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Á1. EU Energy: Status, targets, problems.

Á2. World fossil energy: Consumption, reserves, when will it 
deplete?.

Á3. Fossil alternative fuels: Main advantages and main 
problems.

Á4. Energy lessons in the 21st Century. Do we know better?

Á5. Optimistic energy scenarios. If everything goes as 
planned?

Á6. Pessimistic energy scenarios. If something goes wrong?

Fossil Fuels in the 21st Century. 

What we are going to learn?



3. Fossil Fuels Are Depleting ?

Reserves/production ratios in 2009, years, BP Reviewõ10



10. Fossil Fuels Are Depleting ?
Crude Oil Reserves/production ratios in 2009, years, BP Reviewõ10

ÁProvedreservesof oil: Quantitiesthatgeologicalandengineeringinformation
indicateswithreasonablecertaintycanberecoveredin thefuturefromknown
reservoirsunderexistingeconomicandoperatingconditions.



4. Alternative liquid fossil fuels.

ÁMainadvantages: manyyearsof experience; LCAvalidated

technologiesforproductionanduse; installa-tions,vehicles,etc.

designedforthem;existingfuelstorageandsupplyinfrastructure,

crudeoilisamajorresourceforsynthesisoforganicmaterials

andlubri-cantsproduction; energyintensive; futuremolecular

levelprocessingtechnologiesfromdifferentfeedstocks,incl.

renewable,H2 availability,andfutureenginesmakethemvery

competitive.

ÁMainproblems:notrenewable,max40%ofreservesextractable

atpresent; pollutionfromproduction,processing,transportation,

marketinganduseofcrudeoilanditsproducts; carbonintensive;

highenergyconsumption(5ð8%oilequiv.) forprocessing.



5. Alternative solid fossil fuels. Coal.

ÁMainadvantages: hugereserves,cheap,manyyearsof

experience; LCAvalidatedtechnologiesforproductionanduse; a

majorresourceforsynthesisoforganicchemicals; canbeused

forproductionofliquidfuelsifH2 isavailable.

ÁMainproblems: notrenewable,manyreservesnotextractableat

present; coals(i.e., anthracite,lignites,etc.) aredifferentand

requiredifferenttechnologies; on averagecoalis the most

pollutingandCO2 intensivesolidfuel; storageandtransportation

problems(lowmassdensity,hygroscopic,oxidative),expensive

processing,incl. by òcleancoalótechnologies; leastenergy

intensiveoffossilfuels.



6. Alternative gaseous fossil fuels. CNG and LPG.

ÁMainadvantages:hugereservesofCNG; leastandpolluting,most

energyintensiveandleastCO2 intensivehydrocarbonfuels; LCA

validated;bestforpro-ductionofH2,ògastoliquids(GTL)ó,CH3OH,

etc.;canbeusedinvehicles,incl.hybridandfuelcell;CNGisused

alsoforelectricityandheatproduction; replacementofcoalwith

NGleadtogreatestCO2 reduction; lowstorageandtransportation

problems.

ÁMainproblems: notrenewable; NGis mostlyCH4; hygroscopic

(formshydrates),onlyCNGfitsintovehicles; lowcetanenumber,

LPGisaC3ðC4hydrocarbonmixture,producedbyrefinerieswith

all consequences.



7. Alternative fossil fuels. Nuclear fuel.

ÁMainadvantages:highenergyintensityandconversionefficiency;

low radioactiveemissionsin electricityproduction; present
235U/239Putechnologylimitedbyreservesandweapons;Newfuels

(238U/239Puand232Th/233U,etc.) andGenerationIV reactors

promiseincreasein fuelreserves,energyefficiency,reliability,

easydegradablewastesandabundanceofadditionalenergyforH2

productionfromH2O.

ÁMainproblems: uraniumminingtechnology(storage,trans-

portation,etc.) is polluting; nuclearwastesandclosedreactors

remainactivefor a longtime; accidentsaredisastrous; new

technologiesarenotexpectedearlierthanafter20years,their

LCAisnotclear.



