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If you need to discuss topics related to the course, including 
the assignment, I am available on Fridays 10h-11h – send me 
an e-mail to book this slot at least 4 days before

Sofia G. Simões 
sofia.simoes@lneg.pt
sgcs@fct.unl.pt

Para discussão de assuntos relacionados com o seminário, 
incluindo o trabalho final, estou disponível às sextas 10h-11h 
– têm que enviar-me e-mail previamente (pelo menos 4 dias 
antes)

Às 5as feiras 12h-13h é dada aula complementar em Português 
(zoom) para quem tem mais dificuldades com o inglês

PROGRAM & RESOURCES @ 

https://moodle.fct.unl.pt/course/view.php?id=7450

mailto:sofia.simoes@lneg.pt
mailto:sgcs@fct.unl.pt


©Sofia G. Simões, 2022 LNEG | NOVA-FCT

4

Assignment
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Assignment | Suggestion of script for development:

v firstly, formulate (and detail) the problem as far as you are able;
v 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]
v envisage the activity up to 2030 [technological options | product change - green| change of
consumers | energy consumption profile | indicators of carbon intensity]
v systematize opportunities for the mitigation of the selected activities (identify needs of R & D, act
on consumption preferences, the product value chain, among others)
v 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 can not do it
within just one course); explore examples that already exist in other countries; be creative.
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Assignment | EVALUATION:

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 2030 taking into account the expectations of a 450 
ppm scenario (aggressive reduction of GHG emissions); [20]
3. Show knowledge 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]
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Assignment | How the work will be developed?

• Groups of 3 students (please send me an email with the group members until end 
of march)

• Coaching session to each group, on the work development (one class dedicated to 
this, end of May or early June maybe 3rd June??)

• Oral presentation: 30 min/group [15 min for oral presentation + 15 min Q&A] 2 July 
2022, friday, 14:00h, ICS (tbd)

• Deliverable: at the day before the oral presentation at maximum, students will 
send to Julia Seixas the presentation by email. 
• Presentation in pdf format: maximum 10 slides + word document with 3 pages at maximum 

(only if needed for complementary information).
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Assignment | GROUPS?

• Any groups?
• Some ideas so far

• Decentralisation of energy
• Agriculture’s carbon neutrality
• Fashion
• Energy supply in Lagos (check for example C40 and other major cities)
• Small scale retail?

• Common suggestion – try to narrow down the topic
• Question on date of 3rd june – some students not available – can we have a diferente date?
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 https://ourworldindata.org/energy

 Check your country primary energy 
consumption

 Check your country energy intensity evolution

Do it for next class
 Paraguay

 Portugal 

9

Hands on!

https://ourworldindata.org/energy
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 Carbon intensity 

 Global balance of CO2 emissions associated with energy and industrial processes & 
estimates of the Global Carbon Budget 

 Global Carbon Budget relationship to the global energy system and changes in land 
use

 Future scenarios for greenhouse gas emissions: RCPs (Representative 
Concentration Pathways)

 Global emissions based on consumption vs. production.

10

Outline
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 Carbon intensity
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Outline

https://fortune.com/2021/06/25/carbon-intensity-emissions-climate-change-paris-agreement/

https://fortune.com/2021/06/25/carbon-intensity-emissions-climate-change-paris-agreement/
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Carbon intensity

12

Outline

Total carbon emissions / total units of production (e.g.
tones cement or kWh electricity) 

Total carbon emission / total economic activity (GDP)

To deal with climate change and 
global warming we need to become 
less carbon intensive as a whole
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https://ourworldindata.org/e
nergy-key-charts

https://ourworldindata.org/energy-key-charts
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FOSSIL CO2 EMISSION INTENSITY

Global CO2 emissions growth has generally resumed quickly from financial  crises.
Emission intensity has steadily declined but not suff iciently to offset economic growth.

Economic  act iv i ty  i s  measured in  purchas ing  power  par i ty  (PPP)  terms  in  2010 US  do l lars .
Source:  CDIAC;  Peters  et  a l  2012 ;  F r ied l ingste in  et  a l  2019 ; G loba l  Carbon Budget  2019

https://energy.appstate.edu/research/work-areas/cdiac-appstate
http://dx.doi.org/10.1038/nclimate1783
https://doi.org/10.5194/essd-11-1783-2019
http://www.globalcarbonproject.org/carbonbudget/
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 Carbon intensity 

 Global balance of CO2 emissions associated with energy and industrial processes 
& estimates of the Global Carbon Budget 

 Global Carbon Budget relationship to the global energy system and changes in land 
use

 Future scenarios for greenhouse gas emissions: RCPs (Representative 
Concentration Pathways)

 Global emissions based on consumption vs. production.

