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\What we are going to learn?

A 1 ‘Fuelene@omparison, fuel and combustion rel
terms.

A 2, Fuels and The EnvircRollatants and pollution
iIndicators.

AR 21t Certury, enerqy/enviromment rdo/sonstio
othe’20 (10)/20/20-energy targets.

A 4 EnergsolutionsomaboveAncierdreece
A 5 World 1EU) energy broifectoser l1ook.
A 6. Alternative biofivkdin advantages and main prc



3. Fuel and combustion related terms

A a compounvhichcanbe transformead
elementariie micedactionsithgenerationa significaatmouratf

energyhydrocarbdngjraziihH,).

A ad compouanda chemicedicalhicloxidizescombusti
compoufmeacombustiomcesspxygeNQ (oxidizésdH), OHOH

A amateriaontainingmbustibEmpounad gasolinenal

A afuelwhiclatagivemmeis usedavidelynagive
combustiostallatidrg, coalgasolinbesdueletc

A afuelwhiclkarbeanalternativeaconventiofnsd
foragivenombustiostallatioeqg, naturagasgthanol

A a fuelwhicltanbereproducegnaturgbrocess
(withiareasonalii@e)



4. EU Energy solutions: The 2020 targ

U Raiste energy 0y2020
U Increagaeshar®ef (bfofuels) upto
0y2020
U Reduce pyat least (comparénl1990evelshy
2020
U Improve oy by 2020.

ElprimargnerggependencEnports’
Sourcelbtalyearbod@10

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
All products 450 461 4501 468 45 46 490 503 526 538 53

Solid fuels A1 w6 48 307 #E 3#1 0 4% 381 /6 412 411
Crude oil w0 772 73 761 T 763 787 801 826 838 827
Naturalgas 452 457 479 489 473 512 52§ 577 603




5 Energy Solutions from Above: Ancient Gr
: =

Cha/ned Promekh@eiser Paul Rul@]a@‘kﬁlZ)



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

6. Energy lessons from Ancient Gi

U EnergyPower

U Energyroblenthos@hdavenergsreGodshos
whalonohavareMortals

L0 P otathepr e olgadsrsayengunishment

L Theenergyroblenanbe solvedy decepticamt
manipulatemg/obyviolence

U Ecolognenergsfficiencychobotheanyboghet



/. Some

exaggerated energy relevant sta

U FossilielsaredepletimgiickigndhavéobeReplacBgMid

Century

U Renewahle

U Renewahle

areproducédoriVastes

arel_esPollutinigarossiuels

U Renewaldes hé&uturiel$orheagngines
U Zeremissiaehicl€zEValel h&/ehiclefthe?I century

U HydrogenerggAtT h®oobtep

U EnergyoblensarbeSolvderombove




8. OIl equivaleatstat

Coal 26.8028.3 0.6490.677
Crude oll 41.942.8 0.9941.022
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) Fori1MJ  0.022
Nuclear energy (GCV, i.e. incl. Hvap) Forl MJ 0.024
Biomass (GCV, i.e. incl. Hvap) ForlMJ 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 %.

) World Energy Balance, Comparison 1973 to 2007

[Coal/peat: 26.5 %]

—
Total Primary Energy Supply

(TPES by fuel shares) sz (TPES by fuel shares)

6.115 Mtoe
12,029 Mtoe

@S A1
—1 973 2 _
e 35% | 21. |
-

iﬂhhlt:l.!".f-
a: - iet Union: T
LRI SRR Total Final _

Non-OECD Europe: 1.5 %) [ =4 L L1 : ope: :

Consumption \l
(TFC by regional shares) 8,286 Mtoe

Lozses of energy during the usage phase not included

mamu({(

Source: www.hydrogenambassadors.com



10. EU 27 production of primary. energy,

(EU Stat Yearbook 2009)

Matural gas Crude oil
20.6% 13.4%
100%
Renewable energy 75%
14.7% 50%
>
Solid fuels 2%
21.9% 0% | |
Nuclear energy M Solar energy
29.4% Geothermal energy
Wind
W Hydropower

B Biomass and waste




11. Energy Imports, % of EU 27 Total (EU Staj

Crude oil
2000 2001 2002 2003 2004 2005 2006 2007
Russia 18.7 227 26.1 28.1 30.0 299 304 30.3
Norway 19.3 179 174 175 173 155 14.3 138
Libya 76 73 6.6 76 FAY) 8.0 8.5 4l
Saudi Arabia 10.8 9.5 9.0 10.1 10.2 9.7 8.2 6.4
Iran 59 5.2 4.4 57 57 56 58 56
Iraq 5.2 3.4 2.7 14 20 20 2.7 3.1
Kazakhstan 1.6 1.5 2.3 26 3.5 4.2 4.3 3.0
Nigeria 3.7 43 3.1 3.8 24 3.0 3.2 25
Algeria 36 3.2 3.0 3.1 3.4 36 2.7 2.2
Others 237 250 254 20.2 125 18.5 200 241
Natural gas
2000 2001 2002 2003 2004 2005 2006 2007
Russia 404 38.5 36.7 372 359 335 318 30.7
Norway 17.7 18.6 209 205 20.3 18.1 18.4 2001
Algeria 19.6 170 17.2 164 14.8 15.3 13.8 12.8
MNigeria 1.5 19 1.8 26 3.0 30 36 39
Libya 03 03 0.2 0.2 0.3 1.4 2.1 25
Egypt 0.0 0.0 0.0 0.0 0.0 14 2.1 1.5
Qatar 0.1 0.2 0.7 0.6 1.2 13 15 1.8
Trinidad and Tobago 03 0.2 0.2 0.0 0.0 0.2 1.1 07
Croatia 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.2
Others 200 233 224 224 244 258 253 259




