Doutoramento em Alteracoes
Climaticas e Politicas de
Desenvolvimento Sustentavel

Class 3 | 25t March 2022 | Global energy and climate

Sofia G. Simoes

SEMINAR ENERGY & CLIMATE CHANGE o5, LﬂEC|
Climate Change and
Sustainable Development N.V/\ {s }cgnsgm

Policies il .



4 . o
11]- 16h-18h
11 . 11kh-13h
14
18h-10h
14h-16h

2julho, 14h

Session reserved for students meeting with the Scientific Committee on practical aspectscf the PhD Program, and . § : N‘VA
= = sttt Comissdo Cientffica

choiceof tutors, NOVA SCHOOL OF
SCIENCE & TECHNOLOGY

ENERGY & CLIMATE CHANGE: ACOMPLEX RELATIOMN, PERENE AMD | NTERDISCIPLI HARY.
Framework and purposa of the course inthe PDACPDS. Practicalitiesand seminar program. Basc conceptsofthe [ Seixas FCT NOVA

energy systems. /
Current state of the global energy system : main energy carriers, energy production and consum ption regions; encrgy 5, 5|moes
access conceptsof energy and carbon intensity.

Glebalbalance of 0O; emissions associated with energy and industrial processes. Estimatesof the Glokal Carbon
Budget (http: /fwww. globalcarbonproject. orgf) and its relationship to the globalenergy system and changes in land
use. Future scenarios for greenhouse gas emisions: RCPs|Representative Concentration Pathways). Globalemissions
based on consumption vs, production,

5. Simaes

Renewables: Economic, environmental and energy security of endogenous vs, impomed resources,
Renewable t2chnologies. Sustainability isswes related with renewables. Land & water use, criticalraw materils. 5. 5imes
Discussion: Where to olace 76'W of solar PV in Portu=al till 20307

Energy concepts: Primary ffinalenargy: Sankey diagrams: energy efficiency: Energy services: Energy carriers: Final

A T
energy supply cos curves; learning curves of energy technologies. Definition and usefulness of LCOE. System value 5. Simdes J0||a Seixas Soﬁa Sin]ées
of Renewables. Giobal renewables’ market.

mjs@fct.unl.pt \soﬁa.simoes@lneg.pt /

Green hydrogen: tec hnological oprions, costsand the role for a carbon neutral energy system P. Fortes, FCT NOWA

-

CARBOM PRICING. Regulatory framework inthe European Union: 2020 - 2080 targets. Fitfor 55, European low-

5. 5imoes
carbon Roadmap 2050, ParisAgreement, andits implications, .
Debate Como perspetivar o futuroda energia e alteracdes climdticas? Baseado no artigo 4n energy vision: the ! )/ A7
. . . . STUGENTS /5. SIMOes L}
transformation towards sustanabiity — nteronneded callenges and solvtion s \ \ / / oy
/
Hands-an energy data: accessto energy databases, Portuguwese and Eurcpean |PORDATADGEG, EUROSTAT). i) How 3 P ’, - ,'
to find and explore energy statistics and emissons of greenhowse gas (GHG) emissions for Europe and Portugal; i) How -
to make energy conversions; i) How to build ndicators and charts with added value; i) How to analyze economic 5. Simes Joéo Gouveia Patn’cia Fortes

sectors, andinterpret their performance intermsof energy consumption and greenhouse gas emissions,

jplg@fct.unl.pt p.fs@fct.unl.pt.pt

Integrated assessment of energy systems: The energy system addressed by the systems analysis approach. Howto
envisage the future energy system? | mplications for the decision making nthe medium and long term. Conceptand 5. Simbes
formubtionof cost-effectiveness withinthe integrated energy systems. Handson Climate Mitigation Simulation

Mentoring with each students’ group : discussion onthe approsch and methods adopted by the sudents, expected

results to be obtained with the finalwork; assessing preliminary results, if any. 5. Simoes
N®VA |} CeEnsE
"\
center for environmental
g‘gggcsfcg(l?EOCLHgZLOGY and sustainability research
Myaliagbes: apresentagio dos trabalhos pelos aluncs, 5. Simbes/ ). Seixas



