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Despite awareness, 

greenhouse gas emissions increases

32 Gt

50 Gt

0
1990 2019

The primary energy consumption in-
creases continuously in the world. We
reached 14000 millions tonne of oil
equivalent (Mtoe) in 2019, despite the ef-
forts to slow down this progress, we can-
not see any change in the slope.

Except during crises

2008 2020

32 Gt

50 Gt

0
1990 2019

Due to lockdown, the primary energy
consumption in 2020 decreased.

With some hope...

2008 2020

2050

32 Gt

50 Gt

0
1990 2019

We had some hope for the decrease of
CO2 emissions.
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...a short-lived one

2008 2020

Is there a world after?


1.2°C increase


carbon budget 400 Gt

to stay below 1.5°C (50%)

32 Gt

50 Gt

0
1990 2019

But the hope was short-lived.

Belgium emissions are going down

but not for the good reasons

The CO2 emissions in Belgium de-
creases butmostly because of the crises
and in the industry.

Careful the imported CO2

g = G/P is per-capita GDP, e = E/G is energy intensity of world
GDP, f= F/E is carbon intensity of energy consumption, and h=
F/G is carbon intensity of worldGDP.Where denoted by subscript
r, these terms have been disaggregated into countries/regions
whose sum equals the world total. We also apply the intensity
relationships in assessing traded goods and their embodied emis-
sions or energy and denote these instances with subscript t.
Our analysis includes F derived from the combustion of fossil

fuels, omitting emissions from the oxidation of nonfuel hydro-
carbons, transport fuel from international “bunkers,” and non-
CO2 greenhouse gases (SI Text). In comparison, E includes all
“commercial” primary energy: fossil fuels, nuclear, and renew-
ables (hydro, solar, wind, geothermal, and biomass) (SI Text).
GDP and the trade flows in this study are defined and measured
using market exchange rates. Adjusting to purchasing power
parity would reduce the apparent wealth gap between developed
and developing countries as well as er and hr in poorer countries/
regions, but would not affect our qualitative conclusions.

Results
Because the most current database available with adequate sec-
toral resolution describes the state of the world in 2004, all results
apply to the year 2004. Furthermore, we will use the term “coun-
tries” to describe the spatial disaggregation of this data, recog-
nizing that we use this term loosely to refer also to some collections
of related countries with relatively small economies that are
combined in the original database, as described in the SI Text.

Emissions Embodied in Trade. Approximately 6.2 gigatonnes (Gt)
of CO2, 23% of all CO2 emissions from fossil-fuel burning (F),
were emitted during the production of goods that were ulti-
mately consumed in a different country. Where exported from
emerging markets to developed countries, these emissions rein-
force the already large global disparity in per-capita emissions
and reveal the incompleteness of regional efforts to decarbonize.
The 10 countries and Middle East region highlighted in Fig. 1

are the largest net exporters (blue) and importers (red) of EET,
together accounting for 71% of the total difference in regional
emissions FCr instead of FPr in 2004. In other countries, the bal-
ance of EET is close to zero, although gross flows are sometimes
large (Table S1 and Fig. S1). For example, in Australia, Canada,
South Korea, and Taiwan, both EEI and EEE are on the order of
100 megatonnes (Mt) CO2.
Superimposed vectors in Fig. 1 represent the largest interre-

gional fluxes of EET (≥10 Mt CO2 y−1). The dominant global
feature is the export of emissions embodied in goods from China
to consumers in the United States, Japan, and Western Europe.
In China alone, 1.4 Gt of CO2 emissions were linked to con-
sumption in other countries/regions.

The balance of EET for the top net importers/exporters is
presented in Fig. 2, along with some detail of the industry sectors
accounting for traded emissions. The prodigious imbalance in
China’s EET is obtained through exports of machinery (134 Mt
CO2), electronics (117 Mt), apparel (80 Mt), textiles (37 Mt),
chemical, rubber, and plastic products (44 Mt), and large exports
of intermediate goods (787 Mt). Comparatively modest emissions
imported to China are dominated by machinery (32 Mt) and
electronics (9 Mt). Chemicals, rubber, and plastics, along with
petroleum products make up the largest component of emissions
exported from Russia (20 Mt) and the Middle East (28 Mt),
whereas imported machinery offset 12 and 20 Mt, respectively.*
Unclassified manufactured products represent more exports from
India than any other sector (25 Mt). In South Africa, substantial
emissions are embodied in exported machinery (4 Mt) and motor
vehicles and parts (4 Mt).
Emissions imported to the United States exceed those of any