12. Environment and pollution.

A Ait Maincriteria) CQ SQ NQ particulat@attePM
methan@omethane)latilergancompouOCeply
aren@ydrocarogRa 3 pecifichalocarboisetonetc

A /o - bacteriayirusesand parasitesiriorgan
suspendemanissolvematied rocksandoxiandeay
metalasbestoezganotoxicompoundsustriaiastes

A metalsshemicalsilsandtars,pesticidesadio anc
pioactiveaterialomandfidndlumpirelc

Analystdengineerif@gnvironmer
solutiom®no ¢ rtidgdri aev e o



13.2007 'EU Green house gases (GHG). 2008 rea

11 %ource: EU Stat 2010.

Chemical

P Greenhouse gas GubalWar_rning
ormula Potential (1)
CO, Carbon dioxide 1
CH, Methane 21
NO Mitrous oxide 310
HFCs Hydrofluorocarbons 140 (C_H,F.) to 11 700 (CHF,)
PFCs Perfluorocarbons 5700 (CF,) to 11 900 (C,F)
SF, Sulphur hexaflucoride 23900

Agriculture
Fuel combustion and 9.2% :
. . Industrial processes,
fugitive emissions
29,30 solvents &
' — product use
8.8%
Waste

2.8%



14. Alternative liquid fuels. Bioalcohaols.

renewableanbe producefiiomwast
biomasshemicaty microbiologicatiglfromalgaewhic
utilizeC¢), mayeusedor ethersMTBEto syntheses
motofuel(gasolineconventioaabt/exenginegm diese
enginggmcombinatrrthbiodiesal)directuelcellsGH
reduction

expensiviexengineessenergyntensi
thamasolinexi@anachemicalgactivaxeddP, complet
watesolubleprrosivelenagithgasolirseparatstorag
anddistributionfrastructuneededhtensiiandincludi
arabla)seandigheioogricessontradictidgtabout C
aneémissians
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16. Alternative liquid fuels. Biodiesel.

A renewalsadiodegradatdebeproduc
from differenolls (biomasapcl wastesndalgaeGH(¢
pollutant®ductipgoodiiesefueladditiyeCEDHcanbe
producé@nylyceralpmpetitiveuréechnologies

A sembatch acid/alkaltransesterifica
pollutirnaotefficiengxpensileneliseandawmateria
problenm{gmtensificatiarabléandfoodoricesatc) hygic
scopi@Otimesnorehardiesdliel} storag@iodegrabi
hydrolysigyoblem8xedBP, NQ motoremissionsghe
glycerideserawmateriaisrbiodegradablaicantecs
(le farmproductiproblenontradictin@data
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18. Yields from sources for biodiesel

Chisti,Biotechnol. 2007
Companson of some sources of biodiesel

Crop (il yield Land area Percent of existing
(L/ha) needed (M ha)*  US cropping area®

Com 172 1540 26

Sovbean 446 594 326

Canola 1190 223 122

Jatropha 1892 140 77

Coconut 2689 99 54

Onl palm 5950 45 24

Microalgae®™ 136900 2 1.1

Microalgae© 58,700 4.5 2.5

* For meeting 50% of all transport fuel needs of the United States.
" 70% oil (by wt) in biomass.
= 30% o1l (by wt) in biomass.



19. Fishiaopsch Dies@)RWVell to wheel energy use and pollu

(oBi ofuelsé, Tayl or and
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20. Alternative solid biofuels.

renewablgastéagriculturaidustriadea
Wooeto) biomagmllutemvironmeb®neutradriesschea
toproduceaneplaceoatorlocaheatingnalectricitgarbe
processaatheanacostsnignbedecreasaatproductioi
synthethiemicatkylphenels),

smalscaleatciproductidromscatterechw
materialgithvaryingropertigewenergytensiip.024oe)
Sstoragandtransportatiproblenmslecaygwmassiensit
hygroscopiranesjioxind?M S, ash,etc in combust
catalytioroblenngprocessingossibiliti@suncontrollalne
ofrawmaterialeg, deforestatiavg Atilinotclear



21. Alternative gaseous biofuels. Biogas (bio

A Renewalilél(508 75%9 andoCQ (258
50% arethemaircomponeimishiomassnaerobaeca
gase@noogassewagaslandillgasmingasetc), carbe
producdéebnmfarmanathewasteowproducticostssar
beusedorsynthesemsgtoragandransportatioompo
mighteproducedside@roductibiogas

A CHs 2ltimesnore poweri@H&anco)
biogakagifferenmpuritigslependiogbiomasahdow
energyaluesembatchbiotechnologygh solidresidua
explosit@azarm smakcal@roductioandil// anasewac
gasesontaioncontrollalmuritigarene®CBéjurane
dioxinsto),LCAotlear