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

Para discussao de assuntos relacionados com o seminario,
incluindo o trabalho final, estou disponivel as sextas 10h-11h
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Assignment

Challenge: Within the scope of your personal interests, select an economic activity:
Fashion | Communication | Food and Beveragel 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
20307

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 N.VA L C
SUStalnable Develop ent .’... L n Eq {t“ } Lm\lgorl]vwﬁ(gmm\lal
NOVA/SCPOOLOR and sustainabllity research
SCIENCE & TECHNOLOGY

Policies
©Sofia G. Simdes, 2022 LNEG | NOVA-FCT



Assighment |

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

s 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]

\/

s envisage the activity up to 2030 [technological options | product change - green| change of
consumers | energy consumption profile | indicators of carbon intensity]

\/

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

\/

* 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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Assighment |

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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Assighment |

e 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 3 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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Assighment |

* Any groups?
 Some ideas so far
* Decentralisation of energy
e Agriculture’s carbon neutrality
* Fashion
e 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

Climate Change and vo .
Sustainable Development '.J:: LnE(:[ ON.OOOVA {"?} CEﬂSE

Policies

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


https://ourworldindata.org/energy

® Carbon intensity

= Global balance of CO, 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.
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® Carbon intensity

Fu R T U N E RANKINGS v MAGAZINE  NEWSLETTERS PODCASTS MORE v SEARCH SIGN IN Subscribe Now

COMMENTARY - CLIMATE CHANGE

Reducing carbon emissions is important. But tackling
carbon intensity might be even more

BY MIGUEL JALLER AND H. SCOTT MATTHEWS
June 25, 2021 7:30 PM GMT

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

mCarbon intensity

Total carbon emissions / total units of production (e.g.
tones cement or KkWh 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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Carbon inlensily ol eleclricily per kWh, 2020 Our World

in Data

Carbon intensity measures the amount of greenhouse gases emitted per unit of electricity produced.
Here it is measured in grams of CO- per kilowatt-hour of electricity.

Europe
>
No data 10gCO- 50gCO0O: 200 gCO- 1,000 gCO:-
S J : : T nergy-key-charts
Source: Ember EU Power Sector 2020 OurWorldInData.org/energy « CCBY

Note: Data is currently only available for EU countries, plus the UK.
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GLOBAL CARBON
PROJECT

FOSSIL CO, EMISSION INTENSITY

Global CO, emissions growth has generally resumed quickly from financial crises.
Emission intensity has steadily declined but not sufficiently to offset economic growth.

Global CO, Emissions and Intensity

40 Gt - - 700 grams
CO, Global CO,/USD
financial
crisis
30 - ~ Asian - 600
financial
Dissolution of crisis
Soviet Union
S_ecc_m_d
20 | - Qil crjsis 500
Oil crisi
10 - - 400
0 - - 300
1960 1970 1980 1990 2000

Economic activity is measured in purchasing power parity (PPP) terms in 2010 US dollars.
Source: CDIAC; Peters et al 2012; Friedlingstein et al 2019; Global Carbon Budget 2019
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https://energy.appstate.edu/research/work-areas/cdiac-appstate
http://dx.doi.org/10.1038/nclimate1783
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http://www.globalcarbonproject.org/carbonbudget/

® Carbon intensity

= Global balance of CO, 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.
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Natural Human Enhanced
Greenhouse Effect Greenhouse Effect

Morg heat eacapes Less heat escapes
WIRE: SPA0e into space

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

“Global fossil CO, 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 CO, (GtCO,) [-5.4%)],
from 36.7 GtCO, in 2019 to 34.8 GtCO, in 2020. Emissions are projected to grow 4.9% (4.1%
to 5.7%) in 2021, to 36.4 GtCO,. Global emissions in 2021 remain about 0.8% below their
level in 2019. The 2021 growth of 1.6 GtCO, is similar to the growth observed in 2010
following the global financial crisis of 2008-2009 (1.7 GtCO,; 5.5% above 2009 levels).”

