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Abstract

Carbon dioxide and methane respectively play aifsignt role as the main
contributors of the greenhouse gases; and theactefin climate has recently received
much attention. Therefore, effective utilization oérbon dioxide and methane and
conversion of them to high—value products is onéhefimportant topics to be developed
nowadays. On the other hand, it is not easy to exrnese stable molecules to other
useful chemicals at mild reaction conditions.

In the present study, we were studied the conuersfocarbon dioxide and methane
together to produce useful chemicals at low tentpezawith a photocatalytic reaction
system using nano TiOparticles coated on stainless steel mesh. Theriexpats were
done under UV irradiation in an appropriate gassphbatch reactor. GC and GC-MS
analysis was used for measuring the concentratiocomponents and identification
produced compounds during reaction. In the preserk, the influence of six parameters;
mesh size of stainless steel mesh, Jn@sh dosage, calcination temperature, reactor
initial pressure, C@CHg:He ratios in the feed and UV light intensity, dw tefficiency of
the process was investigated. One variable at a tmethod was applied to design of
experiments. On analysis of the results from theedmental studies, optimum
experimental conditions were found. Under the optmexperimental conditions, the
conversion was 27.9% for GGand 33.4% for Cll with the selectivity of toluene of
66.92%. A high-efficient photoreactor is the firstep toward a commercial-scale
application to produce chemicals.



Table of content

Chapter 1: Greenhouse Effect and Global Warming

1.1. Introduction

1.2. Greenhouse effect
1.2.1. Advantages of greenhouse effect

1.2.2. Mechanism of greenhouse effect ................cooi i e e, 3
1.2.3. Factors affecting the greenhouse effeCt w....ccooovviiii s 4
1.3. Contributors to greenhouse effect ............ccoiiiiiiiiiiei e 5
1.3.1. The properties of greenhouse gases amdstburces ................... 6
1.3.1.1. Carbon dioxide (GID.......ouviriieieie e e e e e 6
1.3.1.2. Methane (CHH......oooii i e e 7
1.3.1.3. Water VapOUT .......oevieiiii i ee e e e eieinee e eneaneeaen
1.3. 1.4, OZ0NC (B . ettt e 8
1.3.1.5. Nitrous oXides (N.O) ....cooiiiiiii e e 8
1.3.1.6. Chloro-Flouro-Carbons (CFCS) ......ccoviiiii i icmeee e 8
1.3.1.7. Carbon monoxide and other reactivegas...................... 9
1.4. Enhanced greenhouse effect ............ccooiiiii i 9
1.4.1. Discovering long-term trends in atmoshgases...................... 11
1.5. Global WarmMing ........ccoooiiiiiiiees et e e e e e e e e e e e e e e e eeeeeeseennnneeesenne 12
1.5.1. Impacts of global warming ..............cccooiiiiiiiiine . 13
1.5.1.1. Changeinclimate ..........ccoeeviiiiiiiii i e eeennn 13
1.5.1.2. Melting of earth's iCe COVEr ........c.ccoiiiiiiiiiiim e, 14
1.5.1.3. Rising sea levels . T .16
1.5.1.4. Rise in public health problems .16
1.5.1.5. Adverse effect on natural ecosystems ................. 17
1.5.1.6. Major impact on flora and fauna .............cccee i, 17
1.5.1.7. Change in global wind and rainfaltt@ats .......................... 18
1.5.1.8. Frequent warm spells heat waves ............coammeverenenn.. 20
1.5.1.9. Cooling of stratosphere ..........cooov i e 20
1.5.1.10. Major changes in water distributiod anpact
ON WALET FTESOUITES .. ocmeetetie ettt ieeee et e eeeanieenanens 20
1.5.1.11. Food insecurity .. - .20
1.5.1.12. Socio-economic |mpacts of global wWagn.........ccceeveenee. 20
1.6. Challenges to global warming ...............coo oo e, 20
1.6.1. KyOto ProtOCOl .....vveie e e e e e e e e e e e 20
1.6.1.1. Commitments of the Kyoto protocol .......ccccuvenvennn.nnn... 20
1.6.1.2. Mechanism to meet commitments .................. cowwmn . 21
1.6.2. Producing "cleaner" energy ..........oooovviiiiiiiiiieninnnnn. 22
1.6.2. 1. HYAIrO POWEK ...oneiit it e e e e e e e e e e 22
1.6.2.2. WINA POWET ..ot e et e et 22
1.6.2.3. SOlAr POWET ...ttt e e e e e 23
1.6.2.4. NUCIEAr POWEN ....cviieieie it ie e e e eeneen 0 23



