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Overcoming the international energy and climate crisis. 
Methanol economy and soil improvement can close the 
carbon cycle*

Franz Josef  Radermacher, Professor of  University of  Ulm, mem-
ber of  Club of  Rome

Abstract: The global energy and climate crisis can be solved in a way that is compatible 
with growth and promoting prosperity. The now almost panic-stricken public debates about 
the end of  the world, a planned economy for the climate, the electrification of  the entire 
mobility sector, etc. are not in any way doing justice to the multi-dimensionality of  the chal-
lenge. The approach described, on the other hand, allows Africa, India and other emerging 
economies to follow Chìna’s development model - without massive negative impacts on the 
climate. Following this approach, the SDGs can be implemented by 2050. Three essential 
elements have to be combined: (1) Methanol economy, (2) soils as carbon stores and (3) 
carbon offsetting projects promoting SDG implementation. The part of  the economy based 
on fossil fuels can be increased by 50% by 2050 with the proposed approach. By recycling 
carbon on average four times in the context of  a hydrogen/methanol economy, CO2 emissions 
of  the energy sector will be reduced to only about 10 billion tonnes per year (currently 34 
billion tonnes per year) - despite significant economic growth. A corresponding investment 
and conversion program can be realized solely by the fossil energy sector, one of  the most 
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scenarios. Many thanks also to Mr. Frithjof  Finkbeiner and his son Felix (both Plant-for-the-
Planet) for the many years of  cooperation in the areas of  re-/afforestation and Desertec. 
Finally, the author would like to thank Prof. Estelle Herlyn (FOM) for her critical support and 
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powerful economic sectors in the world, by 2050. The necessary investments in methanol 
and other synthetic fuels amount to around 600 billion EUR per year. Through persistent 
protection of  the rainforests, massive worldwide reforestation, especially on degraded soils in 
the tropics, through fostering humus formation for agriculture, especially in semi-arid areas, 
through the use of  biochar, etc., forests and soils can become a carbon sink for the remaining 
10 billion tons of  CO2 per year. At the same time, this increases agricultural productivity 
and will prove necessary anyway for the massively increasing demand for food in an envi-
sioned world in prosperity with 10 billion people. All in all, the carbon cycle can be closed 
this way. Forestry and agricultural projects play a central role in the Alliance for Develop-
ment and Climate launched by the German Federal Ministry for Economic Cooperation and 
Development (BMZ) in 2018. In addition to international climate protection, the alliance 
also promotes development and thus the social aspect of  the path into future. By means of  
high-quality projects in non-industrialized countries, co-benefits to all SDGs and positive ef-
fects on the climate are achieved at the same time. This offers great opportunities for the goal 
of  reaching a world population peak at 10 billion people in 2050, followed by a gradual 
decline afterwards. The methanol economy, and synthetic fuels in general are the key to the 
solution described. They are based on cheap desert electricity from the Earth’s sunbelt. Just 
as the invention of  the steam engine 300 years ago was the foundation for fully unfolding 
the potential of  coal to increase the prosperity of  humankind, renewabie energy technolo-
gies combined with the solar potential of  large deserts (Desertec 2.0) are the key to getting 
humankind out of  the current impasse regarding development, energy and climate - with a 
hydrogen/methanol economy as a major basis.

Keywords: Carbon capture and usage (CUU), CO2 growth and UN development goals 
(SDG), Desertec 2.0, energy and prosperity, green hydrogen, green methanol vs. all-electric 
solutions, Marshall Plan with Africa, nature-based solutions, negative CO2 emissions, pop-
ulation dynamics and climate change.

Sommario: La crisi globale dell’energia e del clima può essere risolta in modo compati-
bile con la crescita e la promozione della prosperità. I dibattiti pubblici, ormai quasi in preda 
al panico, sulla fine del mondo, sull’economia pianificata per il clima, sull’elettrificazione 
dell’intero settore della mobilità, ecc. non rendono in alcun modo giustizia alla multidimen-
sionalità della sfida. L’approccio descritto, d’altra parte, consente all’Africa, all’India e ad 
altre economie emergenti di seguire il modello di sviluppo della Cina, senza enormi impatti 
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negativi sul clima. Seguendo questo approccio, gli SDGs (Obiettivi di Sviluppo Sostenibile) 
possono essere attuati entro il 2050. Tre elementi essenziali devono essere combinati: (1) 
economia del metanolo, (2) suoli come depositi di carbonio e (3) progetti di compensazione 
del carbonio che promuovano l’attuazione degli SDG. La parte dell’economia basata sui 
combustibili fossili può essere aumentata del 50% entro il 2050 con l’approccio proposto. 
Riciclando il carbonio in media quattro volte nel contesto di un’economia idrogeno/metano-
lo, le emissioni di CO2 del settore energetico saranno ridotte a soli 10 miliardi di tonnel-
late all’anno (attualmente 34 miliardi di tonnellate all’anno) - nonostante la significativa 
crescita economica. Un corrispondente programma di investimento e di conversione può essere 
realizzato esclusivamente dal settore dell’energia fossile, uno dei settori economici più potenti 
del mondo, entro il 2050. Gli investimenti necessari nel metanolo e in altri combustibili sin-
tetici ammontano a circa 600 miliardi di euro all’anno. Attraverso la persistente protezione 
delle foreste pluviali, il massiccio rimboschimento mondiale, in particolare nei suoli degradati 
dei tropici, attraverso la promozione della formazione di humus per l’agricoltura, soprattutto 
nelle aree semi-aride, attraverso l’uso di biochar, ecc., le foreste e i suoli possono diventare 
un bacino di carbonio per i restanti 10 miliardi di tonnellate di CO2 all’anno. Allo stesso 
tempo, ciò aumenta la produttività agricola e si rivelerà comunque necessario per la crescente 
domanda di cibo in un mondo immaginato in prosperità con 10 miliardi di persone. Tutto 
sommato, il ciclo del carbonio può essere chiuso in questo modo. I progetti forestali e agricoli 
svolgono un ruolo centrale nell’”Alleanza per lo sviluppo” e il clima lanciato dal Ministero 
federale tedesco per la cooperazione e lo sviluppo economico (BMZ) nel 2018. Oltre alla 
protezione internazionale del clima, l’alleanza promuove anche lo sviluppo e quindi l’aspetto 
sociale del percorso verso il futuro. Attraverso progetti di alta qualità nei paesi non indus-
trializzati, si ottengono contemporaneamente co-benefici per tutti gli Obiettivi di Sviluppo 
Sostenibile e gli effetti positivi sul clima. Ciò offre grandi opportunità per l’obiettivo di rag-
giungere un picco di popolazione mondiale di 10 miliardi di persone nel 2050, seguito da 
un graduale declino in seguito. L’economia del metanolo e i combustibili sintetici in generale 
sono la chiave della soluzione descritta. Si basano sull’elettricità del deserto a basso costo 
proveniente dalla cintura solare della Terra. Proprio come l’invenzione del motore a vapore 
300 anni fa è stata la base per far emergere appieno il potenziale del carbone per aumentare 
la prosperità dell’umanità, le tecnologie energetiche rinnovabili combinate con il potenziale 
solare dei grandi deserti (Desertec 2.0) sono la chiave per far uscire l’umanità dall’attuale 
impasse per quanto riguarda lo sviluppo, l’energia e il clima - con un’economia idrogeno/
metanolo come base principale.
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Parole chiave: Cattura e utilizzo del carbonio (CUU), crescita di CO2 e obiettivi di 
sviluppo delle Nazioni Unite (SDG), Desertec 2.0, energia e prosperità, idrogeno verde, 
soluzioni per il metanolo verde vs. soluzioni completamente elettriche, Piano Marshall con 
l’Africa, soluzioni basate sulla natura, emissioni negative di CO2, dinamiche della popolazi-
one e cambiamento climatico.