Climate Change and o 2
https://www.globalcarbonproject.org/carbonbudget/21/highlights.htm Sustainable Development :{: LﬂEC[ N®VA (<} CENSE
Policies SR,
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https://www.globalcarbonproject.org/carbonbudget/21/highlights.htm

GLOBALRCARBON
PROJECT

GLOBALYJCARBON
PROJECT

HOME | CARBON ATLAS | CARBON BUDGET | CH, BUDGET | N,0 BUDGET | RECCAP | URBANIZATION | SEARCH

Global Carbon Atlas

Global Carbon Budget A platform to explore and visualize the most up-to-date data on

Highlights carbon fluxes resulting from human activities and natural processes
About GCP The 'Carbon Budget 2021

is available in a compact

{5 Select Language ¥

Activities

Carbon v ; 3| update v format for the media.
e Budget 202] e o Country emissions @

Press Releases

Publications Explore and download global and
Press releases from country level CO, emissions from
Science Published 4 November 2021 various research human activity
Research Programs institutions that ; -
participated in this year's e . .
Carbon Neutral HIGHLIGHTS Governance update. b e,
. o 0'g
Heme Resaroes Publications Presentation Data » e .. .
Site Map Papers, Contributors = Powerpoint and figures ~Data sources, files and . L3
y m o o Carbon Story co,
Contact Us and how to cite on Budget 2021 uncertainties s ° ° .
Budget 2021 o0 also ‘Take a journey through the history
[ ° and future of human development

Infographics Images Visualisations G L o BA L o . and carbon
Infographics Images available for Visualisations of the CA R B o N Enter >

rting Budget di rb |
z:g;:o ing Budge media coverage carbon cycle ATLAS

Archive Data from previous carbon budgets

© GCP 2001-2021 Global Carbon Project info@globalcarbonproject.org Disclaimer

More information, data sources and data files:

www.globalcarbonatlas.org
(co-funded in part by BNP Paribas Foundation)

Contact: philippe.ciais@Isce.ipsl.fr

More information, data sources and data files:
http://www.globalcarbonproject.org/carbonbudget
Contact: Pep.Canadell@csiro.au
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GLOBAL CARBON
. PROJECT
N

All the data is shown in billion tonnes CO, (GtCO,)
1 Gigatonne (Gt) = 1 billion tonnes = 1x101°g = 1 Petagram (Pg)
1 kg carbon (C) = 3.664 kg carbon dioxide (CO,)

1 GtC = 3.664 billion tonnes CO, = 3.664 GtCO,

(Figures in units of GtC and GtCO, 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.
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N Perturbation of the global carbon cycle caused by anthropogenic activities,
CLoBAL T CASSeTY global annual average for the decade 2011-2020 (GtCO,/yr)

Fossil CO, AtmosphericCO Ocean
! +19
@
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' (9-12)
3
35
(33-37)
Vegetation 290
PY N— O e | Dissolved
Gas reserves " \_A 550 inorganic carbon
. Rivers . .
Permafrost . and lakes Organic carbon Marine
. @ Soil Coasts biota
Oil reserves olls = Surface
sediments
[ )

Coal reserves
Budget imbalance-1.0

The budget imbalance is the difference between the estimated emissions and sinks.
Source: NOAA-ESRL; Friedlingstein et al 2021; Canadell et al 2021 (IPCC AR6 WG1 Chapter 5); Global Carbon Project 2021

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

CO, concentration evolution (proxy — ice cores)

GLOBAL CLIMATE CHANGE

N

"
NAS
3¢z Vital Signs of the Planet

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

PROXY (INDIRECT) MEASUREMENTS

Data source: Reconstruction from ice cores.
Credit: NOAA
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CO, concentration evolution in 20 years - measurement

DIRECT MEASUREMENTS: 2005-PRESENT

.~ GLOBAL CLIMATE CHANGE
“-'_ﬁ Vital Signs of the Planet Data source: Monthly measurements (average seasonal cycle

removed). Credit: NOAA
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Global fossil CO, emissions: 34.8 + 2 GtCO, in 2020, 53% over 1990
Projection for 2021: 36.4 + 2 GtCO,, 4.9% [4.1%-5.7%] higher than 2020