other country or region, primarily embodied inmachinery (91Mt),
electronics (77 Mt), motor vehicles and parts (75 Mt), chemical,
rubber, and plastic products (52 Mt), unclassified manufactured
products (52 Mt), wearing apparel (42 Mt), and intermediate
goods (654 Mt). These imports are offset by considerable US
exports of transport services (49 Mt CO2), machinery (42 Mt),
electronics (26 Mt), chemical, rubber, and plastics products (25
Mt), motor vehicles (22 Mt), and intermediate goods (263 Mt).
The balance of trade is similar inWestern Europe and Japan, with
substantial emissions imported in each case to meet demand for
apparel, electronics, chemicals, machinery, and transport services.
Emissions embodied in exports from the motor vehicles and parts
sector of Japan and Germany are also significant: 28 and 39
Mt, respectively.

Carbon Intensity of Trade. The carbon intensity of trade (in kg CO2
per US$ of imports or exports in Fig. 3 and Fig. S2) is the product
of the CO2 emissions per unit energy (ft) and energy con-
sumption per US$ of trade (et). The high carbon intensity of
exports from emerging markets such as China, Russia, and India
thus reflects both the prevalence of carbon-intensive fuels such as
coal in these countries as well as the low value of energy-intensive
exports. In contrast, exports fromWestern Europe and Japan are
more highly valued per unit of energy required to produce them,

Fig. 1. Largest interregional fluxes of emis-
sions embodied in trade (Mt CO2 y−1) from
dominant net exporting countries (blue) to
the dominant net importing countries (red).
Fluxes to and from Western Europe are
aggregated to include the United Kingdom,
France, Germany, Switzerland, Italy, Spain,
Luxembourg, The Netherlands, and Sweden.

*Note that carbon embodied in exports of petroleum products does not include the
carbon physically contained in the products, but only the emissions required to produce
and transport them. The carbon contained in these fossil fuels would appear in the
inventory of production emissions of the country where the CO2 is released to the
atmosphere. That CO2 emission would be assigned to the inventory of consumption
emissions of the country where the goods or services produced by those emissions
was consumed.

5688 | www.pnas.org/cgi/doi/10.1073/pnas.0906974107 Davis and Caldeira

Official statistics

10 t/(person year)

With import

+/- 15 t/(person year)

Sustainability:

2 t/(person year)

But we need to be careful because in-
stead of producing in Belgium we im-
port from outside and our apparent de-
crease is more than compensated by
CO2 crossing our border.
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A bit more than 20% of our electricity 

is produced from renewable sources

Electricity ~80 TWh

Nuclear ~30-40 TWh

Wind 13 TWh

Sun 5 TWh

Natural gas ~25-30 TWh

Others

A bit more than 20% of our electricity 

is produced from renewable sources

Electricity ~80 TWh

Renewables 18 TWh

But electricity is only 20% 

of our energy consumption

All energy 400 TWh

Electricity ~80 TWh

Renewables 18 TWh
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But electricity is only 20% 

of our energy consumption

All energy 400 TWh

fossil fuels

Energy consumption

building, transport, industry

Building: heating, cooling, electricity

Transport:

Industry: manufacturing, construction, ...

60% by car 

20% remaining on road

15% air

Each around one third of the final energy

There are mainly three types of end use:
building (mostly thermal comfort), trans-
port (mostly cars), and industry (mostly
steel and construction).

A long way to get to the potential

and this will not be for 100% 

Maximum potential in Belgium:

around 1/3 of our consumption

PV panels multiplied by 12

Wind (on- and offshore) multiplied by 4

About 100 billions euros for capacity

(but how much for infrastructure when nimby?)
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Most of our energy will still be imported 
in various forms

Similarly to today (natural gas and oil)

we will import a lot of energy 

Electricity through interconnection,

but also e-fuels by boat and pipeline

Around 2/3 of our consumption

if demand does not change

Only 20-30 TWh for the moment is im-
ported through electricity and intercon-
nection will su�er a lot from the ex-
changes due to renewables.

In Europe, we have the potential

but it is not evenly distributed

source: Pickering et al., 2022
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We cannot look at the problem

independently in each sector

We need a systemic view to properly

understand the issue

We need to include air quality, biodiversity 

employment, traffic, happiness 

Energy has many forms

The Doughnut of social and plan-
etary boundaries - Kate Raworth
(https://www.kateraworth.com/doughnut/)

Nothing beats an electric vehicles

when considering tank-to-wheel

High efficiency of the electric motor

low CO2 even with electricity production

Direct use of the renewable energy

without further conversion

Good for air quality
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But electric vehicles 

are not the only solution

Since we will import a lot of energy carriers

it makes sense to use them directly

We will have issues of electricity storage

the system needs to be robust

Currently, life cycle analysis is questionnable

and trend towards big electric SUV

The shift project advocate for a tax on the
weight of the vehicle and a limitation to
50 kWh batteries.

