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# DATE TOPIC PROF.
ENERGY & CLIMATE CHANGEA COMPLEX RELATION, PERENE AND INTERDISCIPLINARY. 3. Seixas
1 02/mar Sat 9h-11h Framework and purpose of the course in the PDACPDS. Practicalities and seminar program. Basic concepts of _ ’

FCT NOVA
the energy systems.

2 02/mar Sat 11h-13h

Energy Concepts & Global energy system: primary/final energy; energy efficiency; sankey diagrams; energy
services; energy carriers; final energy supply cost curves; energy production and consumption regions; energy S. Simdes
access; energy and carbon intensity. How GHG (greenhouse gases emissions) are estimated.

3 16/mar Sat 9h-11h

Global balance of CO , emissions associated with energy and industrial processes. The greenhouse effect.
GHG emissions from fossil energy per sources and countries. Estimates of the Global Carbon Budget
(http://mvww.globalcarbonproject.org/) and its relationship to the global energy system and changes in land S. Simodes
use. Future scenarios for GHG emissions: SSPs and RCPs. Global emissions based on consumption vs.

production.

GHG Emission Mitigation options:  Mitigation vs adaptation. Fuel switch, renewable energy, energy

22/mar - e . o
4 Frida 18h-20h efficiency, green hydrogen, nuclear power, carbon capture & storage/utilisation, carbon removal. Behavioural S. Simbes
y mitigation options. Introduction to assignment.
05/apr J.P.
5 : P 14h-16h Drawdown - Multisector Climate Solutions _
Friday Gouveia
Renewables technologies: Renewable energy technologies.Energy security of endogenous vs. imported
5 12/apr 14h-16h resources. Learning curves of renewable energy technologies. Definition and usefulness of LCOE. System vaILS Simaes
- . Si
Friday of Renewables. Global renewables' market. Sustainability issues related with renewables. Land & water use,
critical raw materials. Discussion: Where to place 7GW of solar PV in Portugal till 2030?
Policy and economy of Climate Change: Global framework to deal with climate change: UNFCCC, Paris
19/apr 14h-16h Agreement. EU climate policy framework (FF55, REPowerEU, CBAM, etc.). Fundamentals of carbon and climatS Simdes
Friday economics: risks and opportunities for organisations and businesses. State of the art on carbon pricing: '

emissions trading schemes, carbon taxes. Introduction to EN-Roads Simulation Game
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03/may 16h-18h 30min Mini-quizz in class (20% of final grade). EN-Roads simulation game: the transformation towards students /
Friday sustainability A interconnected challenges and s olS.Simbes
Resources and datasets on energy and GHG emissions : access to energy databases, Portuguese and
10/ma European (PORDATA, DGEG, EUROSTAT). i) How to find and explore energy statistics and emissions of
Friday 16h-18h greenhouse gas (GHG) emissions for Europe and Portugal; ii) How to make energy conversions; iii) How to S. Simdes
y build indicators and charts with added value; iii) How to analyze economic sectors, and interpret their
performance in terms of energy consumption and greenhouse gas emissions.
17ima Energy systems modelling: most well known models and exemplary applications at different scales &
Friday 16h-18h Mentoring with each students' group : discussion on the approach and methods adopted by the students, S. Simbes
y expected results to be obtained with the final work; assessing preliminary results, if any.
23/ma Business strategy for climate change: Climate change risks for companies. Mitigation, adaptation and risk
Thursd: 18h-20h management in companies. GHG emissions inventories. Carbon footprint of products. Rationale and examples S. Simdes
y of carbon voluntary markets.
24/may 18h.20h Sustainable Cities and Buildings: concept, components and implications for the energy systems. Energy J.P.
Friday poverty and the energy transitions. Gouveia
07/jun . . : . L . S. Simdes
_J 18h-20h Evaluation : assignment presentation by the students. Discussion in class (80% of final grade) _
Friday / J. Seixas
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If you need to discuss topics related to the course, including
the assignment, | am available on Thursdays i10th ¢ send
me an email to book this slot at least 4 days before

