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Green house effect

• A hot topic......

• What is green house effect
• Which gases cause the green house effect
• Politicians decide: right or wrong, but chemical engineers have to 

comply
• CO2

• Ozone depleting gaseous emissions-green house effect
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Greenhouse effect

source: Vesna Barisic
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Comparison of greenhouse gases

Greenhouse gas 
(GHG)

Global warming potential 
(GWP)

CO2 1

CH4 21

N2O 310

HFCs 140-11700

PFCs 7400

SF6 23900
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Greenhouse gas sources

• Energy balance influenced by
– Changes in greenhouse gases and aerosols, 
– Changes in solar radiation 
– Changes in land surface properties 

• = expressed in terms of radiative forcing, which is used to 
compare how a range of human and natural factors drive 
warming or cooling influences on global climate.

• Radiative forcing is a measure of the influence that a 
factor has in altering the balance of incoming and outgoing 
energy in the Earth-atmosphere system 

• Index of the importance of the factor as a potential climate 
change mechanism. 

• Positive forcing warms 
• Negative forcing cools
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RF according to IPCC
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Greenhouse emission targets



MZ

8/36
Are we on track?
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CO2 per source
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CH4 per source
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N2O per source
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Fluorinated gas emissions
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CO2
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Means to reduce CO2

• Improve energy efficiency
• Switch to less carbon intensive fuels (Methanol, Fischer trops fuels)
• Increase use of low or near zero carbon energy sources 

(electricity, H2)
• Biomass if sustainable grown
• Sequester CO2 through enhancement of biological sinks 

• Biomass
• Ocean
• Atmosphere
• Sediment

• CO2 capture and storage
• pre-combustion
• post-combustion
• transport
• ocean storage
• geological storage
• mineral storage
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CO2 Capture

Source IPCC, 2005
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Post combustion CO2 capture

Disadvantages
-High energy penalty
-Degradation of sorbent by 
NOx and SOx (and O2)

Advantages
– No new combustion plants 

needed
– Can be fitted to old or new plant
– Has been demonstrated

Source IPCC, 2005
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Pre-combustion CO2 capture

• Advantages
– CO2 at high partial pressures
– Solvent scrubbing is proven technology
– Benefits from improved gas turbine designs

• Disadvantages
– Partial oxidation or gasification is needed, adds complexity
– Gasification is quite different from combustion
– Not widely demonstrated, reliability is an issue
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Source IPCC, 2005
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Oxyfuel combustion capture

• Advantages
– CO2 recycle doesn’t give 

much problems
– Significant NOx 

reduction
– Better heat transfer
– Smaller amout of flue 

gas

Disadvantages
High costs for O2
Only demonstrated at small 
scale and special cases

Source IPCC, 2005
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Capture in (high energy) industry

• The larger the plant, the better
• Cement plants can use post-combustion or switch to oxyfuel
• Iron and steel plants have many options (and are large !)
• Oil refineries are in a similar situation as power producers (many 

heaters and furnaces)
• H2 and NH3 producers can use pre-combustion technology, but 

amounts are small (but very attractive)
• Natural gas producers can have high-CO2 gas, but also here for the 

best cases the amounts are small
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CO2 transport

• An important but not a major cost 
factor. Compression should not 
be forgotten.

• Pipelines are operated over large 
distances for all sorts of gases 
under sometimes extreme 
conditions.

• Pipelines of CO2 are not new, in 
use for > 2500 km.

• ”Pipeline quality” CO2 should be 
dry and free of H2S (avoiding 
corrosion).

• Alternatively, marine tankers can
be used, or even rail or road 
tankers.

Source IPCC, 2005
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Geological storage options

Source IPCC, 2005
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Leakage form CO2 storage

Source IPCC, 2005
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Ocean storage

Source IPCC, 2005



MZ

24/36
Mineral storage of CO2

Source IPCC, 2005
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Maturity of capture systems

Source IPCC, 2005
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Summary

• Wether greenhouse effect is caused by humans or 
not is not a issue in this course. 

• CO2 greenhouse gas available in largest amount, 
thus high priority

• Reduction
– Improve energy efficiency
– Switch to less carbon intensive fuels (Methanol, Fischer trops fuels)
– Increase use of low or near zero carbon energy sources 

(electricity, H2)
– Biomass if sustainable grown
– Sequester CO2 through enhancement of biological sinks 
– CO2 capture and storage
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Ozone depletion
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Tropospheric ozone

http://earthobservatory.nasa.gov/Library/Aura/Aura_3.html
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Tropospheric ozone

•Tropospheric ozone comes from several sources. 
• Biomass burning and industrial activity produce carbon 
monoxide (CO) and volatile organic compounds (VOCs) 
which are oxidized to form ozone. 
• Nitrogen oxides (NOx) from industrial processes, 
biomass burning, automobile exhaust and lightning also 
form tropospheric ozone. 
• A small amount of tropospheric ozone also comes from 
the stratospheric ozone layer. 

http://earthobservatory.nasa.gov/Library/Aura/Aura_3.html
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Stratospheric ozone

http://earthobservatory.nasa.gov/Library/Aura/Aura_3.html
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Stratospheric ozone

• The stratospheric ozone layer shields life on Earth from the Sun’s 
harmful ultraviolet radiation. 