Electric cars are growing fast

but will they keep the pace?

2015 2035
2M

250M
Ambitious goals to

meet Paris agreement

Estimates from OEM

IEA Reference

Technology Scenario

The market of electric vehicles is grow-
ing fast. According to the latest IEA
world energy outlook, these are poten-
tial growth scenarios, from conservative
to ambitious goals.

1960 2012 2035

125

1000

2000

Millions of cars

source: Stacy et al., 2014

Piston engine is a well known technology

proven to scale on a large market

Difference covered by

fuel operated cars

When placing this impressive growth in
the overall market of cars, there is still
a huge gap that will be covered by fuel
operated cars. This is also perhaps the
�rst key element, internal combustion
engine has proven to scale.
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What will happen next?

150

400

650

900

2004 2007.5 2011 2014.5 2018

US

Cars per 1000 persons

800

600

20

220

EU

China

201820142004

The trend in countries like China explains
how scary the global trend is.

Power-to-fuel is not only 

hydrogen and fuel cells

Power-to-fuel often with fuel cells

but not the only solution

Internal Combustion Engine

(could) work well with all these fuels

This route could potentially make 

more sustainable transport

With or without CO2, 

fuels can be produced

électricité vent

chaleur gaz naturel

solaire biogaz

 hydrogène Ammoniac

 méthanol

électricité vent

chaleur gaz naturel

solaire biogaz

 hydrogène Ammoniac

 méthanol

électricité vent

chaleur gaz naturel

solaire biogaz

 hydrogène Ammoniac

 méthanol

électricité vent

chaleur gaz naturel

solaire biogaz

 hydrogène Ammoniac

 méthanol

gas

CO2

gas

liq

liq

électricité vent

chaleur gaz naturel

solaire biogaz

 hydrogène Ammoniac

 méthanol

Ammonia

Methane

Methanol

CO2

HydrogenElectricity

When storing electricity into fuels. Sev-
eral options are available. The �rst step
is generally water splitting and the pro-
duction of hydrogen in an electrolyser.
WhennoCO2 is available, we canuse the
nitrogen from air and produce ammonia
(NH3).
When CO2 is available, we can fur-
ther convert hydrogen into methane or
methanol.
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Another example for renewable hydrogen:

Hydrotreated Vegetable Oil

Biomass

Transesterification Hydrotreatment HydrogenMethanol

“Green Diesel”Biodiesel high LHV

no oxygen

paraffin 

PropaneGlycerol more valuable 

than glycerol

Another example for renewable hydrogen:

Hydrotreated Vegetable Oil

Biomass

Transesterification Hydrotreatment HydrogenMethanol

“Green Diesel”Biodiesel high LHV

no oxygen

paraffin 

PropaneGlycerol more valuable 

than glycerol

Electrolysis

Arable land (FAO) 1.6 109 ha

Biofuels net production x    1 toe/ha

Potential production 1.6 109 toe

Transport consumption   ÷  3 109 toe

50+ %

It is all about potential production

50% of the vehicles are still running 

but we don’t eat anymore

As much as quantity is important—�rst
law of thermodynamics—quality also
matters—second law of thermodynam-
ics.
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Transition requires a lot of raw materials

See report on critical materials from the
IEA.

Transition requires a lot of raw materials

Lot of raw materials in a few hands
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Some critical raw materials 

will have have a gap

Caution: typical lead time = 10 years

Here is your question

Is it the end of our civilisation?

Wish to be the first one

It is an opportunity to be the first

to sustainably succeed

The cost of going through planetary limits

is dramatically bigger than short-term cost

Students wants green washing

true commitment to sustainability

sites.uclouvain.be/ingesentransition

Ingés en transition
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One example among many others:

end of salary cars

Anomaly of the Belgian fiscal system 

Skew the social practice of transport

Students do not care anymore 

Here is your question

Scope 3 is not someone else's problem


scope 1&2 scope 3

Focusing all effort on scope 1 (& 2)

will not solve the problem

There are many levers at your level

to decrease indirectly scope 3

the tree in front 

of the forest
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Combine technology and sobriety

*sobriety means controlled degrowth

Combine technology and sobriety*


Change the paradigm

Francesco Contino

UCLouvain

L'avenir énergétique 

une question de choix plus que de technologie

2050

objectif

Aujourd'hui
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Exergie

Regards croisés sur l'énergie 

sous toutes ses formes

Suggestions d'interview?

Podcast
Retrouver le podcast : https://www.
podcastics.com/podcast/exergie
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