid

Bio-Storage
Fuel cellscanhandle  
mixturesof hydrogen and
naturalgas
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Verlustfreies Strommanagement 

mit Bio -Wasserstoff

H2

H2

CO2

Feriliser

Hydrogen Grid

Loadmanagementfrom µs to
weeksto balancedisturbances
andto matchdemand

End-consumer`sfuel
cellsasintelligent 
virtual power station

Hydrogen 
Plant

Loadmanagementby feedingand
dischargingof hydrogen:
Ábalanceof fluctuatingpower
Ámatchof heatdemand

Hydrogen 
Storage

Bio-Charcoal

Power tie ςin andpower 
consumptionup to five
timesthe nominal power 
of all the fuel cellsin the
grid.

Solar Power LocaleGrid1)

Bio-Storage 1) Solar power andits distribution by a 
localgrid is generallynot competitive.
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Democratising of the Energy

Economy

Communes(municipalenergy
suppliers),aswell asfarmersand
forestownerswill profit from the new
greenenergy economy.
Investments of 20-200 Mio.ϵin somecasescouldbe
shoulderedbymedium-sizedbusiness.
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How big is the cake ?

ÁOverall German economicscouldsave several
100 Bn.ϵ/a 

ÁCompetingwith the existingenergyeconomy
ca. 100 Bn. ϵ/a couldbe gainedfrom Bio-
Hydrogen by businesscompanies.
ÁSomeregions(ca. 200.000 Inhabitants) havinga 500 MW 

H2-Plant, canearnup to 500 Mio. ϵ/a (after investingca. 
100 Mio. ϵ).

29



What does the remodelling cost ?

Retrofitting of the energyeconomy
only requiresan intellectualeffort ς
nothingelse.

Bydivertinginto the hydrogen economy10% of the 40 billionϵ/a 
currentlyspentin the field of renewableenergies, the taskcouldbe
achievedwithin 10 years. 
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Business as Usual Bn. ú Green Hydrogen 

Economy

Bn. ú

Reparing and renewal of

conventional power stations und 

power grids

200 Hydrogen Plants 25

Increasing fraction of renewable

energies til 2020 to ca. 20% (Essen 

Deklaration)

200 Gas Grid extension 10

Refurbishment of buildungs to

reduce energy consumption

1000 Saving of energy not 

essential

Summe 1400 Summe 35

An investmentof 35 Bn. ϵfor installinga completehydrogen 
infrastructure (includingfuel cells) canbe achievedin a few years

Alternative Investments up to 2025

31
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Climate protection negotiationss ?

Media (andpoliticians) are
convincedprotection of climate
andenvironmentincurshigh
cost.

Tosharetheseandnot lose 
competitivityglobal 
negotiationsareconsidered
essential.

The world hasnot improved
since.

Whatdo we needclimateprotectionnegotiationsfor, if we
canopt for a conceptwhichpromisescheaperenergythan
todayandno extra costfor the environment? 
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Investment in a H2 -Plant
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Calculation

Sizeof plant basedon thermal 
performance
Price of Biomass(dry)

50 MW
50 ϵ/t

50 MW
100 ϵ/t

500 MW
50 ϵ/t

500 MW
100 ϵ/t

Depreciation10% -2 -2 -8 -8

Repairs5% -1 -1 -4 -4

R.O.I  5% + Insurance 1% -1,2 -1,2 -4,8 -4,8

Labour -0,8 -0,8 -1,2 -1,2

Biomass -3,9 -7,7 -38,4 -76,8

Gas distribution to households0,7 ct/kWh
1)

-3,4 -3,4 -34,1 -34,1

Proceedsof Power 21 ct/kWh(EEG or self) 42,5 42,5 425 425

Proceedsof Heat6,4 ct/kWh 15,3 15,3 153 153

Profit (Mio.ϵ/a) 45,5 41,7 487,5 449,1

Return on Capital 233% 214% 614% 567%

Investment H2-Plant: 50 MW = 20 Mio. ϵ; 500 MW = 80 Mio. ϵ
The fuel cellheatingunitsare financedby the Mini-BHKW-Program of the BMU, resp. areinstalledwhenrenovating
without extra cost.  Power for the H2- Plant isobtainedwithout loss and costfrom customers.