Para discussao de assuntos relacionados com o seminario,
iIncluindo o trabalho final, estou disponivel as quintas *Qkh
¢ tém que enviarme email previamente (pelo menos 4 dias
antes)
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Sofia G. Simdes
sofia.simoes@Ineq.pt
sgcs@fct.unl.pt
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Assignment

Challenge: Within the scope of your personal interests, select an economic activity:
Fashion | Communication | Food and Beverage| Industry | Health services | Mobility |

Other

Assuming your country will be In the midst of a pathway to achieve a carbon
neutral economy by 2050 (as stated in the Paris Agreement) or earlier, how do
you envisage the selected activity will picture by 2040?

Team work | Think out of the box | Innovate
What is the challenge for the activity? Who are the challenge owners?
What do you envisage the activity must/should deliver in the future?

Climate Change and Y
. o O
Sustainable Development 348 LNEC; NEVA {&} cense
N T ity and sustainabllity research

Policies
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Assignment |

A firstly, formulate (and detail) the problem as far as you are able;

A characterize the activity at present [for example, production / import technologies| type of

markets and consumers | competition from other markets? | energy consumption profile |

indicators of carbon intensity]

A envisage the activity up to 2040 [technological options | product change - green| change of

consumers | energy consumption profile | indicators of carbon intensity]

A systematize opportunities for the mitigation of the selected activities (identify needs of R & D,
act on consumption preferences, the product value chain, among others)

A identify and anticipate constraints and barriers to the desired mitigation ~ , and explain how to

overcome them.

Tips: Start now; try to be objective and quantify what is possible; do not try to be exhaustive (you cannot do it
within just one course); explore examples that already exist in other countries; be creative.

Climate Change and o®e .
Sustainable Development 0{: LnE(:l N.VA {“?} CE,nSE\

Policies SCENGE 8 TECHNOLOGY and sustanablity resarch
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Assignment |

Criteria [points/100], the goal of the exercise is to promote:

1. Your ability to reason about the problem | in a structured and integrated way (for example,
within the value chain of the activity, including the international dimension if applicable); [25]

2. Consistency and creativity in the scenario design  in 2040 taking into account the expectations
of a 450ppm scenario (aggressive reduction of GHG emissions); [20]

3. Showknowledge about technological mitigation options , In particular regarding the energy
component; [20]

4. Demonstrate robustness of analysis and arguments , focusing on aspects of cost effectiveness,
carbon economics, competitiveness, among others. Demonstrate ability to synthesize information
and data processing; [20]

5. Quality of presentation document & clear and concise oral presentation [15]

Climate Change and Y
. o O
Sustainable Development 348 LNEC; NEVA {&} cense
N T ity and sustainabllity research

Policies
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Assignment |

A Groups of 3 students (please send me anemail with the group members
until end of march )

A Coaching session to each group, on the work development (one class
dedicated to this, 171" may)

A Oral presentation : 30 min/group [15 min for oral presentation + 10 min Q&A]

A Deliverable : at the day before the oral presentation at maximum (6" June
23h59), students will send to Julia Seixas & Sofia Simoes the presentation by

email.
A Presentation in pdf format: maximum 10 slides + word document with 3 pages at
maximum (only if needed for complementary information).

Oral presentation:

7 June 2023, Friday, 18:00h, ICS (tbc) Climate Change and .

L]

Sustainable Development :{: LnE(:l N.VA {‘:?} CE,nSE

Policies SCRNGE 8 e oI0GY and sustainabliy research
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Outline

AHow GHG (greenhouse gases emissions) are estimated

AThe greenhouse effect and GHG emissions from fossil energy per
sources and countries

A Estimates of the Global Carbon Budget
A Global emissions based on consumption vs. production

a Sofia G. Simdes, 2023 LNEG | NGNVET



How GHG (greenhouse gases
emissions) are estimated

LNEG | NGRGT
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First, lets just make clear we are all
familiar with energy units