@ Giobal Fossil CO, Emissions 5010-19
0.9%l/yr
38 Gt - T -
C 02 Projection 2021

36.4 Gt CO,

A 4.9% (4.1%—5.7%)

34 -
2000-09
+3.0%/yr « COVID-19
30 « Global eaﬁn“demic
financial P
1990-99 crisis
26 - +0.9%/yr ¥ 1.2%
22 |
* Dissolution of Uncertainty is £5% for
Soviet Union one standard deviation
GO S\ o o 18 L v3.1% | | | | | (IPCC “likely” range)
1990 1995 2000 2005 2010 2015 2021
projected

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

https://www.globalcarbonproject.org/carbonbudget/21/presentation.htm
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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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GLOBAL CARBON TOP EMITTERS: FOSSIL CO, EMISSIONS

PROJECT

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%

Annual Fossil CO, Emissions: Top Six Emitters Gt COz in 2020

M hirna 10 7 a 4
UINAa:- 1./ A

10 Gt

USA 4.7 w106

EU27 2.6 ¥ 10.9%
India 2.4 ¥ 7.3%

Russia 1.6 v 6.3%
Japan 1.0 v7.1%

0 . T T T T T T
1960 1970 1980 1990 2000 2010 2020

International aviation and maritime shipping (bunker fuels) contributed 2.9% of global emissions in 2020.
Source: Friedlingstein et al 2021; Global Carbon Project 2021
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\
GLOBAL CARBON TOP EMITTERS: FOSSIL CO, EMISSIONS PER CAPITA

PROJECT

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

Annual Fossil CO, Emissions: per capita (selected countries)
CO,

A
20 - 7’ v Ao »ﬂ'-"“'“"“"\\
N

—USA 14.2

tonnes/person in 2020

——Russia 10.8

.
)

o \ = _—Japan 8.1

- e China 7.4
—EU27 5.8
—World 4.5

—India 1.8

1960 1970 1980 1990 2000 2010 2020

«©@® Global Carbon Project

Source: Friedlingstein et al 2021: Global Carbon Project 2021
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oo FOSSIL CO, EMISSIONS PER CAPITA

GLOBAL CARBON
PROJECT

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

Fossil CO, Emissions Per Capita and Population

Top ten by population

16 1 CO,

12

World average
4.8 tonnes/capita

Indonesia Pakistan
/ Nigeria
l Bangladesh

pe
4 billion

European Union (28)

3

0
@® Global Carbon Project ¢ Data: CDIAC/UNFCCC/BP/USGS/UN e Data year: 2018

0
1 2

Emission per capita: Fossil CO, emissions divided by population
Source: Global Carbon Budget 2019
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Natural gas and oil now drive global emissions growth

Gas

GtCO /yr GtCO./yr
10 10 Electricity 10
Gas Qil & Heat
2019 _2019 Deforestation fires
3 projection projection 8
+2.6% +0.9% Coal
(+1.3 to +3.9) (+0.3to +1.6) 2019
projection
-0.9%
6 6 Road © (-2.0 t0 +0.2)
transport
4 4 Other 4
Electricity v
& Heat s
2 2 2 2
o"_'/‘mﬂ—“-’——’ﬂ‘ | oy
0"—‘_’/-'"‘\5
0 , 0. 0 0
199 017 199 18 ) 01
| ) DI |
Copyright:
GLOBAL CARBDON 1 *vwv
@MOM A B\t Il = &

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



Transport represent 20% emissions
in 2014, as industry

50% emissions originate from

electricity generation and heat
production

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

Carbon dioxide (CO2) emissions by sector or source, World

Share of carbon dioxide (CO-) emissions from fuel combustion by sector or source.
0,
100% —— Other sectors
Residential
buildings &
commercial and
public services
Manufacturing
——— industries &
construction

80%

60%

—— Transport

40%

Electricity and
heat production

20%

0%
1960 1970 1980 1990 2000 2010 2014
Source: International Energy Agency (IEA) via The World Bank OurWorldInData.org/co2-and-other-greenhouse-gas-emissions « CC BY

https://ourworldindata.org/energy
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GLOBAL CARBON

PROJECT 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.