A world in prosperity is possible

This paper deals with the future in the fields of  energy and climate – a topic 
that is increasingly dominating the social discourse. In particular the protests 
of  students and young people are shaking up society. The topic is difficult. 
What should we do? What knowledge is scientifically validated? The con-
tribution by Reinhard Hüttl, Oliver Bens and Bern Uwe Schneider of  the 
German Research Centre for Geosciences GFZ, Potsdam (Hüttl et al. 2012), 
shows how incomplete our understanding of  the Earth’s climate system still is, 
how complex things are and that we are repeatedly confronted with surprises.

The following considerations are based on the author’s decades-long pre-
occupation with these topics (Radermacher and. Beyers 2014; Radermacher 
2018, 2019). They paint a positive picture of  the future. This is much to the 
delight of  the author, who for decades has been searching for a solution of  
the present type: A solution that at the same time enables prosperity for 10 
billion people and the protection of  the environment and the climate system. 
The open market system and technology are able to deliver. The challenges 
we face are not being overcome by despair resulting in the renunciation of  
valuable achievements of  our history, but by the performance potential of  a 
technical civilization. Billions of  people in Africa, on the Indian subcontinent 
and in other developing and emerging countries, where population size will 
double in the coming decades and extreme poverty needs to be overcome, can 
replicate China’s development model without simultaneously causing an eco-
logical catastrophe. They can go for megacities, skyscrapers made of  concrete 
and steel, car fleets and airplanes.
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What to do?

It is initially surprising that all of  this could be possible – as well as the imple-
mentation of  the United Nations’ Sustainable Development Goals (SDGs) by 
2050 (not 2030) (Club of  Rome 2016; Radermacher 2019). The fact is that 
wealth creation in developing and emerging countries is the actual driver of  
rising CO2 emissions. As Fig. 1 shows, crucial CO

2 emission increases loom in 
Africa (and to a considerable extent also on the Indian sub-continent) which 
will determine the future and lead us into climate catastrophe if  no new tech-
nical solutions can be developed. The emissions of  these countries, with their 
rapidly growing populations, will then even exceed those of  China. And Chi-
nese emissions today are already exceeding those of  the United States, Europe 
and Japan combined. Under these circumstances, how can a climate-friendly 
path into the future be realized that reconciles prosperity expectations and en-
vironmental and climate protection worldwide? The prospect of  prosperity 
for everyone is urgently needed as otherwise social upheavals, even to the 
point of  civil war or even war in general, are likely. And only with prosperity 
for everyone can we stabilize the size of  the world’s population. Without an 
increase in prosperity, many of  the objectives for acceptable solutions for the 
future formulated in Fig. 2 are obviously out of  reach. This is different for the 
reference solution for the future in the areas of  energy and climate proposed 
in this text. It fulfils all the criteria listed in Fig. 2.

Carl von Carlowitz and the great transformation

A great transformation is necessary for the path shown here. Many people 
talk about it but mean something different than what is meant here. Regularly 
a “new” human, another ethics, a modest lifestyle are called for. The author 
does not consider this to be very promising. End of  the World scenarios, panic 
or the propagation of  a new view on life and satisfaction will most probably 
not help.

But what is going to help? Let us draw an analogy: The situation today 
is reminiscent of  the conditions 300 years ago. At that time, timber played a 
key role similar to that of  fossil fuels today: energetically, materially and for 
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exercising power (at that time especially warships). The forests back then were 
in existential danger. In Germany, Carl von Carlowitz addressed the urgently 
necessary needed requirements ̶ the sustainable management of  forests. Similar 
positions were taken in other countries. The message said the following: Never 
cut more wood than what was able to regrow. But it was not this discourse that 
saved the forests although it was very important. Because existential interests 
in prosperity and power of  strong actors and groups cannot be contained by 
ethical-moral discussions. It can be contained at most by destructive wars, a 
solution which nobody wants. This is why despite all the debates, the volume 
of  fossil fuels used is still growing world-wide today and will grow in the future 
as the International Energy Agency shows year after year (Fig. 3). For the same 
reason, timber consumption was increasing steadily 300 years ago.

However, the great transformation did take place in the end, albeit in a com-
pletely different way – with the invention of  the steam engine (Radermacher 
and Beyers 2014). The steam engine was finally capable of  fully exploiting 
the potential of  coal, which had been mined and used in small quantities for 
a long time already before. But with the steam engine, huge quantities of  coal 
could be put to use, which meant, for the first time, a gigantic surplus of  energy. 
Deep vertical tunnels, water pumps, coal and steel as well as railways were 
the consequences. In Germany, this entailed the development of  the Ruhr 
area with its industrial and military power. After three industrial revolutions, 
the number of  people on earth has increased tenfold in 300 years and (mate-
rial) prosperity has increased a hundredfold. Now, however, this new technical 
system in the energy sector is reaching its limits, too, especially because of  the 
climate problem resulting from CO

2 emissions associated with fossil fuels.

Is the decarbonization the solution?

