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Climate Change
Introduction
If you haven’t had the time to read scientific papers about global warming, you may still think
that its causes are subject to debates between experts and that we should wait for more clarity
before committing ourselves to drastic measures. You may also think that this is something that
will be fixed through the current trend of initiatives around the world, and that anyway, if the
earth surface temperature increases by few degrees, well so be it. Here is why global warming is
a major cause of concern for humankind, why the speed at which initiatives are implemented
matters and what the future can look like in the next decades if we successfully implement
today’s available solutions.

Reality of Global Warming
One of the most striking impacts of global warming is
the acceleration of the melting of the cryosphere.
Global warming has a “snowballing” effect. As
earth’s temperature increases, ice on the planet is
thinning and lesser incoming solar radiation is
reflected into the atmosphere. More ice will then
melt, and reform more slowly, as shown in Figure 1,
releasing greenhouse gas that were trapped over
thousands of years. As the oceans are absorbing
most of the heat in the atmosphere, they are getting
warmer, thinning further the ice caps.
It is difficult to forecast the exact regional climatic
impacts of global warming. In the short term, some
regions may benefit from it and some will see
disastrous consequences. However, in the long term,
the net impact for human livelihood will be
overwhelmingly punishing.

Figure 1:
Late winter sea ice age coverage map 12-18 March 1985 (upper left) and
12-18 March 2019 (upper right). Bottom: Sea ice age percentage within the
Arctic Ocean region
Source : NOAA’s Artic Program

There will be more frequent and, with greater intensity, extreme weather events, such as
rainstorms, draught, typhoons, and heat waves. Precipitation patterns are expected to change as
moisture in the air will increase.
Since water expands when warmed and, as more
ice is melting, the sea level will rise. Large coastal
areas may disappear in a not so distant future,
compelling millions of people to find new
territories to occupy as shown in Figure 2. Land
available for agriculture will become scarcer, thus
putting another pressure on our societies.
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Figure 2:
Cities at risk from sea level rise
Source : C40 Cities

Climate Change
Reality of Global Warming Cont’d
What’s more, if the oceans are absorbing heat, they also absorb a lot of the CO2 from the
atmosphere and their composition is becoming more acidic at a fast rate – threatening marine
lives and destroying existing eco-systems.
Every 0.1°C increase matters. For example, it is assumed by IPCC that between 180 and 270
million people will be exposed to water scarcity in a +1.5°C compared to +2°C scenario. The
current environmental impacts are happening already with only a +0.9°C increase compared to
the temperature of the late 19th century.
The most vulnerable populations will be the first to feel the consequences of climate change.
And if we do not do anything soon to limit the increase of temperature, the environment will
become, in only a few decades from now, extremely hostile, and highly unpredictable.

What is Causing Global Warming?
There is today no longer any doubt that the
cause of global warming is human-made
CO2 emissions. The average surface
temperature on Earth is the consequence
of i) the quantity of the sun’s radiations
absorbed by the Earth and ii) the heat
energy the Earth’s surface emits, trapped
in the low atmosphere by the greenhouse
effect and reflected back to the surface.
To quote Gilles Rastein, the climate is
“dancing a four-steps waltz” and the main
Figure 4:
drivers of the evolution of our climate
The Slow Carbon Cycle.
Source: http://www.climate-changedepends on the timeframe considered. The
knowledge.org/carbon_cycle.html
first step is the billion-year timeframe,
where
timeframe,
where the main driver is the brightness of the sun increasing by 7% per billion years.
In few billions of years, the sun will become a red giant and life as it is known today will cease to
exist on our planet.
The second step is the dozens of millions of years timeframe where the slow carbon cycle
regulates the concentration of CO2 in the atmosphere. Chemical reactions - silicate weathering
which removes CO2 from the atmosphere - and tectonic plate – volcanic activity which emit CO2
– make sure that our climate never remains forever in an extreme state. This cycle is explained in
Figure 4.
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Climate Change
What is Causing Global Warming? Cont’d
The third step is the tens of thousands of years
timeframe with the Earth orbital changes, namely the
Earth’s position relative to the sun. The cycles, called
Milankovitch cycles, explain the variations in the
quantity of solar radiation reaching the Earth, as
shown in Figure 5. This theory is used to explain the
alternation between glacial and interglacial eras.
If we consider these three steps, we could ask
Figure 5:
ourselves whether the recent transitions of our
Milankovitch cycles
Source
: UCPA
climate can be explained by a complex combination
of these phenomena. Unfortunately – or perhaps fortunately (as it means it’s still possible to
act) – this is not the case.
What is extraordinary in the recent progression of the CO2 concentration in the atmosphere,
and the subsequent increase of the Earth’s temperature, is not the level that they are reaching,
but
but the speed at which these levels
are rising. The last time the CO2
concentration was higher than 300
ppm, was more than 300,000 years
ago, as indicated in Figure 6. As for
the 400ppm level (which has been
reached today), you probably need
to look at several millions of years
back.
Figure 6:
CO2 during ice ages and warm periods for the past 800,000 years
Source : NOAA Climate.gov

