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RAPID CLIMATE CHAHGES AT THE EHD OF THE LAST ICE AGE:

Air temperatures over Greenland varied exadly in line
with the temperature of the Morth Sea.
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Carbon Dioxide - Infrared Absorption

9 & ’

hond bhending

N
Y

Acarbon dioxide

bond stretching

Transmittance [38) Yibrational Spectra
1005 v
30—

G~

40

20

0
4000

Wavenumber [cm-1]

T I P
2000 1o0a i]

holecules and Spectra by CAChe Molecular Madeling

T
3000

Abundant Atmospheric Gases Trace atmosphericgases

(not GHGs)
Greenhouse Gases
.E. (most abundant) H)
Nitrogen, N3 . /l\
0 /C\:. -H{C%"
00 wow  @HC) g
Oxygen, 0; vapor - ) -
Water, H;0 Carbon Dioxide, CO; Methane, CH4

(naturaland emitted)

00

Nitrous Oxide, N,O Ozone, O3

Halocarbons. Unnaturalhuman made GHGs include the most potent
and long lasting of the GHGs, like some of the halocarbons.

(@) —— i - Greenhouse Gases - All Infrared Absorptions
—— - 1
o (T@
(c) ' . . . . .
Water C‘arb.on Nitrous Oxide Methane
Symmetric Stretching No Dipole Dioxide
(o] c (o]
( —H——-‘ \) NOT IR ACTIVE Transmittance [24) Yibrational Spectra
<= i 100 o
80
Bending Dipole . waker
s & - S 60 .N20
s W /|l IR ACTIVE 40 7 methane
‘ e . 20 £ carbon dioxide
o o
Asymmetric Stretching Dipole 0y T T T p Wavenumber (cm-1)
o 4000 3000 2000 1000 0

0 &
- S -
4 \ 4 IR ACTIVE
\ / \
~ - ~

Nitrous Oxide, N5O - Infrared Absorptions

hond stretching
bond bending
Transmittance (%) Yibrational Spectra /

100.
e v
60

40 aN20

201 ‘Wavenumber (cm-1)
0

4000

T T P
2000 1000 0
Molecules and Spectraby CAChe Molecular Modeling

T
3000

Transtittance (%)

hond stretching

Molecules and Spectraby CACha Molecular Modeling

Water - Infrared Absorptions

Yibrational Spectra

bond bending

80

60

40 awater

20 Wavenumber [cin-1)
0 T T T P
4000 3000 2000 1000 0

Molecules and Spectraby CAChe Molecular Modeling



1.0

08 +

M zos

1.0 7

0.3 1

Enerdy sector 10

| On

0.6 +

04 4

0.2+

CO=

oA

Tranzport 10 =+

ZHM

08 +

06 +

fﬁ

04 4

i
| ]
=
g
i .
Ji

0.3 1

i
i
)
i)
k)
=
]
§

Pl

| won

Inciustry

20

DTN #H2

=
5 Angriculture
| and Farestry
=
e
e

e

R vHo

1.0

0.5

0.6

0.4

0.2

0.0

705

METHANE SOURCES

INSECTS

HL & GAS

L COAL MINING

LAMDFILL

OTHER

DOMESTIC
BIOMASS  ANIMALS
BURNING

Howuzeholds
= o
= E -
NS



ESTIMATED AMNUAI AVERAGE GLOBAL
GREENHOUSE EFFECT CAUSED BY
HUMAN ACTION TODAY (WM )
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CO, Capture before Combustion (Pre-combustion
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Saipem Experience on Carbon Capture and Sequestration (CCS)

SAIPEM has substantial know-how and experience in the entire CO,
capture, transportation and storage chain acquired providing engineering
services to Eni and other O&G companies.

Capture:

» Post combustion (CO, washing)

* Pre combustion (Steam
reforming/gasification)

* Oxy-firing (Oxygen combustion)
* Environmental impact studies
Transportation:

* Pipelines design & constfruction.

* Environmental impact studies.