LNEG | NGRGT
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International system of units (Sl)

Table 1. Sl base units Table 5. Sl prefixes
Base quantity Name Symbol Factor Name Symbol Factor Nalpe Symbol
SI| e 1024 yotta Y 1007 deci d
1021 zetta Z 102 «centi c
length meter m 10 exa E 103 milli  m
. 10> peta P 10€ micro
mass kilogram kg
. 1012 tera T 109 nano n
time second S 9 . 42 rd
lectric current ampere A i g8 2 L s L
e ' PC 106 mega M 1015 femto f
thermodynamic temperature  kelvin K 103 kilo k 108 atto a
amount of substance mole mol 102 hecto h 102! zepto z
luminous intensity candela cd 10! deka da 1024 yocto vy
AOYSUSNE 132 aSO2yRe
https://www.nist.gov/pml/fundamentaiphysicalconstants
Slidedadaptedfrom informationkindly providedby Julia Seixas (NOHCT) 12
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https://www.nist.gov/pml/fundamental-physical-constants

Prefixes commonly used in energy and emissions

Factor

Multiple
1018
1015
1012

10”

10°

10°

10°

10
Submultiple
10~
1072
s
10°°
1077
10—12
10—-15
10—18

Prefix name

Exa
Peta
Tera
Giga
Mega
kilo
hecto
deka

deci
cents
milli
micro
nano
pico
femto
atto

& Sofia G. Simdes, 2023 LNEG | NGR@T Adapted from J. Seixas (2021)
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More on International Units Systems:
https://www.nist.gov/pml/weightsand

measures/metriesi/sirunits
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https://www.nist.gov/pml/weights-and-measures/metric-si/si-units
https://www.nist.gov/pml/weights-and-measures/metric-si/si-units

Expression Expression

in terms of in terms of
Derived quantity Name Symbal other Sl units Sl base units

Table 3. Sl derived units with special names and symbols
Sl derived unit

plane angle radian (@) rad - m-m-1=1 ()
zolid angle steradian (@) sr (C) - m2-m2 = 1 (b}
frequency hertz Hz g1
force newton N m-kg-s
pressure, stress pascal Pa N/m2 m1-kg-s2
energy, work, quantity of heat joule J N-m m?-kg-s2
power, radiant flux watt W Jis m?-kg-s
electric charge, quantity of electricity coulomb C 5-A
e e v w
capacitance farad F c m2-kg1-s4-A2
electric resistance ohm 0 WIA m2-kg-s=-A2
electric conductance siemens s ANV m2-kg'-s3A2
magnetic flux weber Wh Vs m2-kg-s2-41
magnetic flux density tesla T Wh/mZ2 kg-sZ-A1
inductance henry H Whb/A m2-kg-s2-A2
Celsius temperature degree Celsius °C - K
luminous flux lumen Im cd-sr (€) m2-m=2-cd = cd
lluminance lux Ix Im/m?2 m2-m4-cd = m2-cd
activity (of & radionuclide) becquerel Bq - s
absorbed dose, specific energy (imparted), kerma gray Gy Jikg m2-s2
dose equivalent (@) sievert Sv Jikg m2-s2
catalytic activity katal kat s 1-mol

Slidedadaptedfrom informationkindly providedby Julia Seixas (NOVFACT)

L o https://www.nist.gov/pml/fundamentatphysicalconstants
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https://www.nist.gov/pml/fundamental-physical-constants

joule , symbol J, its the energy unit in the International
System of Units (SI)

In principle this is the unit to use !

In S| units:
Where: kg Is kilogram, m is meter, s Is second

If you use 1 Joule to elevate one object 1 meter against
earthos graavitgal9oBmest 1 s
€ one apple (102gr) !

Slidedadaptedfrom informationkindly providedby Julia Seixas (NOVECT) 15
a Sofia G. Simdes, 2023 LNEG | NGR@T



More conversions

1 Joule (J) is equal to 1 Newton force acting along 1 meter

1 Watt is the power of 1 energy Joule de energia over one second

1 kilowatt = 1000 Watts.

