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Greenhouse gases and global warming contribution
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. Radiative Estimated
. . . . Estimated . oL e
Estimated Preindustrial Approximate ) Forcing Contribution
Source (natural and ) Residence . . -
Gas . Anthropogenic Global Current L. Efficiency over to radiative
anthropogenic) o . . Timein .
Emission Rate Concentration Concentration 100 years Forcing
Atmosphere 2
(CO,=1) (W/m’)
Fossil fuel combustion, 38 Gt/yr
Carbon dioxide (CO2) il ustion oY 280 ppm 390 ppm 50-200 yr 1 1.5-1.8
eforestation (10 kg/yr)
Anaerobic decay (wetlands,
landfills, rice paddies), ruminants,
Methane (CH4) termites, natural gas, coal mining, 0.3 Gt/yr 0.8 ppm 1.8 ppm 10yr 25 0.43-0.53
biomass burning
Estuaries and tropical forests,
. . agricultural practices, deforestation,
Nitrous oxide (N20) land clearing, low-temperature fuel 0.01 Gt/yr 0.385 ppm 0.32 ppm 140-190 yr 298 0.14-0.18
combustion
Refrigerants, air conditioners, foam
Chlorofluorocarbons (CFCs) blowing agents, aerosol cans, <0.0005 Gt/yr 0 0.0004-0.001 ppm 65-110 yr 4750 (CFC-11) 0.31-0.37
solvents
Photochemical reactions between .
) ) Not emitted
Tropospheric ozone (03) VOCs and Nox from transportation directly NA 0.022 ppm hours-days 2000 0.25-0.65

and industrial sources




GHG emissions from various energy sources @ITIN=RIS

CO, emissions of several power sources

per electric-generating capacity (including methane)
Coal-fired : : : '
thermal power 943
(.}i -fired :
thermal power
Natural gas
thermal power
Natural gas
combined

Nuclear power

Water power

Geothermal power | 13

Solar power |11 38
Wind power |1 25
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Life cycle CO, emissions (g-CO,/kWh)

M CO, emissions from combustion in power generation (direct)
“0 Others (indirect)



Others air Pollutants DITIN=ERIS

v Carbon monoxide

v' Hydrocarbons, and VOCs

v Ground-level Ozone

v NOx, SO2 and acid deposition

v’ Soot and PAHs

v" Air Toxics including Dioxines

v’ Particulate Matter (PMx) — primary and secondary PM
v' Ozone



The major pollution issues @ ITIN=ERIS

The ozone in the troposphere

The photochemical smog

The ozone in the stratosphere

The ozone hole

The radiative balance in the atmosphere
Global warming: Earth’s albedo

Climate change

Health effects
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The atmospheric reactor ®ITINERIS

The atmosphere functions as a massive photochemical reactor, with sunlight
serving as the energy source for reactions.

Light radiation, particularly in the visible and ultraviolet regions, has the ability to
break down atmospheric constituents to create atoms, radicals, and ions, or to
excite the constituents without causing a chemical change, thereby altering
their reactivity.



ne atmospheric reactor @ITIN=RIS

\lk.'\“‘PhL'fk'
Ol) =
<
¥ - SURLODUUSE o2 reannsenseressensadgan
0
Stratosphere
—
)
..................................... I IA”P”PJ“\C
i l I'U|\ll\|\|]‘\'l'L‘
. . : 1 1 J
Urban Anthropogenic emissions _ e 150) ) 13() AN)

Surface O, I'(K)




ne atmospheric reactor @ITIN=RIS
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Ozone (O,) in the atmosphere
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> Stratospheric Ozone
( The Ozone Layer)
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> Tropospheric Ozone

¢ Contains 90% of Atmospheric Ozone

« Beneficial Role: Acts as Primary UV
Radiation Shield
e Current Issues:
— Long-Term Global Downward Trends
— Springtime Antarctic Ozone Hole
Each Year
— Springtime Arctic Ozone Losses
inSeveral Recent Years

* Contains 0% of Atmospheric Ozone
* Harmful Impact: Toxic Effects on
Humans and Vegetation
e Current Issues:
— Episodes of High Surface Ozone
in Urban and Rural Areas

O 5 10 |15 2025
Ozone Amount
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The energy source for atmospheric reactions @ITINERIS

According to Planck’ law, the energy of
extraterrestrial one photon (g ) of frequency vis hyv,
T Plackbody 5800 1 \where h is the Planck constant
e=hv
and in terms of wavelength of radiation
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where c¢ is the velocity of light
e=hv=hc/A
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Spectral irradiance (W « m~?2
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Wavelength (nm)

role of thumb: 300nm =95.3kcal
300nm = 398.75k/J
300nm =4.13282eV



The electromagnetic spectrum @ ITIN=ERIS

Wavelength
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lonization energies of major species