Chapter 2: Introduction to Photocatalysts and Photoatalytic Reaction ........... 24

P22 I [ 11 0T ¥ Tod 1 [0 o P PP 25
2.2. Mechanism of photocatalytic reaction .............cccccvceviii i ieiinnnns 25
2.3. Semiconductor photocatalysts ............ccooiiiiiiiiiiiii e, 26
2.4. Advantages of photocatalysis ..........ccoooeiii i 28

Chapter 3: Literature Review on Greenhouse Gases Kaction through Catalytic
and Photocatalytic TeChNIQUEeS ..........coviiviiiiiiiiiiicie i e e nenienenn. 30

1 0 I [ 011 0T ¥ X1 ] o TP 31
3.2. Conversion of CHo more useful chemicals ................ccceivviiin 31
3.2.1. Photocatalytic conversion of methane éhanol ....................... 31
3.2.2. Production of higher hydrocarbons fromtiethane .................... 32
3.2.2.1. Photocatalytic nonoxidative coupliignethane .................. 32
3.2.2.2. Steam reforming of methane and paskalation of methane .. 33
3.2.2.3. Oxidative coupling of methane (OCM) ...................... 34
3.3. Capturing and conversion of €0 more useful chemicals ................... 34
3.3.1. Photosynthesis .. P S X< |
3.3.2. Photocatalytic conversion of QQ ... 35
3.3.2.1. Mechanism of photocatalytlc reductublﬁloz over T|Q ....... 37
3.3.2.1.1. Effect of wavelength, band gap lagitt intensity ........ 38
3.3.2.1.2. Effect of pressure .........cooooi i e 39
3.3.2.1.3. Effect of temperature ............ccooeiiiiiiiiii e, 39
3.3.2.1.4. Effect of reductants on mechaniathselectivity ........ 40
3.3.2.1.5. Effect of CCH, mole ratio . cene.. 40
3.3.2.1.6. Effects of catalytically active amétal mOdIerd
surface of TiQ.......ooviiiiie e 40
3.3.3. Photo-electrocatalytic conversion of,@®fuels ........................ 41

3.4. Conversion of CHand CQ together to useful compounds..................43
3.4.1. CQ (dry) reforming of methane (DRM).............cccevviviiiiiinnnn. 43

3.4.2. Direct conversion of Gknd CQ at the same time....................... 44
3.4.2.1. Catalytic conversion of Gldnd CQ together to
oxygenated COMPOUNTS ......c.oiviiii i e eane 44
3.4.2.2. Photocatalytic conversion of £ahd CQ together .............. 45

Chapter 4: Materials and Methods ............cccooiii i een..,. 48

vt O [ (oo [F{ox 1 o] o TP 49
A.2. MALEIIAIS ... e 49
4.3. Preparation of coating samples ..., 49

4.4. Structural characterization of stainlesslsteesh and Ti@photocatalyst ....50
4.5, APPATAUS ... .ot i it et et i e e e e e e e sae e D1
4.6. Analytical method ... ..o 54
4.7. DeSign Of @XPEIMENTS et ie et e e e re e e eaeans 55



Chapter 5: Results and DISCUSSION .......c.uiuiieins e e e e e e e 56

S0 I [ o To [FTod 1 o] o PP 57
5.2. XRD analysiS reSuUltS ........ccoeii it e e e 57
5.3. Surface morphology .. PPN o 1<
5.3.1. SEM images of mesh size set of experlments ........................ 58
5.3.2. SEM images of Tiglnesh dosage set of experiments ....................
5.3.3. SEM images of calcination temperature €et of experiments ........ 67
5.3.4. SEM images of G{H,4:He ratios in the feed set of experiments..70
5.4. Optimization Of PrOCESS ... ...cmweeeere et ettt et e e e e eaeaeans 72
5.4.1. Effect of mesh size of stainless steedhragpplied as a support...... 74
5.4.2. Effect of Ti@mesh doSage ......cecevviiiiiiiiiiiiii e, 76
5.4.3. Effect of calcination temperature ........eoooovviiiiiiiiiiinnenn. 78
5.4.4. Effect of reactor initial pressure ..........ceiiii i, 80
5.4.5. Effect of CQCHgj:He ratios in the feed w.........cooooiiiiiiinis 82
5.4.6. Effect of UV light INteNSItY .......c.oeeiei i 84

