Synthetic Fuels: A Comprehensive Study Guide
Here is a study guide on synthetic fuels, drawing from the provided source:
I. Introduction to Synthetic Fuels and the Debate

o Synthetic fuels are presented as a potential solution to save the internal combustion
engine and negate the need for electric cars, often touted as "carbon neutral fuel" or
"next-generation petrol".

e The primary question surrounding synthetic fuels is whether they can work against or
even with electric cars, or if they are merely a "complete distraction' from other
solutions.

I1. Understanding the Problem: Fossil Fuels and Their Impact

e Internal Combustion Engines (ICEs) require hydrocarbons, traditionally obtained from
crude oil beneath the Earth's surface.

e The process of burning petrol or diesel in a car's engine releases hydrocarbons, carbon
dioxide (CQO2), nitrogen oxides, sulfur dioxide, particulate matter, and ozone into the
atmosphere.

e CO2 Emissions from Fuel:

o Every liter of petrol produces 2.37 kilograms of CO2.

o Every liter of diesel produces 2.72 kilograms of CO2.

o For example, an §83-liter BMW X35 tank can produce 226 kilograms of CO2 per
tank, leading to about five and a half tons of CO2 annually for a car driven
10,000 miles a year.

o With approximately 1.5 billion cars globally, the total CO2 pumped into the
environment is "quite substantial".

e Environmental Consequences:

o Excess carbon in the atmosphere traps heat, leading to global warming.

o The vast majority of climate scientists agree on a link between increasing
atmospheric CO2 levels and rising temperatures, which causes climate change.

o This global concern is the reason for international efforts like COP26 to reduce
carbon footprints.

ITI. What Are Synthetic Fuels and How Do They Work?

e Core Concept: Unlike fossil fuels that extract hydrogen and carbon from crude oil,
synthetic fuels combine hydrogen harvested from water with carbon extracted from
the air.

e Carbon Neutrality (Theoretical): When burned, synthetic fuel still emits CO2 into the
atmosphere. However, because the carbon was initially taken from the air, the process is
theoretically "carbon neutral" — you are "borrowing" CO2 and then returning it, making
it a "sustainable solution".

IV. The Energy-Intensive Production Process



e Electricity is the Key Ingredient: Nothing is free; synthetic fuel production requires a
"quite a lot of electricity".

e Steps in Production:

1. Hydrogen Production: An electrolyzer uses electricity to separate water into
hydrogen and oxygen through electrolysis.

2. Carbon Capture: Techniques like direct air capture use machines that function
like massive air dehumidifiers to suck in air and capture CO2, leaving pure air.
These devices also require electricity.

3. Synthesis: More electricity is needed for another round of electrolysis to combine
the captured CO2 with hydrogen to create synthetic methanol, which can then be
turned into synthetic diesel and petrol.

e Requirement for Carbon-Neutral Electricity: For synthetic fuels to be truly carbon-
neutral and sustainable, all the "crazy amounts of electricity required to make this
stuff has to be... carbon neutral". If "dirty electricity" (from fossil fuels) is used, then
the process generates CO2 during production and again during combustion, rendering it a
"complete waste of time" and negating its purpose.

V. Efficiency and Environmental Comparison with Electric Vehicles (EVs)

o EVs vs. Synthetic Fuels (CO2 Footprint):

o Electric cars can be greener than petrol cars even if their electricity comes from
fossil-fueled power plants because the cars themselves don't emit new CO2 into
the air. There is only one source of CO2 emissions (the power plant).

o With synthetic fuels, if "dirty electricity" is used for production, CO2 is generated
in that process, and then more CO2 is generated when the fuel is burned in the
car.

o EVs: CO2 might be involved at the beginning (electricity generation), but ""no
CO2 at the end" (tailpipe emissions).

o Synthetic Fuels: "you always have CO2 at the end" (tailpipe emissions),
making CO2 at the beginning (dirty electricity for production) pointless.

VI. Challenges and Limitations of Synthetic Fuels

o Electricity Source & Location:

o The existing electricity grids in places like Europe or America are generally not
suitable for making synthetic fuel due to their carbon intensity.

o Production requires locations with an abundance of carbon-neutral
electricity from sources like wind, waves, or solar. Chile, South America, is
cited as an example of such a location.

o Transportation:

o Once produced, synthetic fuel needs to be transported from production sites (like
Chile) to consumption areas (like North America or Europe).

o This would require large ships, which are "one of the most polluting things on the
planet". While theoretically these ships could run on synthetic fuel, it introduces
another layer of complexity.

e Scalability & Demand:



The short answer to whether enough synthetic fuel can be produced to keep every
car on the planet running is ""No"".
Porsche's Example: Porsche, a key player in synthetic fuel research, aims for a
production of 55 million liters by 2024 and half a billion liters by 2026 at their
facility in Chile.
Insignificant Volume: This amount is "literally nothing" compared to global
consumption:

= The UK alone consumes 45 to 50 billion liters of fuel annually.

= America consumes 467 billion liters annually.
Porsche's goal is not to save the internal combustion engine generally, but to
save their internal combustion engines, specifically for their old cars used at
experience centers and in race series.
Even if major oil companies switched, the undertaking would be "massive," and
there are likely not enough places on the planet to produce the "whopping
amounts of renewable energy" required to produce the "whopping amounts of
synthetic fuel" for global car and shipping needs, especially considering other
electricity demands (e.g., laptops).

o Inefficiency:

o

The process is "really inefficient". It involves using clean electricity to make
hydrogen, then more electricity to capture CO2, and then more electricity to
combine them.

This effectively wastes much of the initial electricity and the useful energy form
created at the beginning: hydrogen.

VII. Alternative: Direct Use of Hydrogen

o The source suggests that instead of going through the energy-intensive process of
creating synthetic fuel, it would be more efficient to stop at hydrogen and use that
directly in a fuel cell to power planes, trains, or ships.

e Using hydrogen directly in a fuel cell results in ""zero emissions at the start and at the

end".

VIII. Conclusion on Synthetic Fuels for Cars

o Synthetic fuels are ""'not coming to save us from electric cars".

e They might help "preserve the handful of ICE cars that we want to save from
extinction if they have a Porsche badge on the front, but that's about it".

o Their potential for other types of transport, such as ships or planes, is mentioned as
"worth considering," but still faces significant challenges in terms of volume and
efficiency.