No. The decarbonization that many are longing for will not take place in the 
short and medium term, and in case it does, it will take place in a different 
way than how the topic is usually discussed (cf. Figs. 4 and 5). This is actually 
good news. The consequences of  decarbonization as handled in public de-
bates would be an extreme world economic crisis and very likely war and civil 
war. However, there will be no decarbonization in the predictable future. The 
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policies of  the major powers, especially the USA, are diametrically opposed 
to such a path. This is described in detail in another publication by the author 
(Radermacher 2018) (see also an interview with Fatih Birol, Director of  the 
International Energy Agency IEA, http://www.taz.de/!5590256; see also Fig. 
3 in this text). In this context, according to a report in the New York Times (April 
10, 2019), US President Trump recently signed two new executive orders to 
make it considerably easier for companies to build pipelines in the USA in the 
future. His policies seek to rapidly increase the US oil and gas production – the 
opposite of  decarbonization. And all of  this despite the fact that the USA are 
already the world’s largest oil producer, having overtaken Saudi Arabia and 
Russia and increasing their production even further.

The world community wants prosperity for 10 billion people. By 2050, in 
the best case, the size of  the world’s population could finally stabilize and/
or peak. In contrast to the great transformation 300 years ago, which led to a 
tenfold increase in the world’s population and thus catalyzed ever new growth 
dynamics, this time humankind could finally achieve a steady world popula-
tion at a comparatively high global level of  social equality and prosperity. In 
order to achieve this, global prosperity has to double in 30 years. According 
to the logic of  the present text, the SDGs should and can be implemented by 
then, but only under strong political leadership (Nair 2018).

What does this mean for the energy sector? Even with further efficiency 
gains, as shown in Box 2, it is necessary to double the amount of  useful en-
ergy compared to today’s level. The carbon-based part, which today results 
in about 34 billion tons of  CO

2 emissions and contributes to about 81% of  
100% of  the total energy (primary energy), will increase by about 50% to a 
level equivalent to around 50 billion tons of  CO

2 emissions. Newer forms of  
renewable energies, which yet account for significantly less than 5% of  the 
world’s primary energy, will then, together with other energies, contribute to 
40-45% of  useful energy (on a total scale of  200%). In addition, there is a re-
newable share (essentially solar energy) of  140% of  340%, which will “fuel” or 
enable the recycling of  carbon described in Box 1 (see Fig. 7 for an overview). 
Examining these figures, this is an inefficient process but it is highly effective 
and obviously superior to the available alternatives. There is a huge energy 
surplus – an equivalent to the steam engine in the great transformation 300 
years ago. New renewable energies will be dominating strongly in 2050 and 
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combined with other energies, they will contribute to about 2/3 of  the total 
primary energy (cf. Fig. 7).

The Reference Scenario: Methanol Economy

How can we proceed if  the goal described is to be achieved? This text is devel-
oping a reference scenario for the world (see Box 2), the key data of  which 
are described below. It is located centrally in the carbon-to-liquid context and 
incorporates many discussions among experts, which, however, are debated 
far too seldom in the political arena. Many studies now address the fact that a 
climate-friendly solution to global energy supplies must make massive use of  
synthetic fuels if  prosperity is the goal. A study of  the World Energy Council 
Germany of  October 2018 (World Energy Council 2018), as well as the E-
Fuels study “The potential of  electricity-based fuels for low-emission trans-
port in the EU” (Siegemund and Schmit et al. 2017) by Ludwig Bölkow Sys-
tems Engineering and Dena (German Energy Agency) should be mentioned 
in this regard. A joint declaration of  the associations BDBe, DVFG, MEW, 
MvaK, MWV, UFOP, UNITI and VDB, constituting the Alliance for Green 
Fuels (BDBe et al 2019) points to the same direction. They believe the climate 
targets for transport and mobility can only be reached with low-carbon fuels.

In the public debate today, unfortunately, discourse elites in politics and 
media are dominant which mostly ignore the global dimension of  the chal-
lenges and possess little technical knowledge. Instead, they are payed for con-
stantly talking and consequently flood the communication channels with their 
thoughts around the clock. They particularly like to describe apocalyptic sce-
narios and refer to students demonstrating on the streets. Politicians who do 
not agree with their “canon” are often denied the ability to learn and un-
derstand, in an expression of  great arrogance and know-it-all manner. Yet 
the program to save the world proposed by these discourse elites with full 
conviction is of  great simplicity and would wreak havoc: «Put an end to coal, 
off into a world of  electric cars and smart grids, switching to bicycles, speed 
limits, going on holiday at home, no more eating meat, no more flying». Coal 
is demonized per se. The climate problem is used to force one’s own “superior 
lifestyle” onto other people. This program stands in stark contrast to what is 
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proposed in this text. It is also a program of  massive cruelty to developing 
countries. Large-scale financial transfers are not envisaged, compensation for 
the desired cost savings associated with a ban on fossil fuel imports is not 
planned, international tourism shall cease to exist, and so shall Fair Trade. 
Although we in Germany are world export champions, we need all the money 
for ourselves, for our own energy revolution, to show the world how it works. 
A program doomed to failure.

The reference scenario described in the following is a solution of  a com-
pletely different kind, which seems reasonable to the author. It aims at energy 
prosperity, not at managing scarcity. The developing and emerging countries 
should become winners in globalization and be able to replicate China’s mod-
el. There are also variations or characteristics of  a technical nature possible 
other than those discussed in the reference scenario. For example, fuel cells in 
electric cars can also be powered by methanol. The use of  fuel cells saves on 
the large and heavy batteries of  electric cars which are problematic in many 
respects. This means that the batteries still needed are significantly smaller 
and – accordingly – lighter. Methanol for the operation of  fuel cells is an inter-
esting option and has several advantages to the use of  hydrogen which is usu-
ally suggested in this context. Electric cars thus become part of  the reference 
scenario, which can be modified in many ways. In this sense, the reference 
scenario is an option with many facets. It would work. This is how it could 
be done. But perhaps there is an even better solution. But then, thanks to the 
reference scenario, we are on the safe side.

In the reference scenario, the crucial point is to reduce the carbon inten-
sity of  the carbon-based energy system component to 20%. Carbon extracted 
from the earth – especially coal – is recycled four times on average (cf. Fig. 4 
before / Fig. 5 afterwards) before it finally escapes into the atmosphere via in-
dividual mobility (combustion engines) and individual heat/cooling processes 
(heaters/ radiant heaters and cooling appliances). The remaining 20 % car-
bon (about 10 billion tons of  CO

2 per year) is removed from the atmosphere 
via biological processes (reforestation, humus formation, pasture farming, ap-
plication of  charcoal and vegetable carbon into soils). The overall system then 
can become climate-neutral (in numbers) (cf. Fig. 5). The energy and climate 
problem would then be solved. The decisive steps to implementation could be 
taken by 2050. Box 2 gives some information on the investment and imple-
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mentation programs required for this. Fig. 7 shows the energy situation that 
then emerges in comparison to the current situation shown in Fig. 6.