1) Thisassumesa free market. Accordingto § 20a GasNEVit`s the other wayround: 
gridoperatorpaysthe investor.



Maximum EEG -Allowance from Bio -H2 for Power < 150 kWel

Costcategory(cited from EEG-Novellierung 2009 in Germany) Ct/ kWh

Basic allowance§27 (1) 1. 11,67*

Technology-Bonus §27 (4) 1, Supplement 1, 2., 3. 2,0

CHP-Bonus §27 (4),3 ,Supplement 3, I, 2., 3. 3,0

NawaRo-Bonus §27, Attachment 2
BasicAllowance,NawaRo: 7 ct/kWh
Country cultivation Bonus: 2 ct/kWh

9,0

Fuel CellBonus (in the newCHP act subjectto numerousrestrictions) 5,11

ʅ 30,78

Without warrantyDegression = 1%/a ab 2010

Note:
-FC heatingunitsshouldundercut100 kW,  so that the EVU can`tturn it off.
-FC-heatingunitsshouldundercut50 kWto securefull financingby the Mini-BHKW-Program of the
BMU

* AssumesplantsҖ мрл kW,  the allowanceis lower by

3,88 ct/kWhfor plantsҗ нл a²Φ From5 MW onwards
CHP is compulsory(exceptionFC?).
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What impact has this on agriculture

and forestry ?

ÁAgricultureandforestrywill be ableto furnish
100%of the country`sdemandof energy.
ïBecauseof the regional structuresinvolvedthey can

participateat all levelsof the valueadded. 
ÅProvision of the biomass

ÅProductionof hydrogen in 50-500 MW plants(Cooperatives?)

ÅDistribution of hydrogen per grid (former NG grid)

ÅContractingFCs at end-customer
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Monopoly or not, that`s the question

If agricultureandforestrymissthe time slot* to
act, they aregoingto be reducedto mere
feedstocksuppliersςastoday!

* As an Orientation: the time slot for retrofitting the energy
economyto masterthe climatechangeisconsideredto be 10- 20 
years.
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How to start with hydrogen?

ÁH2-Porduction from Biomass
ï50 MWth to supply500 bis 15.000 customers
ÅPilot plant ca. 40 Mio. ϵ(without grid)

ÅAfter optimising(2 years) highprofits

ÅWorld wide the first petrol stationofferingcheapsustainable
hydrogen.

ÁH2-Production  from Bio-Gas*
ï500 kWth to supplya selectedvillageca. 50 customers
ÅInvestment ca. 4 Mio. ϵincl. grid andpetrol station(rough

estimation)

ÅPublic advertisingthe concept

ÅNot economical

ÅThe profit lies in the generationof subsequent contracts

* The productionof hydrogen by electroysisischeaperon a small
scale, but would signalthe wrongmessage.
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Applied Technologies

ÁStationaryFuel Cells without Reformer
ÅPreinstallationto Gas furnaceor asnewFC heatingunit, which

neednot bemoreexpensive than gas furnacestoday.

ÅReformer-FCs availabletodayareexpensive asarehigh
temperatureFCs usingNG asfeedstock
ïLimited controllability, reliant on electricgrid

ÁMobile FCs assubstitutefor batteries
ÅMarket volumecurrentlyca.10.000 units/a

ÁFCs in cars
ÅCostof fuel: 0,3 bis 1,2 ϵ/ 100 km (before tax)

ÁFCs in agriculturalmachines
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Fuel Cells in Agricultural Machines 

A Dynamic Market

ÁAgriculturalmachinesaremorequicklydeveloped
ÅProductionison a comparativelysmallscale

ÁAgriculturalmachinesrequirea multitude of drives
Å Electricmotorshavea simple design

ÅModular design supportscostreduction

ÅElectricdrives facilitates automation
ï E.G. smalldriverlessvehiclesfeaturing low soilcompaction

ÁAgriculturalmachinesstick to the region
ÅExport to beginwith in hydrogen regionswith a proprietarysupplystation
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A future-compliantenergy
economymust be ableto
completelyprovidebig towns
with power,heatandfuel.

A greenhydrogen economycanperform this. It
haszeroemission, is cheaperandmore
efficient than the current system.

The presentNG grid offers the required
infrastructure.

Stadtwasserstoff
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Thank you for your 

Attention
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