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# DATE TOPIC PROF.

1 02/mar Sat 9h-11h

ENERGY & CLIMATE CHANGE: A COMPLEX RELATION, PERENE AND INTERDISCIPLINARY.

Framework and purpose of the course in the PDACPDS. Practicalities and seminar program. Basic concepts of 

the energy systems.

J. Seixas, 

FCT NOVA

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 

access; energy and carbon intensity. How GHG (greenhouse gases emissions) are estimated.

S. Simões

3 16/mar Sat 9h-11h

Global balance of CO 2 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://www.globalcarbonproject.org/) and its relationship to the global energy system and changes in land 

use. Future scenarios for GHG emissions: SSPs and RCPs. Global emissions based on consumption vs. 

production.

S. Simões

4
22/mar 

Friday
18h-20h

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

efficiency, green hydrogen, nuclear power, carbon capture & storage/utilisation, carbon removal. Behavioural 

mitigation options. Introduction to assignment.

S. Simões

5
05/apr 

Friday
14h-16h Drawdown - Multisector Climate Solutions

J.P. 

Gouveia

6
12/apr 

Friday
14h-16h

Renewables technologies: Renewable energy technologies. Energy security of endogenous vs. imported 

resources. Learning curves of renewable energy technologies. Definition and usefulness of LCOE. System value 

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?

S. Simões

7
19/apr 

Friday
14h-16h

Policy and economy of Climate Change:  Global framework to deal with climate change: UNFCCC, Paris 

Agreement. EU climate policy framework (FF55, REPowerEU, CBAM, etc.). Fundamentals of carbon and climate 

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

S. Simões

2
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8
03/may 

Friday
16h-18h

30min Mini-quizz in class (20% of final grade). EN-Roads simulation game: the transformation towards 

sustainability ñ interconnected challenges and solutions

students / 

S. Simões

9
10/may 

Friday
16h-18h

Resources and datasets on energy and GHG emissions : access to energy databases, Portuguese and 

European (PORDATA, DGEG, EUROSTAT). i) How to find and explore energy statistics and emissions of 

greenhouse gas (GHG) emissions for Europe and Portugal; ii) How to make energy conversions; iii) How to 

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.

S. Simões

10
17/may 

Friday
16h-18h

Energy systems modelling: most well known models and exemplary applications at different scales & 

Mentoring  with each students' group : discussion on the approach and methods adopted by the students, 

expected results to be obtained with the final work; assessing preliminary results, if any.

S. Simões

11
23/may 

Thursday
18h-20h

Business strategy for climate change:  Climate change risks for companies. Mitigation, adaptation and risk 

management in companies. GHG emissions inventories. Carbon footprint of products. Rationale and examples 

of carbon voluntary markets.

S. Simões

12
24/may 

Friday
18h-20h

Sustainable Cities and Buildings: concept, components and implications for the energy systems. Energy 

poverty and the energy transitions.

J.P. 

Gouveia

13
07/jun 

Friday
18h-20h Evaluation : assignment presentation by the students. Discussion in class (80% of final grade)

S. Simões 

/ J. Seixas
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If you need to discuss topics related to the course, including 
the assignment, I am available on Thursdays 10h-11h ς 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 quintas 10h-11h 
ςtêm que enviar-me e-mail previamente (pelo menos 4 dias 
antes)

PROGRAM & RESOURCES @ 

mailto:sofia.simoes@lneg.pt
mailto: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?
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Assignment | Suggestion of script for development:

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

Å  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]

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

consumers | energy consumption profile | indicators of carbon intensity]

Å systematize opportunities for the mitigation of the selected activities (identify needs of R & D, 

act on consumption preferences, the product value chain, among others)

Å 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.
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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 2040 taking into account  the expectations 

of a 450ppm 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?

ÅGroups of 3 students (please send me an email with the group members 

until end of march )

ÅCoaching session to each group, on the work development (one class 

dedicated to this, 17th may)

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

ÅDeliverable : at the day before the oral presentation at maximum (6th June 

23h59), students will send to Julia Seixas & Sofia Simões the presentation by 

email. 
Å 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 ( tb c)
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ÁHow GHG (greenhouse gases emissions) are estimated

ÁThe greenhouse effect and GHG emissions from fossil energy per 

sources and countries

Á Estimates of the Global Carbon Budget

Á Global emissions based on consumption vs. production

9

Outline
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How GHG (greenhouse gases 

emissions) are estimated
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First, lets just make clear we are all 

familiar with energy units
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International system of units (SI)