8. Alternative fuel. Hydrogen.

ÁMainadvantages: canbeproducedfromfossilor re0-newable

sources,evenfromH2O; burnswithoutemis-sions(somethermal

NOx, withair); highestenergyin-tensity; òbackboneóof fuelcell

technologyforelect-ricityatdifferentscales,incl. vehicles; CNG

reduction.

ÁMainproblems: lowenergydensity,storageandgasification

problemsinvehicles; 96%presentlyproducedbygasificationof

fossilfuelswithemissions,etc. problems; expensive; corrosiveto

metals; storageandsupplyinfrastructurehastobecreated; LCA

notclear;directsplitofCH4andH2Otechnologiesbysolarand/or

nuclearenergyfaraway;fuelcellapplicationsstillveryexpensive.



9. Energy lessons in the 21st century.

üòGodsóhaveexclusiveaccessto energyresourcesand/orthe

besttechnologytouseandsavethem. New(renewableenergy)

òGodsóarecoming.AllòGodsóaremortalsandliveonTheEarth.

üEnvironmentaldecisionsinthe21st centuryshouldbeevaluatedby

impartialLCAòfromcradletillgraveó.

üEnergyproblemsshouldnot be solvedby violence,but by

concertedcommoneffortsofallto useandsaveallresources

(energyandother),andpreserveenvironment.

üòPowertothePeopleó=òImpartialknowledge,transparencyand

diversifiedchoicesforthePeopleó



10. Optimistic energy scenarios. Energy efficiency.

N.B. Energy losses in 2007 were 31.1 %, so:

ÁRenewableenergysystems.

ÁCO2 captureanduse.

ÁSavingineverydaylife: fromòshareashoweró,acarandpublictransport

toòAAAóclasscookers,fridges,etc.

ÁSavingin fuelsproduction: molecularrefineries,biorefineriesandco-

processing,optimizedandmanagedbyinformationtechnologies.

ÁSavinginindustry: tribology(friction,wearandlubrication).

ÁSavingin transportation: hybridvehicles,batteryelectricvehicles; fuel

cellvehicles,aerodynamics,etc. losses.

ÁSavingin powerproduction: newnucleartechnologies; cheapH2; lower

power(electricity,heat,water,etc.) trans-missionlosses.



11. Optimistic energy scenarios. CO2 capture and use.

ÁCapture: bychemicalreaction(e.g. withethanolamines)and/or

membraneseparation.

ÁStorage: indepletedminesand/orintheocean.

ÁUse: for drinks(releasedback); as supercriticalfluid; for

increasingcrudeoilyieldwith10ð15%or replacingcoal-bed

methane,insynthesesreactions,etc.

ÁMainproblems: LCA(environmentalCO2 balance)not clear;

suddenreleasefromstorageand/orproductionfacilitiesinair

willbedisastrous;priceofcapture,storage,etc.notclear.



13. Optimistic energy scenarios. Hydrogen.

ÁA. Gasification (chemical and/or bio)

üof Natural gas: CH4 + 2 H2O Ÿ 4 H2  + CO2
üof Crude oil residues, biomass (nCH2 groups): 

>CH2 + 2 H2O Ÿ 3 H2  + CO2
üof Coal (also some CH2 groups): C + 2 H2O Ÿ 2 H2  + CO2

B. New chemical technologies

ü(solar, nucl., bio) water split: ZnO Ÿ Zn + H2O Ÿ ZnO + H2

ü(solar, nucl., bio) CH4 split: CH4 + energy ŸC + 2 H2 

üPhotocatalytic reduction of CO2 in carbon nanotubes: 

ÁCO2 + H2ŸCH4, hydrocarbons, CH3OH, acids, etc.



14. Optimistic energy scenarios. Hydrogen.

ÁA Simplified view of H2Economy



16. Optimistic: US New H2 Vehicles (2004 view)



17. Optimistic energy scenarios. A Molecular refinery.

Exxonõs view, CEP, 2000.



18. Optimistic energy scenarios. A biorefinery.

IEA Task 42, 2009.