Storage:

* Geomechanical modelling and
monitoring

* Well and reservoir modelling,

* Environmental and wellbore integrity

monitoring
CoalBeds  CO; Storage
* Environmental impact studies Depleted Oil & Gas

Reservolrs

m saipem
Technologies for Carbon Capture in oil refineries Roma, Oct. 18, 2011

COz Storage In
Sadmne Aguifer




CO:z injection

Burning
Fossil
Fuels

Units: Petograms (Pg) = 10~ 15 gC
* Pools: Pg
o Flues: Py/year

© 2007 GLOBE Carben Cycie

Carbon capture & geological storage
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and Land Use Ocean
Change
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More carbon dioxide i

€ argovernmentat Fanel
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n the atmosphere changes reefs over time

(o) 280 parts per
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Ocean storage
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“Royal Society 2008
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Uskl adnenie do vyl erpanlch

Carbon Sequestration Options

Power Station

Terrestrial Sequestration with CO; Capture : —*,,a o
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CO: Storage + Sequestration = $$$

[y
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$348.4-million $1.2-million/year
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$2.8-billion $2.4-million/year
Ontario Greenbelt 318.6 million tc0ze 759,864 tcozelyear

totals $4.5-billion $10.7-million/year
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The carbon that the planet doesn’t sequester remains in Humans
the atmosphere: emit a net

~8 B tonnes

e C (red arrows)
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Pokusy s vyuzitim s|: 'tovoltaickeho kolektora

Prici innsti slunecnich ¢clanku

| | B polovodi€ (Si) typu n
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Sphelar®

Conventional

South-facing
vertical installation

West-facing
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Condlen Schéma slnecnej elektrarne
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VeZova sinecna elektraren je zanadenie, v ktorom sa meni sinecné Ziarenie na elektricku energiu
pomocou parneho cyklu. Ide viasine o tepelnu elektraren, ktora potrebné teplo ziskava priamo zo

sinecneého Ziarenia.

© Simopt 2001
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Wavelength-selective coating

Absorber plate
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& L Vacuum
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. Glass tube
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Znecistena voda
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Verti k8l ne vetern® r ugSacorius pplr&npoavdannel t y p
k o mbi rs&vonius Darrieus

modlfcatlons of Darrieus g : modifications of Savonius
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Komer| ne dostupnl

ty

podtyp sSavonusvVengerVv?2

Type :

Swept Area :
Rotor Dimensions :
Overall Height :
Weight :

Rotor Material :
Coatings :

Start up Speed:

Cut-in Speed :

Survival Wind Speed :

Helical Savonius VAWT

6.20 square meters

1.28m wide x 4.84m tall

5.7 meters

665kg

5052-H32 Aircraft Aluminum
Anodized and Powder Coated
1.5m/s - 5.4 km/h

4m/s - 14.4km/h

40m/s - 55m/s

P

verti k8l nej

V €
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Geoterm8l na energi a

Ge ot er em8rgiané je v pravom slovazmysleo b n o v i tzeérdpmiemergie, n a k o@&pot v vl o r Y4c o
jadre Zeme,zk t o r WRBrhiakp® cezv ul k a puklioyw® or ni.n 8 c h

Teplota Zeme i

Obal
Vonk. jadro GEOTERMALNY o6
\PRAMEN& -

Vnut. jadro Szaniay VRT

 POPRASKANA
SKALA

ZDROJ 12' Bl ?,
TEPLA -

VzhOarmhoimr o ytakk@®nevy | er g &t edigéergie, v g @K uvredzitieto zdrojez ar a No v a
Teplota jadra sa odhaduje na viac ako 4000 st. Celziaavd e s a Sk i | amstetz e ons & {dduok t oje §
dost lspal & ¢ Ré jgechmike, san a ¢ h 8ddsratk energie na pokrytie n a gspgtreby na obdobie

ni ek o OkoRoe Teplo postupuje zog e r a w@hmes k f@draosmerom k povrchu. Te p | o8 m Bas t

pohybuje od 20 do 40 st. Celzianav e r t i kkofhéter § miestnymi maximami (g e ot e r pnfnerne)eV h Ob k €
zhruba 2500 metrov sal a snt ac h 8vdda & e pal g800 st. Celzia



Ve Omi |

asto sa vgak geoterm8lna eanergigi a vyug?
Prv® pokusy s virobou elektriny zal abvgv Tal i
el ektr8reR bola dang§8§ do prev8dzky v roku 1913
v Wairakai na Novom Z®l ande (1958), v Pathe M

v USA (1960).