5.5. GC-MS analysis resultS ..........cceuviiiimcmiiiiiiiiieiicie e e eae e eene.. 86

Chapter 6: Conclusion and SUgQQeSLIONS .........c.ovvieiieie i eeeeeeen 90
6.1. CONCIUSION ...ttt e e e e e 91
B.2. SUQQESTIONS .ottt ittt et e e e e et e e e 92

RETEIENCES ...t e e e 93



Table of figures and schemes page

Fig. 1-1. The schematic of mechanism of greenheffset ............................. 3
Fig. 1-2. The schematic of three factors affectmggreenhouse effect .................. .4
Fig. 1-3.Factories producing enormous amounts ob @Zeryday................cccuvev .. 7

Fig. 1-4. A diagram of the natural greenhousectfbm earth, where

the Earth's temperature is kept constant to@tfife ............................ 9
Fig. 1-5. A diagram showing how additional greeigegases trap

more heat in the Earth’s atmosphere and rametemperature.................... 9
Fig. 1-6. Annual greenhouse gas emissions by ISeCtO...........c.cvvvviiiinn i enne. 10

Fig. 1-7. Trends in the main GHG concentrationtheatmosphere

iNthe 1ast 1000 YEAIS ....ccciniii it e e e e e e o 11
Fig. 1-8. Scientists dig in the ice for clues afttve chemical

composition of ancient atmospheres..........cooo i e, 12
Fig. 1-9. Bubbles in a section of ice from andoee..................ccoviiiiiieiinennn, 12
Fig. 1-10. Isabel image from NASA, global warmingage from EPA................ 13

Fig. 1-11. On the left is a photograph taken iA86f the Upsala
Glacier; on the right, January 2004, compoamaage of Upsala
Glacier, Patagonia, Argentina... e P

Fig. 1-12. On the left is a photograph of Muir @& taken on August
13, 1941, by glaciologist William O. Field; time right, a photograph
taken from the same vantage on August 31, 2004¢eologist
Bruce F. Molnia of the United States Geologigafvey
(USGS). Image Credit: National Snow and IceaDat
Center, W. O. Field, B. F. Molnia..........cooooiiii e 14

Fig. 1-13. Melt water stream flowing into a lamgeulin in the
ablation zone (area below the equilibrium lioE)he
Greenland ice sheet. (Image courtesy Rogeraithiiaite,
the University of Manchester, UK). Surfaces tnfrelm the
Greenland ice Sheet....... ..o e . 1D

Fig. 1-14. Sea-ice extend has dropped by "1.5onilkint since 1970................. 15

Fig. 1-15. Observed changes in global averagéeseérise from tide
gauge (blue) and satellite (red) data. Chargyedative to
corresponding averages for the period 1961-18étbothed
curve represents decadal averaged values wittles show
yearly values. The shaded areas are the umtgrilatervals.
(Source: Intergovernmental Panel on Climaten@b&007)................... 16



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

1-16. Increasing in the number of drownedapbkars duo to

MEIING QIACIEIS ... e e e e e e e e 18
1-17. A corn crop destroyed by dry soil andudyht.............cccoiiiiiiiiinn . 18
1-18. Increased tornados, with new recordnited States

in July 2004, are a sign of global warming..........cccccvvoiiiiiiiinnn . 19
1-19. Flooding form global warming may beeally happening.................... 19
1-20. Map of Kyoto protocol countries. Mapoafuntries that

have signed and ratified the Kyoto Protocokém).

Countries that have not ratified the Kyoto Pcolo

are showningoldandred ... 21

2-1. Schematic photoexcitation in a soliddaled by deexcitation events...... 25

3-1. Gasoline synthesis from a CO-rich ai@a-rich syngas via
methanol by using two-stage serially connectedtor packed

with differently functioning catalysts ............ccccocviivii i, 33

3-2. Sources of Cmissions from fossil fuel combustion ..................... 34

3-3. Primary steps in photo catalytic meckanon TiQ.
(1) formation of charge species electror) éad hole (f)
by a photon, (2) recombination ofand H, (3) trapping of
a conduction band electron, (4) trapping of lamee band hole
i.e. formation of surface adsorbed radical in aqueous system,
(5) initiation of reduction reaction by photorgeated conduction
band electron, (6) initiation of oxidative pathy by photo-generated