We have broken these records in less than 100 years, without any explicit immediate natural
cause – for example, Earth has not received more quantity of radiation from the sun in the last
50 years, as shown on Figure 7. There is now a consensus among scientists that, with a 95%
certainty, the human activities are solely
responsible for the temperature increase since
the beginning of the industrial era.
This leads us to see the fourth, final step of this
waltz, i.e. the century timeframe, where the
main driver is no longer a complex conjunction
of natural phenomena but the quantity of fossil
fuel we are burning to fuel the growth of our
societies, catalyzed by deforestation and
unplanned,
unsustainable
resource
consumption.
Figure 7:
Temperature vs Solar Activity
Source : NASA
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Climate Change
How to Fight Global Warming?
Reducing the CO2 concentration in the
atmosphere is the only way to fight global
warming.
Since earth’s temperature is correlated to
the CO2 concentration in the atmosphere,
it is possible to estimate the probability of
reaching a certain temperature level
depending on the accumulated amount of
CO2 emitted globally. This cumulated
Figure 8:
amount is called the Carbon Budget. As
Carbon Budget with 2016 CO2 emissions
Source : Carbon Brief
can be seen in Figure 8, taking the 2016
emissions level of around 36Gt/y, there are around 25 years left for a 55% chance to see a +2°C
temperature increase – which means that the world needs to become zero CO2 emissions by
then to keep the same probability to reach +2°C.
Fighting global warming means combination of the following four actions:
1. Reduce energy consumption;
2. Burn fewer fossil fuels;
3. Find ways to trap the CO2 emissions before they are released in the atmosphere, called
carbon capture and storage systems;
4. Protect or increase CO2 sinks, such as forests.
Globally, the largest contributor of CO2 emissions
is the energy sector, followed by the industry and
transportation, as indicated in Figure 10. All four
actions have then to be implemented in the
context of each sector. Many countries and large
corporations have pledged to attain net-CO2
emissions by 2050 and are currently considering
possible strategies to reach this goal.
In the power sector, as coal-fired electricity plants
represent around 30% of global CO2 emissions
(IEA, 2019), the priority has been so far to phase
them out. Numerous countries and banks,
investors and insurers have already declared that
they will no longer participate in coal-related
activities. Some have also pledged to phase out oil
and gas-fired electricity plants in the coming
decades.
Figure 10:
Global CO2 emission by sector 2014
Source: Statista
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Climate Change
How to Fight Global Warming?
Renewable energy – which are the technologies with the lowest carbon footprint, together
with nuclear energy – will become progressively the backbone of our energy systems. Some
countries have already a high penetration rate of renewable energy and are witnessing even
today whole days where national demands are fully powered by solar and wind, such as in
Germany or UK.
Managing intermittent energy sources is one of the biggest challenges of our century, as
solar and wind are bound to play a leading role in our energy systems. A conjunction of
different strategies is required to bridge the gap between supply and demand such as the
development of interconnections between countries and regions with different climates,
large implementation of storage facilities, deployment of supply and demand management
systems such as virtual power plant, smart grids, and smart matters, load shifting and even
planned curtailment. The digitalization of our societies will increase over time, since many
information will have to be processed and linked to each other in the context of managing
decentralized systems. It is estimated that cumulated USD 120 trillion of investments by
2050 are required to achieve climate targets (IRENA, 2018).
Going away from fossil fuels in the industry
and transportation is also a major
challenge, as oil is “sticky” in numerous
places. It is expected that heat will be
produced by electricity in the coming
decades. In transportation for example,
numerous countries have already pledged
to replace all traditional cars by EV between
2030 and 2050. New technologies are also
actively tested in the cement industry (8%
of global CO2 emissions) and iron and steel
industries (11% of global CO2 emissions).
Large investments are being made in R&D
to identify ways to transport and store
energy in different forms, such as heat (like
in CSP plants), hydrogen and batteries.
Consequently, our primary energy demand
is switching from fossil fuel to electricity,
further increasing the required investment
in renewables and flexibility. Figure 11 gives
an idea of what the future world can look
like and the challenges ahead to transform
our societies.
Figure 11:
Net zero emissions energy systems
Source: From Davis, et al., Science 360, 1419 (2018)