1 kilowatt-hour is the energy produced by the power of 1 kilowatt during 1 hour (E =
P1).

1 kilowatt -hour (kWh) = 3.6 x 106 J = 3.6 million Joules

1 calory of heat is the amount needed to increased the temperature of 1 gr of water
by 1°C.

1 calorie (cal) =4.184 J

The tonne oil equivalent (toe) is na energy unit defined as the heat released in the
combustion of 1 tonne of crude oil, roughly 42 gigajoules.

A BTU (British Thermal Unit) the amount of heat needed to increased the temperature
1 pound of water in 1 °F..

1 British Thermal Unit (BTU) = 1055 J

1 BTU = 252 cal = 1.055 kJ

1 000 kWh = 3.41 million BTU

Slidedadaptedfrom informationkindly providedby Julia Seixas (NOVFACT)
a Sofia G. Simdes, 2023 LNEG | NGR@T



The best option to manage energy units is through the
use of converters.

There are several online energy unit converters you may
use.

Here is one with many options:
https://www.unitjuggler.com/energy -conversion.html

Slidedadaptedfrom informationkindly providedby Julia Seixas (NOVFACT)
a Sofia G. Simdes, 2023 LNEG | NGNVET
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Mass of fuel, energy content and heating value (lower/ higher)

We can consider two ways of defining :
x Higher heatlng value (HHV In Portuguese PCS)
x [ 26SNI | SFaAy3 =I t goferaalprificoA YATS NI22NNEdzAB2E atSP/ad L 0

Higher Heating Value (HH\Qiven by the sum of (1) the energy released in the form of
heat and (2) the energy expended in the vaporization of the water formed in a
combustion reaction.

Lower Heating Value (LH\)nly (1), i.e. the energy released in the form of heat.

Note: For fuels that do not contain hydrogen in their composition, the HHV value is same as the LHV, because ther
is no formation of water and energy is not spent on its vaporization.

The heating value of a substance, usually a fuel, is the amount of heat released during the combustion
of a certain amount of said fuel. Theating value is a characteristic of each substance (i.e. the LHV of
Argeliannatural gas can be different from Russian natural gds)s measured in units of energy per

unit of generally mass or volumkcal/kg, kJ/g, kJ/mol or Btu/ms.

Slidedadaptedfrom informationkindly providedby Julia Seixas (NOVECT) 18
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Estimating GHG emissions

LNEG | NGRGT
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Mass of fuel, energy content and heating value (lower/ higher)

Table 3-7 = Low Heating Value per fuel type

- Fuel LHVINCY
Energy (GJ) = Consumption (tLHV(MJ/KQ)
Lignite 16.42 (15.57 - 17.02) | MJikg
OR Hard Coal 20,62 (24.45 - 27.23) | MJikg
Energy (GJ) €onsumption(Nn¥) * LHV (MJ/ Nrf) | Fuel-oi 40.24 (38.42 - 41.15) | Mdikg
Orimulsion 28.00 | MJkg
This information is needed to estimate GHG emissions, since Diesel oil 43.30 | MJikg
most times the emission factors are in GJ and nodommed ; .
Also, different fuels are reported in different units, for Natural Gas 38.18 (36.02 - 39.16) | MJINm
exampletonnesof coal versus fof gas. We need to be able GPL 47.44 (47.28-48.55) | Mikg
to convert them all to the same unit to compare their energy Biomass 78 | Mikg

content and/or carbon IntenSIty' Note: Orimulsion is a registered trademark name for a biturhased fuel that was

developed for industrial use dptevep the Researchnd DevelopmentAffiliate of
Petroleosde Venezuela SA (PDVSA)

National Inventory Report, APA 2016
(http://www.apambiente.pt/ zdata/Inventario/NIR_global 20160415.pdf)