15

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

http://css.snre.umich.edu/factsheets/climate-change-science-and-impacts-factsheet
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https://www.globalcarbonproject.org/carbonbudget/21/highlights.htm

“Global fossil CO2 emissions in 2021 are set to rebound close to their pre-COVID levels 

after an unprecedented drop in 2020. Emissions from coal and gas use are set to grow more 

in 2021 than they fell in 2020, but emissions from oil use remain below 2019 levels.

The record decrease in 2020 emissions was 1.9 billion tonnes of CO2 (GtCO2) [-5.4%], 

from 36.7 GtCO2 in 2019 to 34.8 GtCO2 in 2020. Emissions are projected to grow 4.9% (4.1% 

to 5.7%) in 2021, to 36.4 GtCO2. Global emissions in 2021 remain about 0.8% below their 

level in 2019. The 2021 growth of 1.6 GtCO2 is similar to the growth observed in 2010 

following the global financial crisis of 2008-2009 (1.7 GtCO2; 5.5% above 2009 levels).”

https://www.globalcarbonproject.org/carbonbudget/21/highlights.htm
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More information, data sources and data files: 
http://www.globalcarbonproject.org/carbonbudget

Contact: Pep.Canadell@csiro.au

More information, data sources and data files: 
www.globalcarbonatlas.org

(co-funded in part by BNP Paribas Foundation)

Contact: philippe.ciais@lsce.ipsl.fr

http://www.globalcarbonproject.org/carbonbudget
mailto:Pep.Canadell@csiro.au
http://www.globalcarbonatlas.org/
mailto:philippe.ciais@lsce.ipsl.fr
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All the data is shown in billion tonnes CO2 (GtCO2)

1 Gigatonne (Gt) = 1 billion tonnes = 1×1015g = 1 Petagram (Pg)

1 kg carbon (C) = 3.664 kg carbon dioxide (CO2)

1 GtC = 3.664 billion tonnes CO2 = 3.664 GtCO2

(Figures in units of GtC and GtCO2 are available from http://globalcarbonbudget.org/carbonbudget) 

Most figures in this presentation are available for download as PNG, PDF and SVG files
from tinyurl.com/GCB21figs along with the data required to produce them.

Disclaimer
The Global Carbon Budget and the information presented here are intended for those interested in 

learning about the carbon cycle, and how human activities are changing it. The information contained 
herein is provided as a public service, with the understanding that the Global Carbon Project team make 

no warranties, either expressed or implied, concerning the accuracy, completeness, reliability, or suitability 
of the information.

http://globalcarbonbudget.org/carbonbudget
https://tinyurl.com/GCB21figs
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Perturbation of the global carbon cycle caused by anthropogenic activities,
global annual average for the decade 2011 –2020 (GtCO2/yr)

T h e  b u d g e t  i m b a l a n c e  i s  t h e  d i f f e r e n c e  b e t w e e n  t h e  e s t i m a t e d  e m i s s i o n s  a n d  s i n k s .  
S o u r c e :  N O A A - E S R L ;  F r i e d l i n g s t e i n  e t  a l  2 0 2 1 ; C a n a d e l l  e t  a l  2 0 2 1  ( I P C C  A R 6  W G 1  C h a p t e r  5 ) ; G l o b a l  C a r b o n  P r o j e c t  2 0 2 1

https://www.globalcarbonproject.org/carbonbudget/21/presentation.htm
http://www.esrl.noaa.gov/gmd/ccgg/trends/
https://essd.copernicus.org/preprints/essd-2021-386/
https://www.ipcc.ch/report/ar6/wg1/
http://www.globalcarbonproject.org/carbonbudget/


1. Greenhouse effectCO2 concentration evolution (proxy – ice cores)

Reference: Atmospheric Infrared Sounder (AIRS).
See the animation: 
http://climate.nasa.gov/vital-signs/carbon-dioxide/