valence band hole i.e. mineralization pathway.............................. 38

3-4. Schematic drawing of the photo-electtalggic (PEC) reactor .............. 41

3-5. Gas phase electrocatalytic reductio6©f over
GDE/Pt/Nafioff electrocatalysts. Amount of products formed
after 30 min of application of the potentiall(R-1 cnf electrode,
constant bias of 1.9922V, static closed cetitaming 50% CQ

at near atmoSPhEriC PreSSUIE) .......iuiieiie it it 42
3-6. Profile of direct synthesis of acetiedaftom CQ, and CH ................... 45
4-1. The schematic of experimental Set-up .......ccccoiiiiii i, 51

4-2. On the left is coated catalyst on cylical Stainless steel mesh;

on the right, a cylindrical Stainless steel mesthout coated Ti@.......... 52

4-3. The photocatalytic reactor without cap.......................ceeeevvnenn.. 52

4-4. The photocatalytic reactor with its ¢afy lamp situation and
catalyst location inside the photoreactor issghn this picture) ..............



Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

4-5. The photocatalytiC reactor ...........c.oiiiieiii i e, 53

4-6. The experimental SEt-UP .........oiiiiin i e e e eeeeeenas 53
4-7. The experimental set-up from the otheww..................................... B4
5-1. XRD patterns of Degussa P-25 (a) plaquber (b) coated on

stainless steel mesh . RIS o1 |

5-2. SEM images of stainless steel mesh asedsupport (Magnitude 100x) /
(a) mesh size: 60; (b) mesh size: 120; (c) nsesh 200 ...................... 59

5-3. SEM images of Tibn stainless steel mesh before use / T¢c%G30
(Magnitude 100x) / (a) mesh size: 60; (b) m&gh: 120;
() MESh SIZE: 200 ....v i 60

5-4. SEM images of Tikbn stainless steel mesh before use / Tc4G30
(Magnitude 150x) / (a) mesh size: 60; (b) mesa:<.20;
(€) MESN SIZE: 200 ...eii i 61

5-5. SEM images of Tibn stainless steel mesh / Tc=350
mesh size: 120 / (Magnitude 150x) / (a) befwme, (b) after use
(feed ratios: 45%C£15%CH,:10%He /light intensity: 125 W /
reactor initial Pressure: BOPSI) «.vv.v v ves i 62

5-6. SEM images of Tibn stainless steel mesh / Tc=350
mesh size: 120 / (Magnitude 10k) / (a) befor (is) after use
(feed ratios: 45%C£15%CH,:10%He /I|ght |ntenS|ty 125 W /
reactor initial pressure: 60psi)... PP o o

5-7. SEM images of Tibn stainless steel mesh before use/Tc2330
mesh size: 120 / (Magnitude 100x) / (coated,Ti@sson a mesh
substrate area of 415 tnfa) 0.289 gr, (b) 0.822 gr, (c) 1.994 gr)......... 64

5-8. SEM images of Tibn stainless steel mesh before use/Tc2350
mesh size: 120/ (Magnitude 150x) / (coated,Titass on a mesh
substrate area of 415 €nfa) 0.289 gr, (b) 0.822 gr, (c) 1.994 gr) .......... 5.6

5-9. SEM images of Tibn stainless steel mesh before use/Tc2350
mesh size: 120/ (Magnitude 10K) / (coated ;li@ass on a mesh
substrate area of 415 trfa) 0.289 gr, (b) 0.822 gr, (c) 1.994 gr) .......... 6.6

5-10. SEM images of Tin stainless steel mesh before use / mesh size:
120/ (Magnitude 100x) / (a) Tc=2@) (b) Tc=350C, (c) Tc=600C ......... 67

5-11. SEM images of Tgn stainless steel mesh before use / mesh size:
120 / (Magnitude 150x) / (a) Tc=2@) (b) Tc=350C, (c) Tc=600C ........ 68

5-12. SEM images of Tign stainless steel mesh before use / mesh size:
120 / (Magnitude 10k) / (a) Tc=2@ (b) Tc=350C, (c) Tc=600C .......... 69

5-13. SEM images of Tin stainless steel mesh after use / Tc2@50eactor



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

initial pressure: 60psi / light intensity: 125 Mdatalyst dosage= 0.822gr /
415cni/ mesh size: 120 / (Magnitude 150x) / (a) feecmati
45%CQ:45%CH,;:10%He,(b) feed: 90%CM%CH,:10%He .................