Obviously, the economic and technological potential of  the possible path 
into the future is very attractive. Europe has the opportunity to take the lead 
in such a development. Recycling of  carbon via the methanol economy and 
the use of  soils as carbon stores: this is an opportunities program for the world, 
but also for Europe and Africa, especially in close partnership. The Senate of  
the Economy has included such development paths in a recommendation for 
the European elections. Germany should make this a priority of  its 2020 EU 
Presidency activities (Gabriel, Radermaker and Rüttgers 2019)

Why is a 4-fold recycling of  carbon carried out?

The recycling of  carbon is primarily a method to store solar energy (inexpen-
sively) and to convert it into an easily manageable, multiply usable form. If  
(1) methanol could always be used in all energetic processes and (2) the CO

2 
released by the combustion process could always be captured in a convenient 
and cheap way, the underlying recycling approach would render us climate-
neutral. However, this is not the situation. Many heavy industry processes 
require fossil fuels as input (but 20% of  the current volume would be sufficient 
here) while CO

2 cannot be captured well from all processes. This concerns, 
in particular, individual mobility and individual heat/cooling production. For 
the important processes mentioned in (2), which are dominating the debates 
today, 20% should also be sufficient. This results in a recycling factor of  4.

It is assumed here that a large part of  the heat/cooling production will be 
covered by electricity in the medium term, e.g. electricity products based on 
methanol. From a climate perspective, this is a good and affordable solution. 
Concerning mobility, the author assumes that electric mobility will play a role, 
albeit not a dominant one. In large cities, the approach does have advantages. 
Energetically, the combination of  methanol with fuel cells is interesting here. 
From the author’s point of  view, it would be a catastrophe – both economi-
cally and in terms of  prosperity – to fully rely on electric mobility based on 
large and heavy batteries. It would also end up in a disaster if  we would aim 
for an all-electric solution in general.



- 103 -

Overcoming the international energy and climate crisis

All of  that would be an obliteration of  money, just like the wholesale en-
ergy-related renovation of  all real estate. However, with the right combination 
of  suitable electricity-based and methanol-based engines and heat/cooling 
solutions, the prospects for the future are good.

It is clear that in addition to the methanol solution in the sense of  Desertec, 
further consideration should also be given to transporting electricity from Af-
rica to Europe. Similar transports will be of  great importance inside Africa 
in any case. Conversion costs into methanol will be less common there than 
in Europe (and the Global North in general). In the reference scenario Energy 
and fuel supply in Africa is therefore much cheaper than in Europe. This en-
hances the opportunities for further economic development on this continent. 
Of  course, there is also interesting potential in Europe, especially in Germany, 
in the field of  synthetic fuels/methanol economics. The Swedish Stena Line 
ferry “Germanica”, for example, has been running on methanol since January 
2015 – in an environmentally friendly and profitable way. Methanol products 
out of  metallurgical waste gases are the aim of  an ongoing pilot project of  
the “Carbon2Chem” initiative of  Thyssenkrupp AG and the German Federal 
Ministry of  Education and Research (BMBF).

The biological side

The methanol economy needs a second side – just like a balance sheet has 2 
sides. In the scenario described above, about 10 billion tons of  CO

2
 have to be 

removed from the atmosphere every year in the long run in order to achieve a 
climate-neutral world. Key to this are negative emissions, above all from refor-
estation and humus formation (Crowther et al. 2015, 2017; Quicker and Weber 
2016; Radermacher 2018). The strict protection of  rainforests has to go hand 
in hand with this approach. For more information on this topic, please refer 
to the 4 PER 1000 Initiative - Soils for food security and climate (www.4p1000.org) 
and the European Biochar Certificate (www.european-biochar.org), among others.

What can be said about this approach also from an economic point of  
view? Here it is important to recognize that corresponding investments in soil 
and reforestation are necessary anyway if  a growing, more prosperous world 
population is to be supplied with food at a significantly higher volume and 
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quality than today, while the process of  “civilization” will simultaneously re-
sult in massive land use change of  good agricultural land for buildings and 
infrastructure. Therefore, the quality and productivity of  the remaining glob-
al agricultural land has to be significantly improved. Furthermore, new soils 
need to be activated, e.g. in semi-arid areas (like on the edge of  the Sahara) 
where there is hardly any competition for land use. Plants will then hardly be 
used for generating bioenergy in the future any more. Farm animals will again 
graze on pasture land on a much larger scale than today.

The closing of  the carbon cycle has to be cross-financed, especially in or-
der to accelerate the conversion process greatly. Binding carbon in soil (or al-
ternative forms of  CO

2 sequestration) can be documented by certificates. All 
actors participating in the carbon and methanol cycle will – reasonably – have 
to co-finance the closing of  the carbon cycle. This can generate substantial ad-
ditional financial resources for the agricultural sector (potentially several hun-
dreds of  EUR per hectare) and will be (co-)financed by users of  fossil energy 
sources and methanol (in the reference scenario). As of  today, 20-30 EUR 
per ton of  CO

2 
are sufficient on the side of  the aforementioned actors. Some 

of  these funds are already being exhausted today and are a low price to pay 
when it comes to preserving today’s civilization and basically continuing, even 
considerably expanding its business model. The funds can be tapped centrally. 
About 1-1.5 trillion EUR per year are at stake. Part of  these can be invested in 
soil improvement, reforestation programs and strict protection of  rainforests. 
Reforestation can quickly generate a lot of  negative emissions. This saves time 
and helps to reduce the risk of  reaching tipping points. Tipping points are 
obviously the greatest risk humankind is currently confronted with in the con-
text of  climate change because once such a point is exceeded, climate change 
becomes irreversible. As long as this has not happened, we can still come up 
with some ideas. That is why saving time is so important after we have already 
wasted a lot of  time – or spent it on hardly smart activities.

The anchor substance methanol

The core of  the reference scenario solution is recycling of  carbon via the an-
chor substance methanol. Methanol (see Box 1 on methanol economics and 



- 105 -

Overcoming the international energy and climate crisis

Box 3 on the costs) is a key substance in the opinion of  the author and many 
other observers – an ideal storage medium for solar energy, hydrogen, 
oxygen and CO

2
. There are many ways to produce methanol, as depicted 

in Fig. 8. In the context of  the reference scenario (also in view of  addressing 
the climate problems), the initial process is the electrolysis of  water and thus 
in particular the production of  large quantities of  hydrogen, which is then 
further combined with CO

2 to form methanol. Hydrogen is produced prefer-
ably (but not exclusively) and inexpensively with solar energy from the sunny 
desert regions of  the world, at best near the sea. The latter also matters in so 
far as water is needed for cooling purposes in energetic conversion processes. 
Such desert areas can be found in many parts of  the world, mostly in poorer 
countries, e.g. the Sahara, the Arabian Desert, the desert in Namibia, the de-
sert areas in southern Iran or the Atacama Desert in Chile. Desert areas in the 
south of  the USA, China, India and Europe can also be considered.