1. Greenhouse effectCO2 concentration evolution in 20 years - measurement

https://climate.nasa.gov/vital-signs/carbon-dioxide/

https://climate.nasa.gov/vital-signs/carbon-dioxide/
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Global fossil CO2 emissions: 34.8 ± 2 GtCO2 in 2020, 53% over 1990
Projection for 2021: 36.4 ± 2 GtCO2, 4.9% [4.1%–5.7%] higher than 2020

The 2021 projection is based on preliminary data and modelling.
Source: Friedlingstein et al 2021; Global Carbon Project 2021

Uncertainty is ±5% for 
one standard deviation 

(IPCC “likely” range)

https://www.globalcarbonproject.org/carbonbudget/21/presentation.htm

https://essd.copernicus.org/preprints/essd-2021-386/
http://www.globalcarbonproject.org/carbonbudget/
https://www.globalcarbonproject.org/carbonbudget/21/presentation.htm
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TOP EMITTERS: FOSSIL CO2 EMISSIONS

The top six emitters in 2020 covered 66% of global emissions
China 31%, United States 14%, EU27 7%, India 7%, Russia 5%, and Japan 3%

International  aviat ion and marit ime shipping (bunker fuels)  contributed 2.9% of  global  emissions in 2020.
Source:  Friedl ingstein et  al  2021; Global  Carbon Project  2021

https://essd.copernicus.org/preprints/essd-2021-386/
http://www.globalcarbonproject.org/carbonbudget/
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TOP EMITTERS: FOSSIL CO2 EMISSIONS PER CAPITA

Countries have a broad range of per capita emissions reflecting their national 
circumstances

Source:  F r ied l ingste in  et  a l  2021 ; Globa l  Carbon Pro ject  2021

https://essd.copernicus.org/preprints/essd-2021-386/
http://www.globalcarbonproject.org/carbonbudget/
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FOSSIL CO2 EMISSIONS PER CAPITA

The 10 most populous countries span a wide range of development and emissions per capita

Emiss ion  per  cap i ta :  Foss i l  CO 2 emiss ions  d iv ided by  populat ion
Source:  G loba l  Carbon Budget  2019

http://www.globalcarbonproject.org/carbonbudget/


1. Greenhouse effectNatural gas and oil now drive global emissions growth

https://www.globalcarbonproject.org/global/images/carbonbudget/Infographic_Emissions2019.pdf

Deforestation fires
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https://ourworldindata.org/energy

Transport represent 20% emissions 
in 2014, as industry

50% emissions originate from 
electricity generation and heat 
production

https://ourworldindata.org/energy
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Global emissions in 2020 dropped across all categories.
In 2021 coal and natural gas have more than recovered this loss, 
while oil still lags with from subdued transportation.
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TOTAL GLOBAL EMISSIONS

Total global emissions: 42.1 ± 2.8 GtCO2 in 2018, 55% over 1990
Percentage land-use change: 39% in 1960, 14% averaged 2009 –2018

Land-use  change  est imates  f rom two bookkeeping models ,  us ing  f i re -based var iab i l i ty  f rom 1997
Source:  CDIAC;  Houghton and N ass ikas  2017 ;  Hans i s  et  a l  2015 ;  van  der  Werf  et  a l .  2017 ;  

F r ied l ingste in  et  a l  2019 ; G loba l  Carbon Budget  2019

https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://dx.doi.org/10.1002/2016GB005546
http://dx.doi.org/10.1002/2014GB004997
https://doi.org/10.5194/acp-10-11707-2010
https://doi.org/10.5194/essd-11-1783-2019
http://www.globalcarbonproject.org/carbonbudget/
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 Carbon intensity 

 Global balance of CO2 emissions associated with energy and industrial processes & 
estimates of the Global Carbon Budget 

 Global Carbon Budget relationship to the global energy system and changes in land 
use

 Future scenarios for greenhouse gas emissions: RCPs (Representative 
Concentration Pathways)

 Global emissions based on consumption vs. production.

31

Outline
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Where are we heading…

https://www.ipcc.ch/sr15/chapter/spm/

IPCC SPECIAL REPORT: GLOBAL WARMING OF 1.5 ºC
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https://ourworldindata.org/energy
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SHARED SOCIOECONOMIC PATHWAYS ( SSPS)

The SSPs lead to a broad range in baselines (grey), with more aggressive mit igation leading to lower 
temperature outcomes.

The bold l ines are scenarios that  wi l l  be analysed in CMIP6 and the results assessed in the IPCC AR6 process.