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

άƳŜǘŜǊΣ ƪƎΣ ǎŜŎƻƴŘέ

Slidedadaptedfrom informationkindlyprovidedbyJúlia Seixas (NOVA-FCT)

https://www.nist.gov/pml/fundamental-physical-constants
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Adapted from J. Seixas (2021)

Prefixes commonly used in energy and emissions

More on International Units Systems:
https://www.nist.gov/pml/weights-and-
measures/metric-si/si-units 

https://www.nist.gov/pml/weights-and-measures/metric-si/si-units
https://www.nist.gov/pml/weights-and-measures/metric-si/si-units
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https://www.nist.gov/pml/fundamental-physical-constants 

Slidedadaptedfrom informationkindlyprovidedbyJúlia Seixas (NOVA-FCT)

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


âSofia G. Simões, 2023 LNEG | NOVA-FCT

15

joule , symbol J, its the energy unit in the International 

System of Units (SI)

In principle this is the unit to use !

In SI units:

Where: kg is kilogram, m is meter, s is second

If you use 1 Joule to elevate one object 1 meter against 

earthõs gravity (9,8m/s2), that object is ê.

ê one apple (102gr) !

Slidedadaptedfrom informationkindlyprovidedbyJúlia Seixas (NOVA-FCT)
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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 = 

P t).

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 1ºC.

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 ºF..

1 British Thermal Unit (BTU) = 1055 J

1 BTU = 252 cal = 1.055 kJ

1 000 kWh = 3.41 million BTU

Slidedadaptedfrom informationkindlyprovidedbyJúlia Seixas (NOVA-FCT)
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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 informationkindlyprovidedbyJúlia Seixas (NOVA-FCT)
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Mass of fuel, energy content and heating value (lower/ higher) 

We can consider two ways of defining heating value: 
× Higher heating value (HHV in Portuguese PCS) 
×[ƻǿŜǊ IŜŀǘƛƴƎ ±ŀƭǳŜ ό[I± ƛƴ tƻǊǘǳƎǳŜǎŜ άpoder calorífico ƛƴŦŜǊƛƻǊέ ƻǊ tΦ/ΦLύ

Higher Heating Value (HHV): given 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 (LHV): only (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 there 
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. The heating value is a characteristic of each substance (i.e. the LHV of 
Argelian natural gas can be different from Russian natural gas). It is measured in units of energy per 
unit of generally mass or volume: kcal/kg, kJ/g, kJ/mol or Btu/m³.

Slidedadaptedfrom informationkindlyprovidedbyJúlia Seixas (NOVA-FCT)
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Estimating GHG emissions
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Mass of fuel, energy content and heating value (lower/ higher) 

Energy (GJ) = Consumption (t) * LHV (MJ/kg)

OR

Energy (GJ) = Consumption(Nm3) * LHV (MJ/ Nm3)

Note: Orimulsion is a registered trademark name for a bitumen-based fuel that was 
developed for industrial use by Intevep, the Research and DevelopmentAffiliateof 
Petroleosde Venezuela SA (PDVSA)

National Inventory Report, APA 2016
(http://www.apambiente.pt/_zdata/Inventario/NIR_global_20160415.pdf) 

Slidedadaptedfrom informationkindlyprovidedbyJúlia Seixas (NOVA-FCT)

This information is needed to estimate GHG emissions, since 
most times the emission factors are in GJ and not in tonnes!
Also, different fuels are reported in different units, for 
example tonnes of coal versus m3 of gas. We need to be able 
to convert them all to the same unit to compare their energy 
content and/or carbon intensity.

http://www.apambiente.pt/_zdata/Inventario/NIR_global_20160415.pdf
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Estimating GHG emissions ð energy combustion ð we use emission factors (EF)

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

* EF (emission factor) (gCO2/t or GJ) 

Emissions of CH4 (t CH4) = Energy consumption  (t or GJ) * EF (gCH4/t or GJ) 

Emissions of N2O (t N2O) = Energy consumption (t or GJ) * EF (gN2O/t or GJ)

National Inventory Report, APA 2016
(http://www.apambiente.pt/_zdata/Inventario/NIR_global_20160415.pdf) 

Slidedadaptedfrom informationkindlyprovidedbyJúlia Seixas (NOVA-FCT)

http://www.apambiente.pt/_zdata/Inventario/NIR_global_20160415.pdf
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What do you know about climate 

change?

https://www.publico.pt/quizz/interactivo/caos-climatico-verao-161 

Adaptedfrom the quizzfrom Público newspaper on July2023

https://www.publico.pt/quizz/interactivo/caos-climatico-verao-161
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It's confirmed: July 2023 was the 

hottest month on record. What was 

the average global temperature?