M

Empowering

ﺟﻤﻌﻴﺔ اﻟﺸﺮق اﻻوﺳﻂ ﻟﺼﻨﺎﻋﺎت اﻟﻄﺎﻗﺔ اﻟﺸﻤﺴﻴﺔ

Middle East Solar Industry Association
Solar

across

the

Middle

East

Climate Change
Conclusion: Are We on the Right Track?
It is expected that as the result of the covid crisis in 2020, and the ongoing global economic
recession, CO2 emissions will decrease by 7.5%, as compared to 2019 emissions. The
resulting emissions level is in line with the +1.5°C target. It is expected that the global
economy will experience “one of the worst crisis since the Great Depression” (IMF).
In other words, this is only a reduction of economic activity sized as big as the Great
Depression that is sufficient to bring the human race back to a temperature rise path of
+1.5°C, and if such an economic slowdown doesn’t happen ever year until 2050, it’s likely
that the resulting temperature curve will be much steeper. In such a context, there is no
“business as usual” scenario in the fight against global warming, and if not carefully planed,
societies will have to chose between major economic depressions or a temperature increase
above 3°C.
Each country is building its own strategy, depending on their energy consumption and energy
mix, both related to culture, societal structure, economy, development status, energy
systems, geography, and natural resources. However, international coordination is necessary,
as countries are not all equal in front of the energy transition. For example, countries which
have been relying until now on coal to fuel their growth may have difficulties to depart
quickly enough from this energy .
Policy makers do not seem yet to be fully prepared to the magnitude of changes our
economies have to go through and the speed at which these changes need to be
implemented. Each country are hesitant to take appropriate measures, as they believe that
their choice is either to face the immediate hardship of taking unprecedented measures to
curb the emissions, thus derailing economic growth and losing popular support, or to delay
such a decisions until a “better” appropriate time – a time where it would be certainly too
late to act.
This explains why our progress so far
have
been
timid
and
that
government’s pledges made during
the Paris Agreement in 2016 are not
respected by most of the countries.
Over the past decade, energy-related
emissions have been even increasing
by 1% per year and Figure 12 shows
how far we are from a safe path.
However, many institutions and
groups advocate for the design and
implementation of a long-term,
traversal planification plans focusing
on green infrastructure – which is
probably
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Figure 12:
Global CO2 emissions since 1980 and country pledges
under the Paris Agreement compared to different
temperature scenarios.
Source: data from Le Quéré, C. et al. (2016) based on
Rogelj et al, (2016)

Climate Change
Conclusion: Are We on the Right Track? Cont’d
probably the only option to manage the economic, technological, and environmental
uncertainties ahead of us. Far from being a cost for the societies, such planification would
represent incredible industrial and economic opportunities. The IRENA for example, has
called for a Global Green Deal, which would represent “a cumulative global GDP gains above
business-as-usual by USD 98 trillion between now and 2050, nearly quadruple renewable
energy jobs to 42 million, expand employment in energy efficiency to 21 million and add 15
million in system flexibility”.
The coming year 10 years, in a context post Covid-19 crisis, will certainly be critical for the
energy transition. Hopefully, the results of the current initiatives globally will show
governments that green investments is not only the best – and only – choice to preserve our
planet but also the best investment strategy for our economies.

Focusing on the MENA Region
The MENA region, despite being the largest oil & gas producer in the world, is fully engaged
in the energy transition. Some counties are even among the leaders in the energy transition.
Morocco is an example of a successful long-term planification and political commitment
towards renewable energy. Saudi Arabia and the United Arab Emirates have engaged in large
renewable programs and have impressively achieved the lowest solar per-kWh price ever
offered in the world. Egypt has successfully implemented a renewable program at a GW-scale
in only few years.

Figure 13:
UAE Nation Energy Strategy 2050.
Source: Ministry of Energy & Industry

In the UAE, the government has approved in 2017 the 2050 energy strategy which is
described in Figure 13. While targets are set in the right direction, it could be expected
that the evolution of the oil & gas sector in the coming years may lead the UAE to revisit
again this roadmap. To capitalize on its modern infrastructure, efficient leadership and its
existing position as a large energy player, it may be even more aggressive on restructuring
its industry around the green economy.
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