5-14. SEM images of Tin stainless steel mesh after use / Tc2G50
reactor initial pressure: 60psi / light integsit25 W / catalyst
dosage= 0.822gr/415émmesh size 120 / (Magnitude 10Kk) / (a) feed

ratios: 45%C@45%CH,:10%He, (b) feed: 90%CM%CH;:10%He ...... 71

5-15. Graphs show the effect of mesh sizd¢ahkess steel mesh on, (a)
CQ conversion, (b) Ckconversion. ¢ ) Mesh size: 6a () Mesh size

120; (a ) Mesh Size: 200........oiiii i e 75

5-16. Photocatalytic conversions of £gnd CH as a function of mesh
size of mesh used as a support. All three reaticere done under the
same conditions (Tc=380 / feed ratios: 45%C{45%CH;:10%He /
light intensity: 125 W / reactor initial pressu60 psi / reaction time: 8h).

(B )CQ; (B ) CHytiin i

5-17. Graphs show the effect of coated,li@ss (on a mesh substrate area
of 415 cm) on, (a) CQ conversion, (b) Ckiconversion.¢ ) Coated
TiO; mass: 0.289 gr;{ ) Coated Tiass: 0.822 gr;{ ) Coated TiO

MASS: 1.0 g ..o 77

5-18. Photocatalytic conversions of £&hd CH as a function of the coated
TiO, mass (on a mesh substrate area of 41%. &t three reactions
were done under the same conditions (mesh k2fe/ Tc=350C / feed
ratios: 45%CQ45%CH,:10%He / light intensity: 125 W / reactor

initial pressure: 60 psi / reaction time: §mW.) CQ; (m ) CH,...............

5-19. Graphs show the effect of calcinatiemperature on, (a) G@onversion,
(b) CH, conversion. ¢ ) Calcination temperature: ZDQm ) Calcination
temperature: 35C; (a ) Calcination temperature: 6@......................

5-20. Photocatalytic conversions of £4hd CH as a function of the
calcination temperature. All three reactions wawee under the
same conditions (mesh size: 120 / catalyst des@g22gr/415ciV
reactor initial pressure: 60 psi / light integsit25 W / feed
ratios: 45%CQ45%CH,:10%He / reaction time: 8hm( ) GOm) CH; ...

5-21. Graphs show the effect of reactor ihjti@ssure on, (a) GQonversion,
(b) CH, conversion. ¢ ) Reactor initial pressure: 3Q () Reactor
initial pressure: 60 psia( ) Reactor initiaépsure: 90 pSi ...................

5-22. Photocatalytic conversions of £4hd CH as a function of the reactor
initial pressure. All three reactions were donder the same conditions
(mesh size: 120 / catalyst dosage= 0.822gr/4158er-350C / light
intensity: 125 W / feed ratios: 45%&@65%CH,:10%He / reaction time: 8

(M) CQ; (M) CHy oot e e

5-23. Graph shows the effect of £CH,:He ratios in the feed on GO
conversion.« ) 27%C{b3%CH,:10%He; @ ) 45%C@45%CH,:10%He;

G

80

81

h).
82



(4) 63%CQ27%CH;:10%He; & ) 90%C@0%CH;10%He ................. 83

Fig. 5-24. Graph shows the effect of £CH,:He ratios in the feed on GH
conversion.« ) 27%C{53%CH,:10%He; @ ) 45%C&45%CH,:10%He,;
(o) 63%CQR:27%CH;:10%He; K ) 0%C@90%CH;:10%He ............... 83

Fig. 5-25. Photocatalytic conversions of £fnd CH as a function of the
CO,:CHgy:He ratios in the feed. All five reactions were damder the
same conditions (mesh size: 120 / catalyst des@@22gr/415cHV
Tc=350C / light intensity: 125 W / reactor initial pressu60 psi /
reaction time: 8h).{ ) CO(M ) CHy ..o 84

Fig. 5-26. Graphs show the effect of UV light indéy on, (a) CQ conversion,
(b) CH, conversion. ¢ ) Light intensity: 80 Wm( ight intensity: 125 W,
(a) Light intensity: 250 W ... e e e e e 85

Fig. 5-27. Photocatalytic conversions of £&hd CH as a function of the
light intensity. All three reactions were donalanthe same conditions
(mesh size: 120 / catalyst dosage= 0.822gr/41568er=350C / feed
ratios: 45%CQ45%CH,:10%He / reactor initial pressure: 60 psi /
reaction time: 8hr).{ )CO(M)CH; ..., 86