This set of quantified SSPs are based on the output of six Integrated Assessment Models (AIM/CGE, GCAM, IMAGE, 
MESSAGE, REMIND, WITCH). Net emissions include those from land-use change and bioenergy with CCS.

Source: Riahi et al. 2016; Rogelj et al. 2018; IIASA SSP Database; IAMC; Global Carbon Budget 2019

http://dx.doi.org/10.1016/j.gloenvcha.2016.05.009
https://www.nature.com/articles/s41558-018-0091-3
https://tntcat.iiasa.ac.at/SspDb/dsd?Action=htmlpage&page=welcome
http://www.globalchange.umd.edu/iamc/
http://www.globalcarbonproject.org/carbonbudget/
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“The RCPs set pathways for greenhouse gas 
concentrations and, effectively, the amount of warming 
that could occur by the end of the century. Whereas the 
SSPs set the stage on which reductions in emissions will 
– or will not – be achieved.”

https://www.carbonbrief.org/explainer-how-shared-socioeconomic-pathways-explore-future-climate-
change#:~:text=The%20RCPs%20set%20pathways%20for,or%20will%20not%20%E2%80%93%20be%20achieved. 

“Shared Socioeconomic Pathways” (SSPs)
• how socioeconomic factors may change till 2100 

(population, economic growth, education, urbanization 
and technological development

• 5 different ways in which the world might evolve in the 
absence of climate policy 

• how different levels of climate change mitigation could 
be achieved when the mitigation targets of RCPs are 
combined with the SSPs.

“Representative Concentration Pathways” (RCPs)
• different levels of greenhouse gases and 

other radiative forcings that might occur in the 
future

• 4 RCPs corresponding to radiative forcing up to 
2100: 2.6, 4.5, 6.0, and 8.5 watts/m2

• RCPs do not include any socioeconomic 
“narratives” to go alongside them.

https://www.carbonbrief.org/explainer-how-shared-socioeconomic-pathways-explore-future-climate-change#:~:text=The%20RCPs%20set%20pathways%20for,or%20will%20not%20%E2%80%93%20be%20achieved
https://www.sciencedirect.com/science/article/pii/S0959378016300681
https://www.skepticalscience.com/rcp.php
https://www.carbonbrief.org/qa-how-do-climate-models-work#inout
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37https://www.lmwindpower.com/en/sustainability/go-carbon-neutral
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 Carbon intensity 

 Global balance of CO2 emissions associated with energy and industrial processes & 
estimates of the Global Carbon Budget 

 Global Carbon Budget relationship to the global energy system and changes in land 
use

 Future scenarios for greenhouse gas emissions: RCPs (Representative 
Concentration Pathways) and SSPs

 Global emissions based on consumption vs. production.

38

Outline
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MAJOR CARBON FLOWS FROM PRODUCTION TO CONSUMPTION

Flows from location of generation of emissions to location of
consumption of goods and services

Values  for  2011.  EU i s  t reated as  one  reg ion.  Uni ts :  MtCO 2

Source:  Peters  et  a l  2012

http://www.biogeosciences.net/9/3247/2012/bg-9-3247-2012.html


©Sofia G. Simões, 2022 LNEG | NOVA-FCT

CONSUMPTION-BASED EMISSIONS (CARBON FOOTPRINT)

Allocating fossi l  CO 2 emissions to consumption provides an alternative perspective.
USA and EU28 are net importers of embodied emissions, China and India are net exporters.

Consumpt ion -based emiss ions  are  ca lcu lated  by  ad just ing  the  
standard  product ion -based emiss ions  to  account  for  internat iona l  t rade

Source:  Peters  et  a l  2011 ; Fr ied l ingste in  et  a l  2021 ; Globa l  Carbon Pro ject  2019

http://www.pnas.org/content/108/21/8903
https://essd.copernicus.org/preprints/essd-2021-386/
http://www.globalcarbonproject.org/
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Key information you should 
have apprehended after the 
class
▪ Carbon intensity concept

▪ Different sources and sinks of CO2 in the atmosphere

▪ Anthropogenic emissions and their relevance for global 
warming

▪ Evolution of CO2 emissions and importance of energy 
related emissions for global warming

▪ Main polluting countries and economic sectors (in 
absolute terms), relevance of CO2 per capita emissions 

▪ Direct emissions versus implicit emissions from 
imported products with a high carbon footprint

▪ Concept of carbon neutrality

▪ Concept of greenhouse gas emission scenarios and 
associated uncertainty
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