Slidedadaptedfrom informationkindly providedby Julia Seixas (NOVECT) 20
a Sofia G. Simdes, 2023 LNEG | NGR@T


http://www.apambiente.pt/_zdata/Inventario/NIR_global_20160415.pdf

Estimating GHG emissions 0 energy combustion 0 we use emission factors (EF)

Emissions of COz (t CO2) = Energy consumption (t ou GJ) * Oxidation Factor (%)

* EF (emission factor) (gCQ/t or GJ)

Emissions of CHa (t CH4) = Energy consumption (t or GJ) * EF (gCHt or GJ)

Emissions ofN20 (t N20) = Energy consumption (t or GJ) * EF (gNO/t or GJ)

Table 3-3 — Emission Factors for energy production sector. Greenhouse Gases

National Inventory Report, APA 2016
(http://lwww.apambiente.pt/ zdata/Inventario/NIR global 20160415.pdf)

Slidedadaptedfrom informationkindly providedby Julia Seixas (NOVFACT)
a Sofia G. Simdes, 2023 LNEG | NGR@T

_— ucoz® Facox © FossilC CH4D® N20 O
kg/GJ 0.1 % g/GJ g/GJ
Lignite 101.0 0.980 100 1.0 15
Hard Coal 92.0% 0.980 100 0.7 1.40)
Fuel-oi 77.4 0.990 100 0.8 0.3
Orimulsion 77.0 0.990 100 3.0 0.6
Natural Gas 56.1 0.995 100 1.0 1.0 - 3.0
LPG 63.1 0.995 100 1.0 0.1
Biomass 112.0 1.000 0 11.0 7.0
Diesel 74.1 0.990 100 3.0 0.6
(i) IPCC (2006); (ii) IPCC (1997);
21



http://www.apambiente.pt/_zdata/Inventario/NIR_global_20160415.pdf

What do you know about climate
change?

P Adaptedfrom the quizzfrom Publico newspapern July2023

https://www.publico.pt/quizz/interactivo/caosclimaticoverao161

a Sofia G. Simdes, 2023 LNEG | NGNVET
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It's confirmed: July 2023 was the
hottest month on record. What was
the average global temperature?

16.95 °C
16.15 °C
16.55 °C

3 LNEG | NGR@T



It's confirmed: July 2023 was the
hottest month on record. What was
the average global temperature?

16 95 OC With an average of 16.96,July was above the global warming

. limit from which it is believed that there will be serious effects:
It was 1.5 degrees warmer than the average for the months of

16 . 15 OC July from 1850 to 1900, when the Industrial Revolution began
and humans began to emit greenhouse gases into the

16 ] 55 OC atmosphere. In June, with 16.55°C, it was the first time that a

monthly average exceeded the normal temperature by more
than one degree Celsius.

24
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Portugal was spared t
that heated the Mediterranean in July
thanks to:

Cerberus antyclone
Azores antyclone
Caronte antyclone
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Portugal was spared the furnace that
heated the Mediterranean in July
thanks to:

Ce rbe rus antyCIO ne The Azores anticyclone meant that Portugal was, at the

beginning of July, in the path of a transport from North to

Azores antyCIO ne South of relatively fresh air masses coming from the North

Atlantic. At the same time, the anticyclone Cerberus was raising
the thermometers in Europe, followed by the anticyclone
CarO nte antka) N e Caronte which carried a warm mass from North Africa.

26
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With eyes on the East: which country

decreed public holidays on the 2nd

and 3rd of August because of the
ounprecedented heat o6?

lran
India
China
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With eyes on the East: which country

decreed public holidays on the 2nd

and 3rd of August because of the
ounprecedented heat o6?

I ran At the end of July, many cities in southern Iran were
. experiencing days of exceptional heat, with temperatures
| nd |a exceeding 51 degrees Celsius in the southern city of Ahvaz,
according to state media. Weeks earlier, Beijing was also in the
C h | n a news with temperatures above 35 degrees Celsius for the 28th

consecutive day, a new record.

28
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oThe cli1 mat e
but |t cannot
uttered this phrase?