Fig. 5-28. GC-MS results of reaction test over Jifiesh catalyst under the
optimum experimental conditions .............cooooiii i 87

Fig. 5-29. GC-MS detection diagram of obtaineddpicis from reaction test
under the optimum experimental conditions amir ttiata base (Wiley 7n
Mass Spectral Library) / (a) Toluene, (b) Bareggc) n-Hexane .............. 89



Tables page

Table. 1-1. The main greenhouse gases..........ccvcevviiiiieiieee s mmmmmme s eeeeeee D
Table. 1-2. Major GHG €MILEEIS ... ...iuiitiieie it e v 11

Table. 2-1. Band-gap energies of semiconductad t
photocatalytiC ProCESSES ... ..viiiiie e e e 27

Table. 3-1. Overview of the literature data regagdCO, photocatalysis in
the presence of T3O......c.oiiiiiiii i i e e 36

Table. 3-1. (CONtNUE) wan vt e e e e e e e e e e e 37

Table. 3-2. Photocatalytic conversion methanecankon dioxide over
CU/CAS-TIQSIO, .vini it e e e e an. 46

Table. 3-3. Results of reaction tests g Ba03% ...........vvvvieeieiiiiiiiiieee 47

Table. 4-1. One variable at a time experimentalgiefor optimization of
photocatalytic reaction ....... ..o 55

Table. 5-1. Results of the structural analysighefcatalyst samples calculated
from XRD data ....c.vniniiiie e e e e 57

Table. 5-2. Process parameters and assigned levels.................cocevvvennn. 72

Table. 5-3. One variable at a time method expertai@lesign in coded and
obtained experimental G@nd CH conversion ................ccceevee v 73

Table. 5-4. The optimum process conditions orddgradation of C@and
CH; by TiO/mesh catalyst............ccoiviiiiiiiiici i e e 13

Table. 5-5. GC and GC-MS results of reaction dest TiO,/mesh catalyst
under the optimum experimental conditions ..........cceceeviiviiinnn.n. 87



Chapter One

Greenhouse Effect and Global Warming



1.1. Introduction

According to the Intergovernmental Panel on Clin@tange (IPCC, 2005) most of the
warming observed over the past 50 years is ataiidetto human activities. Human
influences are expected to continue to changetthespheric composition throughout the
21st century. Greenhouse gases (GHGs) such as@), N,O, HFCs, PFCs, and $hre
the primary cause of global warming. The greenhogae representing the largest
contribution of human activities is carbon dioxi@eissions from fossil fuel combustion
[1]. The global concentration of GOn the atmosphere is increasing [1] and this
accelerates the greenhouse effect. The Kyoto Ribtot 1997 on greenhouse gases
(GHGs) emissions has evidenced the necessity tvotdhe emissions not only of GO
but also of CH and NO which contributed 7 and 9%, respectively, to@ebal Warming
Potential (GWP) (with reference to the £€yuivalent emissions, using GWP values for a
100-year time horizon) [2].

Many factors determine the climate system and fa@nynof them the level of
understanding is poor. However, the precise cdroglaobserved over the last 1000 years
between change in the earth’s temperature and theospheric concentration of
greenhouse gases indicates a clear direct relatmnBhe projected climate change results
in an estimated increase in the earth’s temperatute6'C, depending on the models. The
higher temperatures would be reflected in an irsgea sea level, for example, of 0.1-0.9
m which may cause the flooding of large regiontheaworld[2].

1.2. Greenhouse effect

The "greenhouse effect" is the heating of the Edué to the presence of greenhouse
gases. It is named this way because of a simifacteproduced by the glass panes of a
greenhouse. Shorter-wavelength solar radiation fiben sun passes through Earth's
atmosphere and then is absorbed by the surfadeedtarth, causing it to warm. Part of
the absorbed energy is then reradiated back tcathsphere as long wave infrared
radiation. Little of this long wave radiation epea back into space; the radiation cannot
pass through the greenhouse gases in the atmosgheregreenhouse gases selectively
transmit the infrared waves, trapping some andaétig some to pass through into space.
The greenhouse gases absorb these waves and résmitsives downward, causing the
lower atmosphere to warm. This process occurs aljtuand has kept the Earth's
temperature about 59 degrees Fahrenheit warmerittawuld otherwise be. Current life
on Earth could not be sustained without the nagnegnhouse effect.