Od roku 198(«
narasts§ ingt
el ektvl kckn
v geoter m§l
el ektr 8r Rac i
v roku 2000 dosiahol o
7974 MW z toho

v USA je

i ngtal ovanl
2228

Geysers,USA. MW.



Ceny energieztohto zdr oj a s¥ v gakniw sz Siwicshl gsotdimi rean k a c h
rozdielne. V niektorlcht alktgo -zmbsekkatrvig ak “n &klea d)
sY% porovs an 80OIn®ehengiu 1 af o s Plamywh Cena geoter m§l n
Vyrobenej elektriny sa pohybuje od 0,02 USD/ k\
Geysers) po 0,06 USD/ kWh pre pBnergiga e zari adeni
geot er mgdrojoy sahpohybuje ve g§er groonz pA&aRoOBoNe Z8Vi S 2

len na charakteristi ke zdpojtancaldé ngichnadbes abd m
bl 2zkomchkianlaz . geot er m8l nej el ektr8rne je na na

Binary Cycla Power Plant

- N Garsarabor _'_?__.,-ﬂ‘.:‘/

Iso-Butane (vapor)




Biomasa v podobe r a s felchemicky z a k o n z e rsvl onveameiga. Jeto s %| agdeeznaj uni ver armgajnreg 1§ czdmjave | ¢
energie na Zemi. Okrem toho, § eposkytuje v T § ipvouu,gSaako st a v erbart Te rviy § 18h anej papier, lieky alebo ¢ h e mi KeStl ii eeg
v 1 b o r palivam. Biomasasaakop a | i xmjwly u gotl ebjaveniao h R a

Jejv 1 h o ¢eojuep o n Yrielenv e Ok Wiz n o rwdtows B U rc daletany, n i v e rvzy &1lgu energetike. Je
ju mo g nv® u qieléh na v 1 r otépla ale aj na v 1 r o elektriny v mo d e r nsipcahO o v zaradenidch
Kv ap alph ® rfonm® biomasy (etanol, metanol, drevoplyn, bioplyn) jet i g g p® u gapShonmot or ov
vozidiel. Dnes sa v g alkaspovagzapneé zkwal palivo @ v mn o h Tkerha j i sa & heobjavuje v
ener getgitcakTicsh i k § ¢ h

polnohospodarstvo lesnictvo domace a priemyselngé
odpady
8 ; cukomate a Ekrobove = Bi vIhka biomasa g
elejnate plodiny plodiny el S s zar
[g:ha ol abilniny, cuknoua repa, spracovania, rpchio arganicky ooped
snednica cirak rastice drevimy, ravy,
drevny odpad
BIDMASA — ZAKLADNE UDAJE
o Celkova hmota biomasy na 2emi (wratane vikost) - 2000 milisrd ton " " L4 .
s Hmathast rastlin na sué? - 1800 rr?i.li‘éurd ton estenflcacia rm:; pyrolyza ephvfiovania spalovanie 1;';2’&;‘1 technoltgia
o Hmomost' lesov na Zemi —1600 miliard ton
s Hmotnost biomasy na jedného obyvatel'a Zeme - 400 ton
» Energia uskladnena v biomase na 0Si 25 000 E
s Cisty racny prirastok hmotmasti biomasy na s08i - 400 milidrd ton
s Rodny prirastok energie uskladnene] v biomase na s0&i - 3000 E)frok (95 TW) ok palivh ¥ doprave T teplo s VyLEitie
o Celkova spotreba véetkych foriem energie na Zemi za rak - 400 EJfrok (12 TW) {alanasl, FAME, DME, &td.)
s Spofreba energie biomasy - 55 EXfrok 1,7 T kogeneraca
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BIOMASA

v podobe rastl22n je chemicky zakonzer\
najuniverz8l nejg?2ch a najrozg2renej g?2c
tuje vIigivu, poug2va sa ako stavebnl
emi k8§lie, je tieg vibornim palivom. Bi
a ohRa. Jej vihodou je, ¢ge pon¥%ka niel
ale aj wuniverz8l ne vyugitie v energet
e &j ekd rvinyolwu modernich spaOovac2ch z
ormy biomasy (etanol, met anol, drevopl
torovich vozidiel. Dnes sa vgak | asto
kraji n8ch sa ani neobjavuje v energet.