The hydrogen produced with desert electricity is combined with CO
2 to 

form methanol. CO
2 can be captured inexpensively in large-scale industrial 

applications and transported across large distances after liquefaction. Methanol 
is as easy to transport as petrol and much safer as a substance. In water, for ex-
ample, it decomposes naturally. In addition, it is a much cleaner alternative to 
petrol and diesel for combustion purposes. Essentially the same transport and 
infrastructure can be used for methanol that is used today for oil, petrol and gas.

Power plants can be run on methanol and CO2 can be captured for around 
30 EUR per ton. In the reference scenario, the production costs of  a double ton 
of  methanol (energetically equivalent to one ton of  oil/petrol) are 500 or 700 
EUR (depending on the price of  electricity). This translates to about 40 or 56 
EUR cents per double litre. The costs are competitive with today’s petrol, even 
if  it is taken into account that one ton of  petrol comprises about 1330 litres and 
one ton of  methanol about 1270 litres. Subsidies are not required – but regula-
tion regarding permissible admixtures is needed1. Note that the current market 

1  The clear recognition of  methanol admixtures as climate-neutral components of  fleet 
CO2 emission calculations in the automotive industry would be important (if  the methanol 
admixed was produced from CO2 recycled form large-scale industrial processes). Admixing 
methanol to petrol is possible up to 15% with only minor problems. This would reduce CO2 
emissions by 8%. The cur- rent pressure on the automotive industry can be considerably 
reduced by such an approach. This would greatly facilitate a methanol economy. In the EU, 
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price in China (and also in India) is lower (less than 30 EUR cents per double 
litre). However, their manufacturing process is harmful to the climate.

The methanol production costs in Germany today are 2-3 times higher 
than in deserts in the Earth’s sun belt (far more than 1.50 EUR cents) due 
to the unsuitable solar situation and the significantly higher regulation costs 
for electricity in the German system. These higher costs are related to much 
higher costs for space and significantly higher costs for securing the stability 
of  the entire grid under conditions of  volatile electricity inputs. The situation 
is much simpler for methanol production in Africa. It can react flexibly to the 
availability of  electricity, volatility problems are significantly lower. In addition 
to the production costs mentioned above, taxes, just like today, make up the 
largest part of  the final price.

Europe and Africa can go ahead on their own

The reference scenario described here (and many variants of  it) can be tack-
led immediately by Europe in partnership with Africa for the benefit of  both 
sides. This is a big advantage. There is no need for global consensus as in climate 
agreements. The approach is rooted in the paradigm of  a Marshall Plan with 
Africa (Club of  Rome 2016; Müller 2017; Radermacher 2019). Africa has a 
lot to offer to Europe. Not only the solar potential of  large deserts but also the 
lands for massive reforestation and soil improvement, such as semi-arid areas 
on the edges of  deserts. In the process described, Africa can realize the meg-
acities it needs. The same applies to heavy industry, chemicals, electricity, fuel 
production, etc. All this can be built and/or used and paid for.

Sea and groundwater desalination can solve the continent’s water prob-
lems at acceptable prices and in a climate-neutral way. Hundreds of  millions 

the regulatory situation is rather dismissive, barely transparent and in flux. In recognition 
discussions, a distinction is also made be- tween biogenic CO2 and CO2 from other sources. 
There is no convincing justification for this. Extraneous interests or a specific framing seem 
to play a major role. There is an urgent need for action here. If  the problems with admixing 
methanol to petrol are regarded as too difficult, methanol to gasoline (MtG) is an alternative. 
2 tons of  methanol allow for 1 ton of  MtG. This is, however, about 50 EUR cents per litre 
more expensive than a double litre of  methanol.
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of  jobs will be created, particularly in agriculture, forestry, and associated re-
fining processes as well as in the methanol economy. The “risk list” in Fig. 2 
can thus be worked through step by step. In conjunction with the biological 
side, the methanol economy in the reference scenario is then able to “deliver”.

What are the key elements for the reference scenario?

It is important to realize that the proposal made is only possible thanks to pro-
gress made in renewable energies. In addition, there has to be a massive use 
of  energy sources in the sun belt of  the great deserts. This is the Desertec 
idea2 which the Club of  Rome (German Section) has been championing for 
a long time. While the direct transport of  electrical energy from Africa to Eu-
rope, for example, can remain an issue, the resistance of  all kinds against it is 
considerable. With methanol (Desertec 2.03), this kind of  thwarting by certain 
interest groups is no longer possible. The very same infrastructure already in 
place today for oil and gas can be used. The vast industrial complex built on 

2  Desertec (see www.desertec.org) is a global civil society initiative established in 2009 by the 
German Association of  the Club of  Rome, backed by a network of  scientists, politicians and 
economists from around the Mediterranean, to produce huge amounts of  relatively cheap 
solar power-based green electricity in the Saharan desert. This power should in part be used 
to improve the energy situation in Africa to stimulate development and in part be exported 
to Europe to support the transition into greener economies there. The export should be rea-
lized via High Voltage Direct Current (HUDC) lines. The export was thought to finance the 
whole undertaking to a considerable extent. The idea, unfortunately, was confronted with 
major resistance in Europe against the transmission lines, but also against the whole idea 
as such. Many “green” observers regarded this cheap electricity as a “danger” for a green 
transformation of  the energy sector within Germany/Europe. This slowed down the whole 
development, though some of  the greatest solar energy fields in the world have meanwhile 
been realized in North Africa and the Arabian desert.
3  Desertec 2.0 is used as a name for a more recent adaptation of  the whole concept, in which 
the green energy produced in the desert is transferred to green hydrogen and, by combining 
the hydrogen with CO2, to green methanol. This is a powerful energy-storing liquid that 
reminds of  oil or gasoline and can be transported within the available infrastructures of  the 
established fossil-based energy sector. Many observers are convinced that without importing 
great amounts of  relatively cheap green hydrogen and green methanol from the great deserts 
of  the world in the earth’s sun belt, neither the goals of  the Paris climate agreement, nor the 
sustainability goals of  the World Community (SDG) can be met.
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fossil fuels can remain active and even expand (by 50 % until 2050). From the 
author’s point of  view, Saudi Arabia could become the largest investor. But all 
major corporations of  this economic sector will take part.

