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Alternative Fuels in the 21st Century

What we are going to learn?

Á1. Fuel energy:  Comparison, fuel and combustion related 

terms.

Á2. Fuels and The Environment:  Pollutants and pollution 

indicators.

Á3. 21st Century energy/environment problems:EU  solutions 

ðthe 20 (10)/20/20 energy targets.

Á4.Energysolutionsfromabove: AncientGreece.

Á5.World (EU) energy problems:  A closer look. 

Á6. Alternative biofuels: Main advantages and main problems.



3. Fuel and combustion related terms.

ÁCombustiblecompound: a compoundwhichcanbe transformedin

elementarychemicalreactionswithgenerationofa significantamountof

energy- hydrocarbons,hydrazin(N2H4).

ÁOxidant: acompoundor a chemicalradical,whichoxidizesa combustible

compound(inacombustionprocess)- oxygen,N2O4(oxidizesN2H4),OH,O,H.

ÁFuel:amaterial,containingcombustiblecompounds,e.g.gasoline,coal.

ÁConventionalfuel: afuel,whichatagiventime,isusedwidelyinagiven

combustioninstallationðe.g.,coal,gasoline,dieselfuel,etc.

ÁAlternativefuel: afuel,whichcanbeanalternativetoaconventionalfuel

foragivencombustioninstallationðe.g.,naturalgas,ethanol.

ÁRenewablefuel: a fuel,whichcanbereproducedbynaturalprocesses

(withinareasonabletime).



4. EU Energy solutions: The 2020 targets.
üRaisetheshareofrenewableenergyto20%by2020;

üIncreasetheshareofrenewables(biofuels)in transportationfuelsupto

10%by2020.

üReduceGHGemissionsbyat least20 % (comparedto 1990levels)by

2020;

üImprove energy efficiency by 20%by 2020.

EUprimaryenergydependenceonimports,%ofnetimports,basedontoe.
Source:EUStatYearbook2010



5. Energy Solutions from Above: Ancient Greece

Chained Prometheus, by Peter Paul Rubens, (1611-1612).

http://en.wikipedia.org/wiki/Peter_Paul_Rubens


6. Energy lessons from Ancient Greece

üEnergy=Power.

üEnergyproblem: ThosewhohaveenergyareGods,those

whodonothaveareMortals.

üòPowertothepeopleóleadstoseverepunishment.

üTheenergyproblemcanbe solvedby deceptionand

manipulation,and/orbyviolence.

üEcologyandenergyefficiencydidnotbotheranybodyyet.



7. Some exaggerated energy relevant statements

üFossilfuelsaredepletingquicklyandhavetobeReplacedByMid-

Century.

üRenewablefuelsareproducedFromWastes.

üRenewablefuelsareLessPollutingthanfossilfuels.

üRenewablesareTheFuturefuelsforheatengines.

üZeroemissionvehicles(ZEVs)areTheVehiclesofthe21stcentury.

üHydrogenenergyisAtTheDoorStep.

üEnergyproblemscanbeSolvedFromAbove.



8. Oil equivalent, EU Stat

Fuel (NCV, i.e. excl. HVap) MJ/kg OE/kg

Oil equivalent (OE) 41.8 1.000

Coal 26.8 ð28.3 0.641 ð0.677

Crude oil 41.6 ð42.8 0.994 ð1.022

Gasoline 44.0 1.053

- bioethanol 37.0 0.885

Diesel fuel 42.3 1.012

- biodiesel 37.0 0.885

LPG 46.0 1.099

Natural gas (GCV, i.e. incl. Hvap) For 1 MJ 0.022

Nuclear energy (GCV, i.e. incl.  Hvap) For 1 MJ 0.024

Biomass (GCV, i.e. incl.  Hvap) For 1 MJ 0.024

Electrical energy (GCV, i.e. incl.  Hvap) 3.6 0.086



9. World energy balance
OECD: 18 % population, 45.5 % of energy; China 7.9 - 15.2 %.

Source: www.hydrogenambassadors.com



10. EU 27 production of primary energy, 2006 
(EU Stat Yearbook 2009)



11. Energy Imports, % of EU 27 Total (EU Stat Yearbook 2010)



12. Environment and pollution.

ÁAir: Main(criteria)- COx, SOx, NOx, particulatematter(PM),

methane,(non-methane)volatileorganiccompounds(VOCs),poly-

arenehydrocarbons(PAH).Specificðhalocarbons,acetone,etc.