French prime -minister Elisabeth Borne
Croatian prime -minister, Andre] Plenkovic
Greek prime -minister, Kiriakos Mitsotakis

LNEG | NGRGT
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OThe c¢cli mate cri siI s n

but 1t cannot Dbe an e
uttered this phrase?

French prime -minister Elisabeth Borne
Croatian prime -minister, Andre] Plenkovic
Greek prime -minister, Kiriakos Mitsotakis

"Our country must take more measures to be prepared to mitigate, as much as possible, the effects of a reality
that we are already starting to feel and that can have dramatic effects on many different aspects of our economi
and social life", said the prime minister. Greek Minister, Kyridkitsotakis acknowledging that Greece needs to
GFr1S Y2NB YSIFadaNBa G2 O02Yo6l G GKS STFFSOia 2F Of AYl
'y SEOdzaS¢:X KS &lAR G GKS SyR 2F WwWdzéod 2KAES &dzy
temperatures and drier weather are turning the country into a climate change hotspot in the Mediterranean.

30
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UN Secretary - General Antonio
Guterres said it know Is the start of a:

Global warming era
Pyrocene era
Global ebullition era

LNEG | NGRGT
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UN Secretary - General Antonio
Guterres said It has started one:

Global warming era
Pyrocene era
Global ebullition era

a Sofia G. Simdes, 2023 LNEG | NGNVET

In early August, the UN SecretaBgeneral issued a stern warning
F62dzi OfAYIFI(GS OKFy3aSY a¢KS SN} 2
3f 260l f SodZ t AGA2Y KIF & | NNAIJSRDE
stress that it is not a scientific term, others say it may be relevant.
OFRyrocené A& | GSNY O2AYSR o0& {GSLXK
https://www.publico.pt/2023/05/21/ciencia/entrevista/stephe#)-

pyne-fogo-melhoramigo-pior-inimigo-2050052
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Which Hawailan island was devastated
by oapocalypticd fire

Maul
Kaual
Oahu

33
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Which Hawailan island was devastated
by oapocalypticd fire

On August 8 2023, a huge fire broke out on the island of

Maul Maui, the second largest in Hawaii. Several neighborhoods
K - were completely destroyed by fire and the western part of the

aual AdfFYRE AyOftdRAYI (KS G2dNAR&G F NBI 3
Oahu from the map. The same is feared that happened to part of the

1 300 people reported missing, consumed by the high
temperatures of the fire, fast, strong and lethal.

34
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What Is the acronym in English for the
Atlantic meridional thermohaline
circulation, which iIs at risk of
collapsing by the end of this century?

AMTC
ATC
AMOC
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What Is the acronym in English for the
Atlantic meridional thermohaline
circulation, which iIs at risk of
collapsing by the end of this century?

The AMOC is a circulation system that superficially transports, along

AMTC the Atlantic Ocean, waters heated at the level of the tropics to the
North Atlantic that sink, colder and denser, closer to the polar

ATC region. At the end of July, a study published in the journal Nature

AMOC Communications estimated that, between 2025 and 2095, in a

scenario where greenhouse gas emissions follow the current trend,
the AMOC will reach a point of no return, that is, it will enter
collapsing. But this conclusion is far from consensual.
https://www.nature.com/articles/s41467023-39810w

36
a Sofia G. Simdes, 2023 LNEG | NGNVET


https://www.nature.com/articles/s41467-023-39810-w

Which sports tournaments are being
Interrupted by climate activists In
protest against sponsors linked to
fossil industries?

Football
Tennis
Gymnastics

LNEG | NGRGT
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Which sports tournaments are being
Interrupted by climate activists In
protest against sponsors linked to
fossil industries?

Climate protesters disrupted two games at Wimbledon in July by
throwing orange duct tape mixed with puzzle pieces. In August, at

Football the Washington Open, the match between Taylor Fritz and Andy
Tennis Murray was interrupted when activists threw large tennis balls

_ with flames printed onto the court, unfurling banners in the
Gymnastlcs stands appealing to the tournament's sponsors, the Saudi

investment fund Mubadala and Citibank to stop funding the fossil
fuel industry.