1.2.1. Advantages of greenhouse effect

The presence of carbon dioxide and other gasedenatmosphere produces the
greenhouse effect, which keeps the atmosphere wahm.warm atmosphere is very
essential for the survival of life on earth in tbbowing ways:

* Precipitation of water, formation of clouds, raihfatc. Life in the biosphere

depends on these resources.



* The warm atmosphereelps in the growth of vegetation and forest ettese are
sources of food, shelter etc.
» This effect helps in rapid bio-degradation of dpkahts and animals.

1.2.2. Mechanism of greenhouse effect

The Greenhouse Effect is a natural process thanhgvdéine Earth, and, in fact, is quite
necessaryfor our survival. Gases in the atmosphere, likeewatapor (clouds), carbon
dioxide (CQ), methane (Ch), and nitrous oxide (D) act as a natural blanket by
preventing the sun’s heahergy from radiating back into space, much likgreéenhouse
traps the sun’s energy to wagameone’s plants even in the middle of winter. matural
greenhouse effect helps warm fBarth’s surface by as much as’@3and without it, our
planet would be too cold for humansstarvive.

The Fig 1-1, illustrates the basic processes betiiadgreenhouse effect. As the sun’s
energy hits the Earth, some of that energy is dlesbby the earth’s crust and by the
oceans, warming the planet. The rest of the energwdiated back toward space as
infrared energy. While some of this infrared enedpes radiate back into space, some
portion is absorbed and re-emitted by water vaput ather greenhouse gases in the
atmosphere. This absorbed energy helps to warmlémet’'s surface and atmosphere just
like a greenhouse.

The Greenhouse effect
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Fig. 1-1. The schematic of mechanism of greenhoustect [3]



1.2.3. Factors affecting the greenhouse effect

There are three main factors that directly inflieetite greenhouse effect: (1) the total
energyinflux from the sun, which depends on the eartlssadce from the sun and on
solar activity, (2)the chemical composition of the atmosphere (whaegare present and
in what concentrations), and (3) albedo, the ability of dagth's surface to reflect light
back into spacelhe only factor that has changed significantlyha tast 100 years is the
chemical composition dhe atmosphere and that is because of human gctivit
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Fig. 1-2. The schematic of three factors affectinthe greenhouse effect [4]



1.3. Contributors to greenhouse effect

Greenhouse gases are gases in an atmosphere shet abhd emit radiation within the
thermal infrared range. This process is the fundaateause of the greenhouse efféct
our solar system, the atmospheres of Venus, MatsTdan also contain gases that cause
greenhouse effects

Many greenhouse gases occur naturally in the ath@psp such as carbon dioxide,
methane, water vapor, and nitrous oxide, while rstlage synthetic. Those that are man-
made include the chlorofluorocarbons (CFCs), hydavbcarbons (HFCs) and
Perfluorocarbons (PFCs), as well as sulfur hexaflieo(SF). The Table 1-1, lists some of
the main greenhouse gases and their concentratiopge-industrial times and in 1994;
atmospheric lifetimes; anthropogenic sources; ahob#& Warming Potential (GWP).
Although some of the gases listed have a largdrayjlavarming potential, carbon dioxide
(CO,) is the most important greenhouse gas becauds abundance in the atmosphere.
Today, atmospheric C{@oncentrations measure over 380 parts per milijggm{), mostly
due to fossil fuel use in the energy and transpiortasectors.

Table. 1-1. The main greenhouse gases [5]

The main greenhouse gases

Greenhouse Chemical Preindustrial Concentraion  Atmospheric Anthropogenic Global warming
gases formula  concenfration N 1294 lifetime (years™ s0Urces potentlal (GWE)*
Fossl fusl combustion
Carbon-tlodda co, 218000ppby 358 000 ppbv Viarable Land use conversion 1
Cement production
Fossl fuels
Methane CH,  7odppv  12ipbv 122463 peebades 21
Livestock
Fertilizer
Nitrous oxide N,O 275 ppby 311 ppbv 120 industnal processes 310
combustion
CFC12 GOl F, 0 O0503ppbv 102 LU Coommls. 6200.7100
HCFC-22 CHCIF, 0 0,105 ppbv 121 Liquid codlants 1300-1400
Perlucromethane |  OF, 0 0070ppby 50000 Milorare 6500
e D] e 0 oX2pbv 3200 e 23900