BIDMASA — ZAKLADNE UDAJE
o Celkova hmota biomasy na Zemi (wratane vlhkaosti) - 2000 miliard ton
o Hmotost' rastlin na s0gi — 1800 miliard ton
o Hmomost' lesov na Zemi —1600 miliard ton
»  Hmotnost biomasy na jedneho obyvatel'a Zeme - 400 ton
»  Energia uskladnena v biomase na s05i 23 000 E]
o Cisty rofny prirastok hmaotmosti biomasy na s0& - 400 milidrd ton
s Rocny prirastok energie uskladnenej v biomase na s0si - 3000 EJfrok (95 TWW)
s Celkova spotreba veetkych foriem energie na Zemi za rok - 400 E)frok (12 TW)
s Spofreba energie biomasy - 55 E)/rok { 1,7 TW)




CHEMICKE NIE BIOMASY

Hoci ¢ h e mi zcl ko®y kiomiasy samedzij ednotd a s/t Imidnhmi mi

| 2 \ggriemere rastliny o b s a hasiP5% | i g mZ5%uu h Oo v oaebk o v
cukrov ( g k r Ut ®o v o dz2l koopvk& o0 s 2 r8rvaah Tncoh e duktdv
spojendbchl hTceSazpolvy m@®PwevvIi znanmnl® §gky
uhOov os %keo vu b hemac e | u.lP-rz2arwydwgd via®& | y m®r vy
cel ulna gtavbu vI §kkeond®varja/st | pmt8mehenwn.os S
Li g n 2znloovpg8k a @Ko fepidlo, k t odrr@&pdluc el ul v Iz ®k ®a

CH,OH__-O, HO
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VYROBA [ - Z BIOMASY

ZhOadimeh adlyr oeheygie z biomasy sa dnes v praxi pr esadzuj Y%
nas!| e pooesy®

+ Priame spalovarie.

s JEXMIOCHICITUECKE 5pracevanie bicin:sy s CRion z/vsi’ yalji
biopalivé. 5em pélri napi: Jyrolyza 3 Spivraval €.

s Bolceické prrocesy ako st anevebris Anile aleHo ferraer:tecis,
ktorée vedil k praeaukei plynnych a ivapalaych biopaliv.

Bezpr os tproeuktomh mT c Ipoaesov je teplo vy u ¢ 2 v mins@

vir aeboviejbl 2 z. Kepls $saivy u gi? wigriamo nap r 2 p tepley u

vody alebo na v 1 r opary s n § s | e cpohbnom elektro-g e ner &t or a
v 1 r oleekiriny. | nT mioduktmi s Ynapr. dreven ®uhlie, k vapal n®

bi op @adpohogmot o r ovezidiel A energoplyn.



suché stebloviny

poliné dreviny

Schéma elektrarne na biomasu

.........

°
© 000060000

°

e © © © © © © ©

Elektrarne na biomasu maju vel'mi rozmanité alternativy. Podla toho, ¢im je elektricky generator
pohanany, pozname koncepcie:
* parna turbina s parnym kotlom na tuhé, tekuté alebo plynné biopalivo
« spalovacia turbina na bioplyn, drevoplyn a na tekuté biopalivo 3
« piestovy plynovy motor na bioplyn *
« elektrochemicky palivovy ¢lanok zasobovany bioplynom

(C) 2003 TopSoft BSB s.r.o.