On the positive side, Europe and Africa can also go ahead on their own, 
as already mentioned. The technological potential opens up massive options 
for those involved, especially for Europe (Gabriel, Radermaker and Rüttgers 
2019). Needless to say, all SDGs are promoted positively in the reference sce-
nario. This is obviously the case with every goal, except for SDG 14 “Life be-
low water”. However, since the soil activities planned will reduce the pollution 
of  the seas with contaminants, progress can be expected even here.

Lastly, the social dimension of  the topic remains. The Development and 
Climate Alliance, launched by the German Federal Ministry for Economic 
Cooperation and Development (BMZ) at the end of  2018, opens up many 
interesting links and opportunities (Radermacher 2019). Its focus is on co-ben-
efits in SDG implementation, i.e. social goals (e.g. promoting women’s rights, 
education for everyone, slowing population growth, greater prosperity) but also 
ecological goals (biodiversity, water budget). More prosperity by itself  will not 
be enough to make progress in these areas. Questions of  wealth distribution 
are always difficult. The Alliance can make a big difference here and hopefully 
help to ensure that the world’s population reaches its peak in 2050 at 10 billion 
people. The reference Scenario will foster economic development in develop-
ing and emerging countries (example China). Inequality between countries will 
decrease. In terms of  inequality within countries, this is not clear. Therefore, 
this new Alliance has a major role to play and should be raised to the European 
level by 2020 at the latest on the occasion of  the German EU Presidency.
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Box 1. Methanol economy

Methanol is a particularly interesting substance, cf. Fig. 8. Methanol is a kind of synthetic 
gasoline but with practically no harmful side effects. Gasoline is considerably more toxic 
and dangerous than methanol. When handled correctly, there is no danger of explosion 
and combustion does essentially not result in soot, ash or particulate matter. The ben-
eficial qualities of the simplest alcohol molecule, methanol, have long been recognized 
in the chemical industry. Today it is the second most produced and traded liquid in the 
world after crude oil. It can be produced from coal by gasification and then admixed to 
gasoline. This is commonplace in China, with q quota of usually at least 15%, often much 
more. China does this in order to save on foreign exchange reserves for oil imports. The 
climate does not benefit from this. Methanol can also be produced from methane. In some 
contexts, this can be a good solution for the climate.
In the reference scenario, methanol is produced from electricity, CO

2 and water in a syn-
thesis process which has already been technically mastered. Some German companies 
are among the world leaders. In contrast to bioethanol, this process does not compete 
with agricultural lands and can be run either in large, centralized facilities or in small, de-
centralized ones. Methanol is an ideal partner of renewable energy. Note: The energy 
density of methanol (as an energy storage) is 50 times higher than that of modern batter-
ies (and half the energy density of gasoline). Therefore, energetic liquids are obviously a 
better solution for storing energy than batteries and thus important for the preservation 
of our prosperity.
Since the processes of storing, refueling and using methanol are very similar to those of 
the usual liquid fuels (diesel and gasoline), we can continue using the existing infrastruc-
ture. It should also be emphasized that using methanol as a fuel in vehicles with gasoline 
engines requires only limited retrofitting.
Methanol, after further processing, can replace all 14 liquid and fossil fuels in use today 
(regular and super-grade gasoline, diesel, heating oil, kerosene, etc.). Thereby a much 
simpler, more ecological and economically effective global energy supply is possible.
The methanol economy has a long history. In the current (German) discussion it falls 
within the scope of e-fuels and Power-to-Liquid activities. In a remarkable study (World 
Energy Council 2018), the World Energy Council (German section) has clarified that with-
out progress in the area of e-fuels, a sustainable solution to global energy and climate 
issues is not possible.
Many aspects of the methanol economy are covered in a large publication about metha-
nol from 2014 (Bertau et al. 2014). Two of the authors are important discussion partners 
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providing impetus for the present text: Prof. Dr. Dr. Heribert Offermanns, long-time Head 
of Research at Degussa and Dr. Ludolf Plass, long-time Head of Research at Lurgi.
The methanol economy has its roots in Germany at RWTH Aachen University. In a histori-
cal overview (Offermanns 2016), Heribert Offermanns points to the Institute of Technical 
Chemistry at RWTH Aachen University, the three institute directors Walter M. Fuchs, 
Friedrich Assinger and Wilhelm Keim (Wilhelm Keim’s motto is “CO

2 as a raw material”) 
and a very successful, wide-ranging research program.
Simultaneously, the US Nobel Prize winner George A. Olah is addressing the topic in his 
book “Beyond Oil and Gas: The Methanol Economy” (Olah, Goeppert and Prakash 2018). 
Unfortunately, he does not appreciate the many years of work in Germany, but this is 
(unfortunately) not uncommon in the sciences. Much more important from the point of 
view of the present text is the fact that G.A. Olah heads a second, broad international 
anchoring of the methanol economics topic. An important concern of G.A. Olah’s is the 
argument that a future climate-neutral energy base will not directly build on the use of 
hydrogen but on a two-step process: first the production of hydrogen using inexpensive 
solar energy, then the conversion of this hydrogen into methanol by combining CO

2
. From 

an economic point of view, this requires the availability of extremely cheap solar energy 
(more precisely: climate-neutral energy) to produce hydrogen and thus indirectly metha-
nol, preferably by combining hydrogen and CO

2
.

The considerations of Offermanns et al. (2017) are also interesting in this context. They 
propose to establish heavy industry in North Africa on the basis of cheap coal (e.g. from 
Latin America) for Africa’s development and to convert the CO

2 emitted there into metha-
nol, using inexpensive solar energy from the Sahara. On the coast, pure oxygen and hy-
drogen would be produced by electrolysis, forming the basis for methanol synthesis in 
further processes. Such approaches are also being discussed today as Desertec 2.0 in the 
wake of the Desertec debates, in which the Club of Rome (German section) has been and 
still is significantly involved. In this regard, it is especially worth recalling the contribu-
tions of the deceased Gerhard Knies.
It should be noted that the original Desertec proposals did not fail because of fundamental 
problems regarding feasibility or investors’ reluctance. The problems have been complete-
ly different. On the one hand, the German Renewable Energy Sources Act (EEG) made it 
impossible to sell solar energy from North Africa to Germany, insofar as the high subsidies 
for solar energy and its preferential feed-in into the power grid were limited to solar en-
ergy produced in Germany. This way, one can cleverly bar competition and inhibit innova-
tions in developing and emerging countries, which are – allegedly – all that important. On 
the other hand, blocking the construction of power lines is another form of resistance to 
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Box 2. The reference scenario: 2020-2050