16.95 ºC

16.15 ºC

16.55 ºC
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It's confirmed: July 2023 was the 

hottest month on record. What was 

the average global temperature?

With an average of 16.95°C,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 
July from 1850 to 1900, when the Industrial Revolution began 
and humans began to emit greenhouse gases into the 
atmosphere. In June, with 16.55ºC, it was the first time that a 
monthly average exceeded the normal temperature by more 
than one degree Celsius.

16.95 ºC

16.15 ºC

16.55 ºC
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Portugal was spared the òfurnaceó 

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:

The Azores anticyclone meant that Portugal was, at the 
beginning of July, in the path of a transport from North to 
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 
Caronte, which carried a warm mass from North Africa..

Cerberus antyclone

Azores antyclone

Caronte antyclone
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With eyes on the East: which country 

decreed public holidays on the 2nd 

and 3rd of August because of the 

òunprecedented heató?

Iran

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 

òunprecedented heató?

Iran

India

China

At the end of July, many cities in southern Iran were 
experiencing days of exceptional heat, with temperatures 
exceeding 51 degrees Celsius in the southern city of Ahvaz, 
according to state media. Weeks earlier, Beijing was also in the 
news with temperatures above 35 degrees Celsius for the 28th 
consecutive day, a new record.
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òThe climate crisis may be a reality, 

but it cannot be an excuse.ó Who 

uttered this phrase?

French prime -minister Élisabeth Borne

Croatian prime -minister, Andrej Plenkovic

Greek prime -minister, Kiriakos  Mitsotakis
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òThe climate crisis may be a reality, 

but it cannot be an excuse.ó Who 

uttered this phrase?

French prime -minister Élisabeth Borne

Croatian prime -minister, Andrej 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 economic 
and social life", said the prime minister. Greek Minister, Kyriakos Mitsotakis, acknowledging that Greece needs to 
ǘŀƪŜ ƳƻǊŜ ƳŜŀǎǳǊŜǎ ǘƻ ŎƻƳōŀǘ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ ά¢ƘŜ ŎƭƛƳŀǘŜ ŎǊƛǎƛǎ Ƴŀȅ ōŜ ŀ ǊŜŀƭƛǘȅΣ ōǳǘ ƛǘ Ŏŀƴƴƻǘ ōŜ 
ŀƴ ŜȄŎǳǎŜέΣ ƘŜ ǎŀƛŘ ŀǘ ǘƘŜ ŜƴŘ ƻŦ WǳƭȅΦ ²ƘƛƭŜ ǎǳƳƳŜǊ ŦƛǊŜǎ ŀǊŜ ŎƻƳƳƻƴ ƛƴ DǊŜŜŎŜΣ ǎŎƛŜƴǘƛǎǘǎ ǎŀȅ ƘƛƎƘŜǊ 
temperatures and drier weather are turning the country into a climate change hotspot in the Mediterranean.
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UN Secretary -General António 

Guterres said it know is the start of a:

Global warming era

Pyrocene era

Global ebullition era
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UN Secretary -General António 

Guterres said it has started one:

Global warming era

Pyrocene era

Global ebullition era

In early August, the UN Secretary-General issued a stern warning 
ŀōƻǳǘ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΥ ά¢ƘŜ ŜǊŀ ƻŦ Ǝƭƻōŀƭ ǿŀǊƳƛƴƎ ƛǎ ƻǾŜǊΤ ǘƘŜ ŜǊŀ ƻŦ 
Ǝƭƻōŀƭ Ŝōǳƭƭƛǘƛƻƴ Ƙŀǎ ŀǊǊƛǾŜŘΦέ {ŎƛŜƴǘƛǎǘǎ ŀǊŜ ŘƛǾƛŘŜŘ ƻƴ ƛǘǎ ǳǎŜΥ ǎƻƳŜ 
stress that it is not a scientific term, others say it may be relevant. 
όάPyroceneέ ƛǎ ŀ ǘŜǊƳ ŎƻƛƴŜŘ ōȅ {ǘŜǇƘŜƴ WΦ tȅƴŜΦύ 
https://www.publico.pt/2023/05/21/ciencia/entrevista/stephen-j-
pyne-fogo-melhor-amigo-pior-inimigo-2050052 

https://www.publico.pt/2023/05/21/ciencia/entrevista/stephen-j-pyne-fogo-melhor-amigo-pior-inimigo-2050052
https://www.publico.pt/2023/05/21/ciencia/entrevista/stephen-j-pyne-fogo-melhor-amigo-pior-inimigo-2050052
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Which Hawaiian island was devastated 

by òapocalypticó fires on August 8th?