• Chemicals that destroy ozone are formed by industrial and natural 
processes. 

• With the exception of volcanic injection and aircraft exhaust, these 
chemicals are carried up into the stratosphere by strong upward-
moving air currents in the tropics. Methane (CH4), 
chlorofluorocarbons (CFCs), nitrous oxide (N2O) and water are 
injected into the stratosphere through towering tropical cumulus 
clouds. 

• These compounds are broken down by the ultraviolet radiation in 
the stratosphere. 

• By products of the breakdown of these chemicals form “radicals”—
such as nitrogen dioxide (NO2) and chlorine monoxide (ClO)—that 
play an active role in ozone destruction. 

• Aerosols and clouds can accelerate ozone loss through reactions 
on cloud surfaces. Thus, volcanic clouds and polar stratospheric 
clouds can indirectly contribute to ozone loss 

http://earthobservatory.nasa.gov/Library/Aura/Aura_3.html
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In winter (no sunlight) formation of polar clouds
.
• Chlorine reservoir species HCl and ClONO2 (and their bromine 

counterparts) are converted into more active forms of chlorine on the 
surface of the polar stratospheric clouds. 

• The most important reactions in the destruction of ozone are: 
HCl + ClONO2 →HNO3 + Cl2 (1)
ClONO2 + H2O→HNO3 + HOCl (2)
HCl + HOCl→H2O + Cl2 (3)
N2O5 + HCl→HNO3 + ClONO (4)
N2O5 + H2O→2 HNO3 (5)

When the light returns
• Molecular chlorine is easily photodissociated (split by sunlight): 

Cl2 + hv→ Cl + Cl
• When the sunlight returns to the polar region in the southern 

hemisphere spring (northern hemisphere autumn) the Cl2 is rapidly split 
into chlorine radicals

Ozone chemistry

http://fig.cox.miami.edu/~lfarmer/MSC215/215ATCHM.HTM
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Ozone chemistry (II)

• Catalytic cycle with sunlight

(I)
ClO + ClO + M      →   Cl2O2 + M
Cl2O2 + hv →   Cl + ClO2
ClO2 + M →   Cl + O2 + M
then:2 x (Cl + O3)  →   2 x (ClO + O2)
Overall 2 O3 →   3 O2 and

(II)
ClO + BrO →   Br + Cl + O2
Cl + O3 →   ClO + O2
Br + O3 →   BrO + O2
Overall:2 O3 →   3 O2

• The dimer (Cl2O2) of the chlorine monoxide radical involved in Cycle (I) 
is thermally unstable, and the cycle is most effective at low 
temperatures. Hence, again low temperatures in the polar vortex during 
winter are important. It is thought to be responsible for most (70%) of 
the ozone loss in Antarctica
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Ozone loss and climate

Ozone’s impact on climate consists primarily of changes in temperature. 

The more ozone in a given parcel of air, the more heat it retains. Ozone 
generates heat in the stratosphere, both by absorbing the sun’s ultraviolet 
radiation and by absorbing upwelling infrared radiation from the lower 
atmosphere (troposphere). 

Consequently, decreased ozone in the stratosphere results in lower 
temperatures. 
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Summary

• Tropospheric ozone
– Polutes 
– Warms atmosphere

• Stratospheric ozone
– Protects against uv.
– Ozone hole fastest reactions in polar regions 

caused by polar clouds in winter and sunlight in 
summertime

– Ozone hole decreases heat storage in 
stratosphere, cools 
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IPCC Special Report on Safeguarding the 
Ozone Layer and the Global Climate System 
Issues related to Hydrofluorocarbons and 
Perfluorocarbons
April 2005
www.ipcc.ch downloadable as pdf

Sources
non-obligatory background material

IPCC Special Report on Carbon 
dioxide Capture and Storage 
sept.2005 www.ipcc.ch
downloadable as pdf

Climate Change 2001: The 
Scientific Basis www.ipcc.ch
downloadable as pdf

Zevenhoven, R., Kilpinen, P. ”Control of pollutants in flue 
gases and fuel gases” Picaset (Espoo), 2001 (1st ed.), 2002 
(2nd ed.) 2004 (3rd ed.) available at 
www.abo.fi/~rzevenho/gasbook.html

Thambimuthu, K. , 
Davison, J. ”Overview of 
CO2 capture”, presented 
at GHGT-7, Vancouver 
Canada September 
2004

“Nordic post graduate course on CO2 capture and storage,  
TKK, Espoo, sept 2005, Ron Zevenhoven lectures 1, 2 and 3

Annual European Community greenhouse gas inventory 1990-2004 and inventory 
report 2006
http://reports.eea.europa.eu/technical_report_2006_6/en

The physical science basis, feb 2007
http://www.ipcc.ch/SPM2feb07.pdf summary for 
policymakers