The reference scenario is based on today’s world GDP of around 80 trillion USD with 7.5 
billion people. Today, 81% of our energy needs are met by primary fossil energy sources. 
Currently, these are producing 34 billion tons of CO

2 per year. Significantly less than 5% 
of the total primary energy is coming from newer renewable energy sources (IEA 2018).
In the scenario, world GDP will have increased to around 140 trillion USD by 2050, i.e. 
almost doubled. The highest economic growth rates can be found in the developing and 
emerging economies. This is necessary to implement the SDGs by 2050. The Chinese path 
is being replicated.
Contrary to the usual studies on our energy future today (demanding sustainability), the 
carbon-based parts of the energy used, above all energy liquids, continue to play a central 
role. This part increases by about 50%, which would correspond to about 50 billion tons 
of CO

2 per year with today’s technology. However, by recycling CO
2 four times, the actual 

emissions are only around 10 billion tons of CO
2 per year. In other words, the CO

2 intensity 
of the carbon-based energy share plummets to 20%. 80% are of the secondary type and 
climate-neutral in this sense (cf. Fig. 7).
The fact that the approach described does not drive the fossil fuel sectors into collapse is 
positive, indeed decisive (cf. Fig. 2). Decarbonization at the expense of these large indus-
tries is not taking place; on the contrary, there is a growth potential of 50%. In this con-
text, however, the sector needs to be considerably re-structured. This is feasible by 2050. 
A good and peaceful future is fostered as a result. A lot of money is at stake here. The 
world’s largest corporation in this sector alone, Saudi Aramco, made a profit of 110 billion 
USD last year (2018) – about 11 times Germany’s total official development assistance. 
Massive losses in these industries would lead to the collapse of the world economy. This

“electricity competition”. We can still observe this today in the construction (or actually 
non-construction) of urgently needed power lines in Germany.
That is why the Desertec approach, which is particularly important for promoting pros-
perity in Africa and substantially increasing energy supplies in North Africa, needs an 
alternative means of transport. This is possible in the context of Desertec 2.0 by means of 
the power-to-liquid approaches described above, in particular the methanol economy. This 
is one of the sources for the considerations in the present text.
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does not happen in the scenario. The sector is growing and can therefore finance the con-
version required to recycle carbon. Saudi Arabia will probably be leading the way because 
of its great investment power but all other large energy corporations in the world will also 
be involved in this business. A lot of money is at stake. It can be earned in many parts of 
the world. And the market is expanding considerably.
Global primary energy consumption today is estimated at around 100 billion barrels of 
oil equivalent. The price per barrel is fluctuating heavily. It currently stands at around 70 
USD. This means a value of about 7 trillion USD per year for today’s entire global primary 
energy consumption, this central segment of the economy, i.e. about one twelfth of the 
current global GDP of 80 trillion USD.
Given the significantly higher global GDP in 2050, the world will probably need twice as 
much energy as it does today, especially due to the comparatively low energy efficiency in 
the economies catching up. The energy supply proportions will shift in favor of newer re-
newables, especially wind and sun (see Fig. 7). This transformation will take place primarily 
in the desert-sun belt of the world. But many other countries are also going to participate. 
Carbon-based forms of energy will probably still outdo renewables in terms of useful en-
ergy in 2050, but will do so only to a small extent (about 60:40). Yet on top of that, a large 
volume of renewable energy from the desert-sun belt will be used for carbon recycling and 
methanol production. This volume is estimated at 140% (at a total volume of 340%). In the 
reference scenario, these 140% are used to produce hydrogen and methanol. This is an 
energy-intensive process that tends to be inefficient. But it is worth it. It solves the volatility 
problem of renewables and creates stored energy in form of methanol or other synthetic 
fuels, which are easy to warehouse and transport and usable in multiple ways. It is the key 
to a prosperous world and to overcoming the energy and climate problems. By analogy, the 
activation of this potential corresponds to the role played 300 years ago by the invention of 
the steam engine, replacing wood with coal in the great transformation of that time.
If we look at the 340% energy production in 2050, the new renewables will have ex-
ceeded the carbon-based fuels in volume. Together with other energy sources, they will 
provide 2/3 of the primary energy supply. Fig. 7 gives a general overview.
What is the magnitude of the world energy system conversion in 2050 according to the 
reference scenario? In 2050, the world’s current primary energy level of about 14 billion 
tons of oil equivalent should be in the form of methanol or other synthetic fuels. The path 
towards that has to be shaped. We are talking about 28 billion tons of methanol (14 bil-
lion double tons) in 2050.
Today’s largest methanol production facilities can synthesize (only) a little more than 
10,000 tons per day. An annual output of 4 million tonnes is possible. The costs per 
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facility of such size are around 3 billion EUR. Over the next 35 years, a total of around 
7,000 facilities of such size will be required in the reference scenario, which translates to 
around 200 new plants every year. The total annual costs will thus amount to 600 billion 
EUR. These are orders of scale that the energy sector is already investing annually today, 
among other things for the exploration of new oil and gas fields. Such activities would be 
largely of no use in the future. The conversion is a great challenge, but achievable. This 
is particularly true when the high revenue potentials in the methanol production sector 
are taken into account.
The following exemplary considerations show that the conversion can be financed: In Ger-
many, around 40 million tons of fuel are used in the transport sector every year. These 
emit around 120 million tons of CO

2
, about 1/8 of Germany’s total emissions. If it is hypo-

thetically assumed that half of this would be replaced by 20 million double tons of metha-
nol (equivalent in energy terms), about 60 million tons of CO

2 could be saved every year. 
The necessary amount of methanol would require about 10 large methanol power plants 
with a total investment volume of 30 billion EUR. However, these costs are not supple-
mentary – they are rather replacing other investments and being earned in the market.
In comparison, the German “coal compromise” (Kohlekompromiss) means that a grown 
market structure is destroyed to achieve – due to the interaction with the EU certifi-
cate system – imprecisely quantifiable savings of some modest, two-digit million tons of 
CO

2 per year. What is more, compensation of 40 billion EUR needs to be paid to the af-
fected federal states over the next 20 years. A further 60 billion EUR will come along on 
top over the same period to support other affected stakeholders	 (cf. https://www.
insm-oekonomenblog.de/20687-klimaschutz-mit- marktwirtschaft-wie-die-politik-den-
kohleausstieg-guenstiger-und-klimafreun- dlicher-gestalten-kann). A huge waste of ur-
gently needed financial resources.
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Box 3. What are the methanol production costs in North Africa?