ÁWater: bio - bacteria,virusesand parasites; inorganic
suspendedanddissolvedmatterðrock,sand,toxicandheavy

metals,asbestoes;organicðtoxiccompounds,industrialwastes.

ÁSoil: metals,chemicals,oilsandtars,pesticides,radio- and

bioactivematerialsfromlandfillanddumping,etc.

LifeCycleAnalysis(LCA): Analysisofengineering(environmental)

solutionsfromòcradletillgraveó



13. 2007 EU Green house gases (GHG). 2008 reduction from 1990 was 

11 %. Source: EU Stat 2010.



14. Alternative liquid fuels. Bioalcohols.

ÁMainadvantages: renewable; canbe producedfromwaste

biomasschemicallyor microbiologically(incl. fromalgae,which

utilizeCO2); maybeusedfor ethers(MTBE,etc.) syntheses,as

motorfuel(gasoline)inconventionalandflexi-engines; indiesel

engines(incombinationwithbiodiesel),indirectfuelcells; GHG

reduction.

ÁMainproblems: expensiveflexi-engines,lessenergyintensive

thangasoline,toxicandchemicallyreactive,fixedB.P., completely

watersoluble,corrosive,blendswithgasolineseparate,storage

anddistributioninfrastructureneeded,intensiveland(including

arable)useandhigherfoodprices,contradictingdataaboutLCA

andemissions.



15. Comparison of total fuel cycle emissions of pollutants from bioalcohols  
(òBiofuelsó, Taylor and Francis, 2008).



16. Alternative liquid fuels. Biodiesel.

ÁMainadvantages: renewableandbiodegradable;canbeproduced

fromdifferentoils (biomass),incl. wastesandalgae; GHG,

pollutantsreduction; gooddieselfueladditive; CH3OHcanbe

producedfromglycerol,competitivefuturetechnologies.

ÁMain problems: semi-batchacid/alkalitransesterification

pollutingandnotefficient; expensive; land-useandrawmaterials

problems(intensification,arableland,foodprices,etc); hygro-

scopic(40timesmorethandieselfuel)- storage(biodegrability,

hydrolysis)problems,fixedB.P., NOx motoremissionshigher;

glyceridesarerawmaterialsforbiodegradablelubricants,local

(i.e.farm)productionproblems;contradictingLCAdata.



17. US Biodiesel raw materials use, 2007 
(òBiofuelsó, Taylor and Francis, 2008).



18. Yields from sources for biodiesel
Chisti Y.,Biotechnol Adv.,2007



19. Fisher-Tropsch Diesel (FT-D): Well to wheel energy use and pollutants 
(òBiofuelsó, Taylor and Francis, 2008)



20. Alternative solid biofuels.

Mainadvantages: renewable; waste(agricultural,industrial,dead

wood,etc.) biomasspollutesenvironment;CO2 neutralorless,cheap

toproduce,canreplacecoalforlocalheatingandelectricity,canbe

processedfurtherandcostsmightbedecreasedwithproductionof

syntheticchemicals(alkylphenols,etc.).

Mainproblems: smallscalebatchproductionfromscatteredraw

materialswithvaryingproperties; lowenergyintensity(0.024toe),

storageandtransportationproblems(decays,lowmassdensity,

hygroscopic); furanes,dioxins,PM,S, ash,etc. in combustion;

catalyticproblemsinprocessing),possibilitiesforuncontrollableuse

ofrawmaterials(e.g.,deforestation),LCAstillnotclear.



21. Alternative gaseous biofuels. Biogas (biomethane).

ÁMainadvantages: Renewable; CH4 (50ð75%) and%CO2(25ð

50 %) arethemaincomponentsof biomassanaerobicdecay

gases(moorgas,sewagegas,landfillgas,minegas,etc.); canbe

producedfromfarmandotherwastes; lowproductioncosts,can

beusedforsyntheses; easystorageandtransportation; compost

mightbeproducedassideproductofbiogas.

ÁMainproblems: CH4 is 21timesmorepowerfulGHGthanCO2;

biogashasdifferentimpurities(dependingonbiomass)andlow

energyvalue,semi-batchbiotechnologywithsolidresiduals,

explosionhazardinsmallscaleproduction; land-fill andsewage
gasescontainuncontrollableimpurities(arenes,PCBs,furanes,

dioxins,etc.),LCAnotclear.