Nole ; ppbvs | pad por Ieiion by wdame; ppb= | m‘lmmﬁ-m by v, ppmv= et pos milkon by wolars
" GWT bt 100 yoar Beme oz, ™ ichdes e el o rapaspRiericaroan producticn and o osphee:waket vaout prodection, ™ On page 450

Thie PCC SAN. Mo angls Belimo (o6 COY oo b dalinid bitonisi of e dfdepnt rodos of upkoke by cifesond sk pdoossni. ™" Nl global winimen g pol énlial o o,
L., Incharding the Indred o duc 10 600 dopition) Lk

Some greenhouse gases are not often listed. Forpdsanitrogen trifluoride has a high
global warming potential (GWP) but is only presentery small quantities.

The global warming potential (GWP) depends on lloghefficiency of the molecule as
a greenhouse gas and its atmospheric lifetime. @/Mfeasured relative to the same mass



of CO, and evaluated for a specific timescale. Thus, nicdecule has a high GWP on a
short time scale (say 20 years) but has only &t $ifetime, it will have a large GWP on a
20 year scale but a small one on a 100 year sCaleversely, if a molecule has a longer
atmospheric lifetime than Gts GWP will increase with time.

The major non-gas contributors to the Earth's dreese effect, clouds, also absorb and
emit infrared radiation and thus have an effectramtative properties of the greenhouse
gases Water vapor is the most abundant gas and playsetiek role in warming earth
causing 36-70% of ‘greenhouse effect’. Carbon diexdontributes 9-26%, methane 4-9%
while ozone’s share is about 3-7%.

Greenhouse gases, mainly water vapor, are esseuatidhelping determine the
temperature of the Earth; without them this planeiuld likely be so cold as to be
uninhabitable. Although many factors such as theand the water cycle are responsible
for the Earth's weather and energy balance, ifelé was held equal and stable, the
planet's average temperature should be considdmady without greenhouse gases.

Although contributing too many other physical andemical reactions, the major
atmospheric constituents, nitrogenyfNoxygen (@), and argon (Ar), are not greenhouse
gases. This is because homonuclear diatomic meecsuch as Nand Q and
monoatomic molecules such as Ar have no net changeir dipole moment when they
vibrate and hence are almost totally unaffectedninared light. Although heteronuclear
diatomics such as carbon monoxide (CO) or hydragdaoride (HCI) absorb IR, these
molecules are short-lived in the atmosphere owmntheir reactivity and solubility. As a
consequence they do not contribute significantltheogreenhouse effect and are not often
included when discussing greenhouse gases

1.3.1. The properties of greenhouse gases and thsgurces

1.3.1.1. Carbon dioxide (CQ)

Carbon dioxide (C@ is a colorless, odorless, non-flammable gas anthé most
prominent Greenhouse gas in Earth's atmosphere.irCaur atmosphere acts like a light
filter, allowing certain wavelengths (those of his light) to pass through babsorbing
others (especially infra-red light). An importardlénce exists between concentration of
carbon dioxide and life: With less carbon dioxidegre heat would be lost and Earth
would be frozen, like mars. With more, more heatildde trapped and our world would
be as hot as Venus, 8(°C, with lakes of molten lead

CO; is recycled through the atmosphere by the proplssosynthesis, which makes
human life possible. Photosynthesis is the prooésgreen plants and other organisms
transforming light energy into chemical energy.ghti Energy is trapped and used to
convert carbon dioxide, water, and other minerate ibxygen and energy rich organic
compounds. Carbon dioxide is emitted into the aihamans exhale, burn fossil fuels for
energy, and deforests the planet. Every year harmadd over 30 billion tons of carbon
dioxide in the atmosphere by these processestandp thirty percent since 1750.

Burning of petrol alone releases a hugmantity of carbon dioxide into the atmosphere
for every 1000 litre petrol consumer, automobildastrelease nearly 320 kg of carbon
dioxide and 2-8 kg of nitrogen oxide, besides vasiother air pollutants into atmosphere.
CO, concentration havencreased from 280 ppm (parts per million) at tlosvd of the
industrial revolution to around 370 ppmoday. The destruction of forests and the
degradation of soils add estimated 5-9 billion ®£0aBCQ to the atmospheré&tmospheric
concentrations of carbon dioxide have been incngaat a rate ofbout 0.5 percent per
year, and are now about 30 percent above pre-indlstvels