Maui

Kauai

Oahu
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Which Hawaiian island was devastated 

by òapocalypticó fires on August 8th?

Maui

Kauai

Oahu

On August 8th 2023, a huge fire broke out on the island of 
Maui, the second largest in Hawaii. Several neighborhoods 
were completely destroyed by fire and the western part of the 
ƛǎƭŀƴŘΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ǘƻǳǊƛǎǘ ŀǊŜŀ ƻŦ [ŀƘŀƛƴŀΣ ǿŀǎ ŀƭƳƻǎǘ ŜǊŀǎŜŘ 
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.
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What is the acronym in English for the 

Atlantic meridional thermohaline 

circulation, which is 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 is at risk of 

collapsing by the end of this century?

AMTC

ATC

AMOC

The AMOC is a circulation system that superficially transports, along 
the Atlantic Ocean, waters heated at the level of the tropics to the 
North Atlantic that sink, colder and denser, closer to the polar 
region. At the end of July, a study published in the journal Nature 
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/s41467-023-39810-w 

https://www.nature.com/articles/s41467-023-39810-w
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Which sports tournaments are being 

interrupted by climate activists in 

protest against sponsors linked to 

fossil industries?

Football

Tennis

Gymnastics
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Which sports tournaments are being 

interrupted by climate activists in 

protest against sponsors linked to 

fossil industries?

Football

Tennis

Gymnastics

Climate protesters disrupted two games at Wimbledon in July by 
throwing orange duct tape mixed with puzzle pieces. In August, at 
the Washington Open, the match between Taylor Fritz and Andy 
Murray was interrupted when activists threw large tennis balls 
with flames printed onto the court, unfurling banners in the 
stands appealing to the tournament's sponsors, the Saudi 
investment fund Mubadala and Citibank to stop funding the fossil 
fuel industry.



âSofia G. Simões, 2023 LNEG | NOVA-FCT

39

To close with some good news: the 

first youth -led climate case to go to 

trial in the US ð with a decision in 

favor of climate action ð 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 ð with a decision in 

favor of climate action ð took place in 

which US state?

Montana

New York

California

On Aug. 14th, Judge Kathy Seeley said the state of Montana is violating the 
rights of young people with policies that prohibit the state from considering 
the effects of climate change when reviewing projects to extract coal, natural 
gas and other fossil fuels. In the decision, Seeley agreed that Montana's 
greenhouse gas emissions proved to be "a substantial factor" in causing climate 
impacts on Montana's environment, harming the young plaintiffs. The judge's 
ruling marks a major victory for climate action and could influence similar cases 
across the country.
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The greenhouse effect and 

greenhouse gases (GHG)
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http://css.snre.umich.edu/factsheets/climate-change-science-and-impacts-factsheet

Tyndall and Arrhenius:

2 scientists identified 

greenhouse effect and 

gases in 1800õs

http://css.snre.umich.edu/factsheets/climate-change-science-and-impacts-factsheet
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Adapted from J. Seixas (2021)

Source: The Open University (read more here )

https://www.open.edu/openlearn/nature-environment/climate-change/content-section-1.2.2
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Adapted from J. Seixas (2021)

Source: The Open University (read more here )

Radiative forcing

https://www.open.edu/openlearn/nature-environment/climate-change/content-section-1.2.2
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https://climatekids.nasa.gov/greenhouse-cards/

The Greenhouse 

gases (GHG)

In Portuguese 

GEE Gases com 

Efeito  de Estufa

Vapor de Água

Dióxido  de 

Carbono

https://climatekids.nasa.gov/greenhouse-cards/


âSofia G. Simões, 2023 LNEG | NOVA-FCT

46
https://climatekids.nasa.gov/greenhouse-cards/

Metano Ozono

https://climatekids.nasa.gov/greenhouse-cards/
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https://climatekids.nasa.gov/greenhouse-cards/

Óxido  de azoto
Cluorofluorcarbonetos

https://climatekids.nasa.gov/greenhouse-cards/
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https://climatekids.nasa.gov/greenhouse-cards/

https://climatekids.nasa.gov/greenhouse-cards/