Species lonization energy Equivalent

= wavelength
eV kJ mol (nm)
Na 55 496 241.2
Mg 7 738 162.1
NO 9.3 886 135.0
NO, 9.8 940 127.2
0, 12.1 1165 102.7
H,O 12.6 1214 98.7
0, 12.8 1233 97.0
N,O 12.9 1246 96.0
SO, 13.1 1264 94.6
H 13.6 1312 91.2
O 13.6 1314 91.1
CO, 13.8 1331 89.9
CO 14.0 1352 88.5
N 14.5 1403 85.2
H, 154 1488 80.4
N, 15.6 1503 79.9
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Atmospheric photochemistry @ ITIN=ERIS

Absorption of a photon of photochemically active radiation leads to
electronic excitation: AB + hv > AB*
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Solar radiation spectrum @ITIN=ERIS

The atmosphere acts as a filter, blocking out short-wavelength

Fa d |at| ONS Irradiance is the energy of sunlight

~ 2.5
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5250°C Blackbody Spectrum

Radiation at Sea Level (AM1)
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Spectral Irradiance (W/m2/nm

250 750 71000 71250 4500 1750 2000 2250 2500

Wavelength (nm)



Spectral absorption cross-sections @ ITIN=ERIS
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Spectral absorption cross-sections @ ITIN=ERIS

» Thermosphere /Mesosphere Stratosphere Troposphere
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Transmitted Radiation (by the Atmosphere)
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Major anthropogenic pollutants @ITIN=RIS
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Major anthropogenic pollutants

Emission estimates

@ITIN=RIS

Sources SO, NO,> CO VOC® PM,;, PM,s
Electric power and heat production 49 5l 6.5 0.7 4.9 3
Oil refineries 1557 0.9 0.5 2.1 <0.1 <0.1
Other industrial sources 31 19:2 137.9 63.4 16.3 10.1
Waste and wastewater treatment 0.1 0.2 0.1 2.6 0.2 0.1
Residential, commercial, and institutional 8.2 6.2 232.5 36 30.2 18.2
sector
Agriculture 0.4 6 75 4 10 8.3
On-road transportation 0.8 21 170 25.4 0.9 0.9
Aviation 0.3 2.9 0.5 0.1 <0.1 <0.1
Maritime shipping 11 117/ 53 1.2 1.9 1.8
Other modes of transportation 0.1 129 0.6 0.2 0.3 0.3
Sub-total of anthropogenic sources 103 D 629 136 65 43
Biomass fires® 3 25 413 251 49 36
Natural sources 19 53 140 1000 1690 460
Total 125 190 1182 1387 1804 539



Major anthropogenic pollutants @ITIN=ERIS

Emission estimates

Sources SO, NO,* CO VOC® PM,;, PM,s
Electric power and heat production 49 g1l 6.5 0.7 4.9 3
Oil refineries 157 0.9 0.5 2.1 <0.1 <0.1
Other industrial sources 31 19.2 137.9 63.4 16.3 10.1
Waste and wastewater treatment 0.1 0.2 0.1 2.6 0.2 0.1
Residential, commercial, and institutional 8.2 6.2 232.5 36 30.2 18.2
sector
Agriculture 0.4 6 75 4.4 10 8.3
On-road transportation 0.8 2 170 25.4 0.9 0.9
Aviation 0.3 2.9 0.5 0.1 <0.1 <0.1
Maritime shipping 11 17 53 1.2 1.9 1.8
Other modes of transportation 0.1 129 0.6 0.2 0.3 0.3
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Biomass fires® 3 25 413 251 49 36
Natural sources 19 58 140 1000 1690 460

Total 125 190 1182 1387 1804 539



Hydrocarbon oxidation chemistry @ITIN=ERIS
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Hydrocarbon oxidation chemistry @ITIN=ERIS
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Hydrocarbon oxidation chemistry @ITIN=ERIS
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Hydrocarbon oxidation chemistry @ITIN=ERIS
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Hydrocarbon oxidation chemistry @ITIN=ERIS
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Hydrocarbon oxidation chemistry @ITIN=ERIS
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Hydrocarbon oxidation chemistry
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Hydrocarbon oxidation chemistry @ITIN=ERIS
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Hydrocarbon oxidation chemistry @ITIN=ERIS
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Hydrocarbon oxidation chemistry @ITIN=ERIS
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Hydrocarbon oxidation chemistry @ITIN=ERIS
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Hydrocarbon oxidation chemistry @ ITIN
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Hydrocarbon oxidation chemistry @ITIN=ERIS
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Hydrocarbon oxidation chemistry
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Hydrocarbon oxidation chemistry @ITIN=ERIS
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Hydrocarbon oxidation chemistry @ITIN=ERIS
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Pollutant formation (CO, VOC, SVOC) @ITINERIS
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Pollutant formation (CO, VOC, SVOC) @ITIN=ERIS
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Pollutant formation (CO, VOC, SVOC) BITINERIS
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Pollutant formation (CO, VOC, SVOC)
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