GENERATOR

VYMENNIK
VODA - VODA




PYROLAhZA

Pyr oje] 2da n o dupravidpodobnen aj s pt §aplr avy ,
biomasy na palivo v y § d&waljty - tzv. dreven Ruhlie. Py r o | T z a el
spol|l ¥wa hr i dwvmasy?(kt oje8l asrtrozdr wens§
dod§8v aon geaktora) v nepr 2t omduchs.t Hl avnl m
energiupr oduk pijoédésomjma ut oox.i d8ci a

Pyr ol dredstavuje r o0z gt i éipneagyi rmochemickou

cestou. Pri t epl ob & & Ia k3g0s5B0AC je domi nuj Yci
procesom krakovanie. Pri tomto procese v z ni kkavja’p al n ® &
uhOov,ozdl2okdgk wr i m8 rresp.ls@ k u n d §decht.h o
Decht obsahujevr * z nlya@rmc e nt asg3601z8 c/h . ®echtn :
vnagozar i acdidelnjgme kondenza&dé oui Iv8ci o 4
chl agil ivoymu §i veplonk t oo ®v § d pme j oav 1 m
v odndkmhomvT men.n?2ka

Pivygg8ebpb!| ofsa&d8d ami na ngroedsam vznik
vod2lmv 1 Sa (rasiie Steplotou a n a d o b Mekismum

pri 6504C.

Pri teplote bl 2 z9@G pr estwmivkaks®k o Qlyny k

ah | av prbdoktom sas t §tvwahulh | I tkgje ho g wi®dne
previdoefamy akt 2 vuhlmlad t i vddou @a@Q,. Uhl 2 k
vyr obwmd g oznar i andSnnan o r o z nclearakter, Tje

amor fpnol,o v,osdmembu v § h @3 gicm® a akt 2vnym
povrchom okolo 1800 m?/g.



Py r olol dzpaa d nptastih

Jet er moc hdms t kpbchod,pik t e rviRemtepla,pr i v e d2wnmdjdygg k u

hermeticky u z a v r eprosidnugov y p | n guali®m,ad o ¢ hke g ¢ e puehnl 20 v a palv au

jejichf or mona§ w7 | plynwy® e s t iptoduktynaz k ar b o reloyiela Rrécespr o b 2 h §
obvyklevizv.py r o | peciinabkt®tkgo k s okeraome2N e j v I h ojesmergvat proces k
produkcik a p al masp.¢ w h ipalih R2 z @1y § o polyaefinu poskytuje n 2 zvkI @ eplykuy

a v glaek 2 s techrticky a ekologickyv T b ov yie ¢ i galevd vip@dobep ar af i ni ck oo |
vosku. Vy r o bpmm8v v s ekile r g eobsahcpkrio tjehgel av a b mg lea mida k
metan. S u m § pradékce plynu je schopnaplne p o k celoti tepelnou potrebupy r ol yzn?2 hao
procesu. Ener g evicii cnkjg8ass 3 %. Hl aao 2 | moddktp y r o | ymwaeesuhtou h 1

vosk- m8i d e predpdkladyprop o u gtaz @ mkdehemo gnoe g it gi8t Kk ov teplan 2 ¢
a plynovodu. "P a | i woskvjé dobret r ans p or {bodx a8tde?600d), vi bos mal ivt e |
upr av ehrolr c8hna2t cohp ole@, vysocev I hr ejemdt o xaineleix pl.Nedofand guj
gi voptr o3 ton =kdl2a d anvt8rna2n s p a Prinoovr Sm&plate? rychle tuhne a pri

h av § rjej I2esriadnoodstranit. Py r obt padplastamabmad nept n®hoacov §
nevhodm®hpddstu, u r ¢ e rk®lbyalaci. Vy u @groduRu p y r o pobkytyje ekologicky
vgestgahnleézpecdcdmlobek



V1 r cblorafty p o z o szliovaaia repky, filtrovania
ans8s| e deenihaeja(e st er i) haimetglestera
(MERO- bionafta) a glycerol. Glycerolakov e d Oaj g 2
produkt je v h o dprelh e mi @riemyselav T | is sk y
cennou krmovinovou zmesou. MEROje ekologicky| i st ®
palivoavp or o vanafto® pris p a O ovykazujé 3

a fo-k r Bt @igdhu h Oovow¥ kdukovTi ch
plynoch. M8z n 2 gdeynrivi yplyey® b s a hmenej¥

t uhll alsdi2cimcenb ez pell&ntiPaklu gi t i e
MEROsivy g a o \§jaa | %% r anotara, pr i |Is@ m

z n Jefoiv 1 k aj spotreba paliva asi o 5 %.