37.0 Gt Changes in Global Fossil CO, Emissions

Coal

Cement

36.5

Gas

36.0

35.5

35.0

34.5
2019 2020 2021

projected
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cronaL{carabn TOTAL GLOBAL EMISSIONS

PROJECT

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

Annual CO, Emissions

40 Gt
Fossil carbon

Sl bae bl S it ade Lballiogl

Land-use
change

0

1960 1970 1980 1990 2000 2010 2018

Land-use change estimates from two bookkeeping models, using fire-based variability from 1997
Source: CDIAC; Houghton and Nassikas 2017; Hansis et al 2015; van der Werf et al. 2017;
Friedlingstein et al 2019; Global Carbon Budget 2019
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https://energy.appstate.edu/research/work-areas/cdiac-appstate
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https://doi.org/10.5194/acp-10-11707-2010
https://doi.org/10.5194/essd-11-1783-2019
http://www.globalcarbonproject.org/carbonbudget/

® Carbon intensity

= Global balance of CO, 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.
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Where are we heading...

Global warming relative to 1850-1900 (°C) IPCC SPECIAL REPORT: GLOBAL WARMING OF 1.5 °C

Observed monthly global
mean surface temperature

Estimated anthropogenic

leely range of modeled responses to stylized pathways
Glo emissions reach net zero in 2055w
not )2 radiative forcing is reduced after 2030 (greyinb,c&d
Faster COz reductions (blue in b & ¢) result in a higher
probability of limiting warming to 1.5

I No reduction of net non-CO: radiative forcing (purple in d)
results in a lower probability of limiting war .mn,a, to 1.5°C

https://www.ipcc.ch/sr15/chapter/spm/ 32



Modelling the Future

We use climate models to simulate how the climate
system will respond to a possible future scenario under
a specified concentration of greenhouse gases (GHGs)
in the atmosphere. In 2014, the United Nations
Intergovernmental Panel on Climate Change (IPCC)
selected four possible climate scenarios for modelling
and research. These Representative Concentration
Pathways, or RCPs, represent different possible climate
futures for our earth. Clim2Power uses two of these
scenarios for our research: RCP 4.5 and RCP 8.5.

Clim2Power
Fact Sheets

www.clim2power.com

Climate

Emissions in RCP 4.5 peak
around 2040, then decline

In RCP 8.5, emissions
continue rising throughout
the 21% century

Across all RCPs, global mean
temperature is projected to rise
by 0.3 to 4.8 °C by the late 21st

century due to an increase in
atmospheric greenhouse gas
emissions since the industrial era.

Climate Scenarios

plausible and often simplified
representations of the future climate
used for research and serving as input
for impact models

Climate Modelling

a simplified, mathematical way to
approximate reality, which we can use
to make climate projections

Climate Projections

simulated responses of the climate
system to a future climate scenario,
obtained using climate models

Representative Concentration
Pathways

pathways of plausible climate futures,
based on greenhouse gas concentrations
in the atmosphere
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Global greenhouse gas emissions scenarios

Potential future emissions pathways of global greenhouse gas emissions (measured in gigatonnes of carbon dioxide
equivalents) in the case of no climate policies, current implemented policies, national pledges within the Paris Agreement,
and 2°C and 1.5°C consistent pathways. High, median and low pathways represent ranges for a given scenario.
Temperature figures represent the estimated average global temperature increase from pre-industrial, by 2100.

160 Gt CO.e

140 Gt CO,e

120 Gt CO.e

100 Gt CO.e

80 Gt CO.e

60 Gt CO.e

40 Gt CO,e

20 Gt CO.e

0 Gt CO.e

Historic

2000 2020

Based on data from the Climate Action Tracker (CAT).
The data visualization is available at OurWorldinData.org. There you find research and more visualizations on this topic.