38
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To close with some good news: the
first youth -led climate case to go to
trial in the US 0 with a decision in
favor of climate action 0 took place in
which US state?

Montana
New York
California
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To close with some good news: the
first youth -led climate case to go to
trial in the US 0 with a decision in
favor of climate action 0 took place in
which US state?

On Aug. 1%, Judge Kathy Seeley said the state of Montana is violating the

Montana rights of young people with policies that prohibit the state from considering

the effects of climate change when reviewing projects to extract coal, natural
New York gas and other fossil fuels. In the decision, Seeley agreed that Montana's
California greenhouse gas emissions proved to be "a substantial factor" in causing clima

impacts on Montana's environment, harming the young plaintiffs. The judge's
ruling marks a major victory for climate action and could influence similar case
across the country.

40
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The greenhouse effect and
greenhouse gases (GHG)

LNEG | NGRGT
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Natural Human Enhanced
Greenhouse Effect Greenhouse Effect

. More heat escapes
—— Less heat escapes
Tync_IaII gnd _Arrh(_emus. @ into space , into space
2 scientists identified

greenhouse effect and
gases i n 180/ (‘

http://css.snre.umich.edu/factsheets/climatehangescienceandimpactsfactsheet
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http://css.snre.umich.edu/factsheets/climate-change-science-and-impacts-factsheet

Earth and atmosphere global energy budget

Lolu radiation intercepted
0scaping solar
o W radiaion longwave radiation escaping 10 space

Schematic representation of the overall energy budget for the Earth and its atmosphere. Figures are global
annual averages expressed as a percentage of the rate per unit area at which solar radiation is intercepted
by the Earth; i.e. 100 units is equivalent to 342 W m™2,

In a balanced state, there is no net accumulation of energy in any part of the system, and no net loss.

So, what might cause the Earth‘s global mean surface temperature to change? Source: The Open University (read more here ) 43

& Sofia G. Simdes, 2023 LNEG | NGR@T Adapted from J. Seixas (2021)


https://www.open.edu/openlearn/nature-environment/climate-change/content-section-1.2.2

Radiative forcing

IPCC (1990) has used the concept of ‘radiative forcing' as a simple measure of the importance
of a potential climate change mechanism: any factor that disturbs the radiation balance at the
top of the atmosphere (100 km) has the potential to ‘force’ the global climate to change: it will
either warm up or cool down until a balance is restored.

The perturbation to the energy balance of the whole Earth-atmosphere system is called
radiative forcing and is given in the units W m=2.

Radiative forcing % Contribution
long-lived
co, 1.46 53
CH, 0.48 17
N,O 0.15 s
halocarbons 0.34 12
short-lived
tropospheric 0; 0.35 13
total 2.78 100

Source: The Open University (read more here )

& Sofia G. Simdes, 2023 LNEG | NGR@T Adapted from J. Seixas (2021)


https://www.open.edu/openlearn/nature-environment/climate-change/content-section-1.2.2

Dioxido de sy el
Carbono

CARBON DIOXIDE

Naﬁ:ndkvmmsmd N(A%
The Greenhouse Vapor de Agua s s ¥ X

gases (GHG)

In Portuguese
GEE Gases com
Efeito de Estufa

WATER VAPOR

Visit climatekids.nasa.gov
Visit climatekids.nasa.gov

This is water in gas form. High in
Made up of carbon and oxygen,

the atmosphere, it condenses back 0o oD L i : e
into liquid water and rains back on 'b: aroun f’b "‘“‘"‘l‘. y t m
. . S I . r
Earth. The water we drink is part 0 0 come : rom decaying and living
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CH4

Methane, made of carbon and

hydrogen, is a normal gas released Up in the atmosphere where the

from wetlands, growing rice, planes fly, the ozone layer blocks
raising cattle, using natural gas,

and mining coal.

the sun’s radiation, which helps
protect us from the powerful rays.
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