The methanol production costs are essentially determined by the electricity costs for elec-
trolysis and thus the production of the hydrogen required. This is the dominant cost factor. 
In the reference scenario, these costs amount to around 200-400 EUR per double ton of 
methanol under the conditions of using cheap desert electricity. The calculation is based 
on a solar electricity price of 1 or 2 EUR cents per kilowatt hour. For such a favorable price it 
is crucial that the land costs almost nothing, the sun shines practically always (high capac-
ity utilization in the facilities) and the provision/ regulation costs for electricity are low.
What is the situation of methanol in terms of costs? For a double ton of methanol, about 
370kg of hydrogen (H

2
) and 2.7 tons of CO

2 are used as input. The amount of electricity 
required to produce the hydrogen is about 19,000 kilowatt hours (kWh). At a price of 1 
EUR cent per kWh, this is about 200 EUR, at a price of 2 cents per kWh, around 400 euros. 
In addition to the electricity costs, depreciation of around 100 EUR on local installations 
needs to be factored in for each double ton of methanol. About 30 EUR per ton need to be 
taken into account for capturing and purifying the CO

2
, another 30 EUR for the transport of 

CO
2 (including liquefaction) from Europe to Africa, about 20 EUR for the transport of metha-

nol from Africa to Europe per double ton. The transport costs for methanol are lower than 
those for CO2 because methanol is a liquid.
Since a double ton of methanol requires around 2.7 tonnes of CO

2
, each double ton of 

methanol requires an additional 2.7 x 60 EUR for CO
2 production and transport, i.e. around 

160 EUR. In total, the estimated price of methanol is 500 or 700 EUR per double ton. Since 
one ton of methanol corresponds to about 1250 litres, the price is 40 or 56 EUR cents, 
respectively, per double litre of methanol. This tends to be lower than today’s gasoline 
prices. Subsidies do not appear to be necessary in this respect. Note that the market 
prices for methanol in China and India are significantly lower today but their production 
is not climate-friendly. In Germany, due to the significantly higher costs of producing and 
distributing (regulatory costs) renewable electricity, and thus the much higher costs of 
producing hydrogen, methanol production in Germany comes at a total cost of at least 
1.50 EUR per double litre of methanol (before taxes).
All in all, this results in a cycle. In the reference scenario, CO

2 can be captured in heavy 
industry in Europe, liquefied and transported to the coast of North Africa. There, the CO

2 
is combined with hydrogen in order to form methanol, which is then transported back to 
Europe. Of course, the latter expenditure is omitted when using the electricity or methanol 
in Africa. These are good prerequisites for implementing a Marshall Plan with Africa.
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As mentioned above, the efficiency of methanol production is about 70%. In consequence, 
an electricity volume of 140% has to be produced to obtain 100% of a desired amount of 
energy. It can thus be expected that the renewable electricity required for CO

2 recycling 
purposes, and thus for the production of methanol, corresponds to about 140% of the cur-
rent world energy consumption (2019). This is evident from the following:
The current 81% share of fossil fuels will grow by about 50%. Of these 50%, 80% are 
formed by methanolisation, a total of about 100 % of today’s energy consumption. Since 
the efficiency of methanol production is about 70%, about 140% of electricity volume 
is needed to produce the desired amount of methanol. This involves 20 billion tons of oil 
equivalent. This requires about 272,000 terawatt hours of electrical energy. The amount of 
energy used in 2050 thus reaches 340% compared to 100% today.
The apparent inefficiency of this process is not a problem, but rather at the core of the 
solution. Because renewable energy is very cheap in the sun deserts of the world, a 
much higher volume of carbon-based energy liquids than what is available today will be 
provided in this way (100:85). The total cost per 2 litres of methanol will be below today’s 
costs per litre of petrol. The electricity costs refer to today’s primary energy volume (oil 
equivalent) of 14 billion tons. This means that the additional electricity aspect of 140% 
is already covered. At a price of 200 or 400 EUR of electricity costs per double ton of 
methanol, this results in 2.8 or 5.6 trillion EUR, respectively (alternatively 3.1 or 6.2 tril-
lion USD). These billions and billions offer huge income opportunities to those countries 
with favorable conditions for electric methanol production. Africa should be able to ben-
efit with at least 1-2 trillion USD per year. That would be a good step forward in terms of 
the Marshall Plan with Africa.
The trillions mentioned should be seen in comparison with today’s expenditure on fossil 
fuels. They make up about 81% of the current world primary energy supply (oil equiva-
lents) of about 14 billion tons, thus about 11 billion tons of oil equivalents of primary en-
ergy. Today, around 7.7 trillion USD are put up per year world-wide for this. In the scenario 
up to 2050, there will be major transformations in this area.
Carbon-based energy sources will still provide the largest share of useful energy in 2050 
(125: 75), with useful energy doubling. If, however, the 140% renewables for methanol 
production are added, the figure is 125:215, i.e. renewables (together with other energy 
sources) dominate the picture with a share of almost 2/3 (cf. Fig. 7).
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Fig. 1. Per capita CO
2 emissions today and projected (2040), with possible reductions in 

blue, expected increases in yellow/orange), relative to population growth. The looming, mas-
sive surge in emissions in Africa and on the Indian subcontinent are dominating the picture.
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Fig. 2. What needs to be achieved?
Objectives of  a sustainable solution, especially for the climate

(Stabilising world population at 10 billion (This can only succeed with increas-
ing prosperity and realization of  the SDGs)

–Creating 20 million new jobs a year in Africa
–Not bringing any country into existential economic crisis situations
–Preventing a “nuclear winter” as a result of  a low intensity nuclear war
–Keeping the huge industries based on fossil fuels intact
–Achieving balance sheet CO

2 neutrality (e.g. via carbon recycling)
–Preserving rainforests (industrialized countries should pay for that)
–Organising massive reforestation in the tropics (industrialized countries 

should pay for it)
–Keeping soils intact and improving them (develop them into carbon sinks)
–Feeding humanity (reversing desertification, improving soil management)
–Preventing a two-class society in Europe
–Gradually overcoming the global two-class society
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Fig. 3. Projected global energy consumption

Source: Graphic modified, originally retrieved from Federal Institute for Geosciences and 
Natural Resources (BGR), Energy study 2016, scenarios according to IEA 2016: World Ener-
gy Outlook. Paris, France
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Fig. 4. Today’s carbon cycle

Fig. 5. Future “closed” carbon cycle
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Fig. 6. Energy situation 2019

Fig. 7. Energy situation 2050
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Fig. 8. Pathways to methanol (CH3OH) and its applications
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