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

https://ourworldindata.org/energy

2040

2060

No climate policies
(4.1-4.8°C)

Current policies
(3.1-3.7°C)

(2.6-3.2°C) | AGREEMENT

SIGNING CEREMONY
—— 22 APRIL2016 ——

2°C pathways
1.5°C pathways
2080 2100

Licensed under CC-BY-SA by the authors Hannah Ritchie and Max Roser.

Pledges | i
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https://ourworldindata.org/energy

GLOBAL CARBON SHARED SOCIOECONOMIC PATHWAYS (SSPS)

PROJECT

The SSPs lead to a broad range in baselines (grey), with more aggressive mitigation leading to lower
temperature outcomes.
The bold lines are scenarios that will be analysed in CMIP6 and the results assessed in the IPCC AR6 process.

Global CO, Emissions from Energy & Industry

120 Gt ‘ /

Baseline (3.0-5.1°C)

6.0W/m2 (3.2-3.3°C)

4.5W/m2 (2.5-2.7°C)

— 3.4W/m2 (2.1-2.3°C)
— 2.6W/m2 (1.7-1.8°C)
=l 1.9Ww/mz(1.3-1.4°C)

net-negative global emissions —

-40 T I T I I T
1980 2000 2020 2040 2060 2080 2100

©@@®Global Carbon Project ¢ Data: Riahi et al (2017), Rogelj et al (2018), SSP Database (version 2)

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.
©Sofia G. Simdes, 2022 LNEG | NOVA-FCT  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/

“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.”

“Shared Socioeconomic Pathways” (SSPs) “Representative Concentration Pathways” (RCPs)

* how socioeconomic factors may change till 2100 e different levels of greenhouse gases and
(population, economic growth, education, urbanization other radiative forcings that might occur in the
and technological development future

e 5 different ways in which the world might evolve in the e 4 RCPs corresponding to radiative forcing up to
absence of climate policy 2100: 2.6, 4.5, 6.0, and 8.5 watts/m?

* how different levels of climate change mitigation could * RCPs do not include any socioeconomic
be achieved when the mitigation targets of RCPs are “narratives” to go alongside them.

combined with the SSPs.

https://www.carbonbrief.org/explainer-how-shared-socioeconomic-pathways-explore-future-climate-
changett:~:text=The%20RCPs%20set%20pathways%20for,or%20will%20n0ot%20%E2%80%93%20be%20achieved.
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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

OUR CARBON
FOOTPRINT
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©Sofia G. Simdes, 2022 LNEG | NOVA-FCT

https://www.Imwindpower.com/en/sustainability/go-carbon-neu
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® Carbon intensity

= Global balance of CO, 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.
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GLOBAL CARBON MAJOR CARBON FLOWS FROM PRODUCTION TO CONSUMPTION

PROJECT

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

2k ok
: ¥y ¢ :
> ” 3 ~

~ Net transfelrs (MtCO»)

exporters flows shown

-1000 =50 0 500 1000 in MtCO;

e I
importers L

Values for 2011. EU is treated as one region. Units: MtCO,
Source: Peters et al 2012
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http://www.biogeosciences.net/9/3247/2012/bg-9-3247-2012.html

GLOBAL ﬁ:ii’ADON CONSUMPTION-BASED EMISSIONS (CARBON FOOTPRINT)

PROJECT

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

Annual Territorial and Consumption Emissions

12 Gt
CO,
10 - China
8 -
6 - P
USA
Al = EU27
i India
2
O T T T T T T
1990 1995 2000 2005 2010 2015 2019

@® Global Carbon Project

Consumption-based emissions are calculated by adjusting the
standard production-based emissions to account for international trade
Source: Peters et al 2011; Friedlingstein et al 2021; Global Carbon Project 2019

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


http://www.pnas.org/content/108/21/8903
https://essd.copernicus.org/preprints/essd-2021-386/
http://www.globalcarbonproject.org/

Key information you should
have apprehended after the
class

= Carbon intensity concept
= Different sources and sinks of CO, in the atmosphere

= Anthropogenic emissions and their relevance for global
warming

= Evolution of CO, emissions and importance of energy
related emissions for global warming

= Main polluting countries and economic sectors (in
absolute terms), relevance of CO, 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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