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Green innovations
series:

Biofuels

While electrification is arguably the best green
option for cars light-duty vehicles over the longer
term, biofuels can provide a low-carbon solution
for heavy-duty trucks, ships, and aircraft -- which
have fewer viable medium-term decarbonization

options.’

More than 40%? of global oil production is supplied
by the ‘OPEC +' nations. The risks of a market in which
supply is controlled by a few sellers and demand is
inelastic are obvious, and geopolitics merely adds to
those. Within the European Union, almost 60%3 of oil
demand is consumed by transportation, making

decarbonization and energy sovereignty top

1. Hydrogen, which we will discuss in another edition of this series, is a long way off.
2. IEA - Oil market report Oil Market Report - March 2023 - Analysis - IEA, accessed 23 May, 2023.
3. Eurostat, as of 2021. Oil and petroleum products - a statistical overview - Statistics Explained (europa.eu) Accessed April, 2023.
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https://www.iea.org/reports/oil-market-report-march-2023
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Oil_and_petroleum_products_-_a_statistical_overview&oldid=315177#Consumption_in_sectors

The future has arrived

Biofuels date to the early days of the automobile.
Indeed, Rudolf Diesel’s engine was initially designed
to run on peanut oill Three decades later and on the
other side of the Atlantic, Henry Ford proclaimed that
ethanol produced from agricultural crops would be
‘the fuel of the future.’ Critics added, ‘and it always

will be.’

Biofuels are likely to become a significant lever for the
energy transition. While rarely discussed, they are
already widely used in our daily lives. When you refuel
at a gas station, you are probably purchasing a mixture
of diesel and biodiesel (the European B7 diesel
contains 7% biodiesel) or gasoline and ethanol (The

E10 gasoline contains up to 10% ethanol).*

However, due to the abundance and low cost of
petroleum, biofuels were largely ignored in favour of

fossil fuels during the 20th century. It was not until

the oil crises of the 1970s that the desire to reduce
dependency on oil imports sparked renewed interest

in biofuels.

The market is already significant. Biofuels represent
6.8%° of the 2020 fuel consumption for road
transportation in Europe. In the US it is already 10%
of gasoline consumption. In California, thanks to the
LCFS program, or Low Carbon Fuel Standard, renewable

diesel now makes up 20% of total diesel demand.

The IEA, or International Energy Agency, expects
biofuel growth to reach 20%° of transport energy
within five years, driven by policies such as the EU’s
target of 14% biofuel utilization in transport by 2030.
The US offers to drive higher penetration, while China,
Brazil, Indonesia, and India are also notable growth
markets. The IEA estimates that biofuels could
contribute as much as 15% of global transport energy
use by 2030.

Figure 1 Projected biofuel share of transport demand, selected countries
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Source: IEA, Paris. Renewables 2022, Analysis and forecast to 2027, accessed 22 May, 2023. Used under Creative

Commons license, format adapted.

4. H"Much of petroleum diesel fuel sold in the United States actually contains up to 1% biodiesel because of biodiesel’s lubrication qualities.”
U.S. Energy Information Administration, 29 June, 2022. Biofuels explained - use and supply. Accessed 22 May, 2023.

5. European Environment Agency, Greenhouse gas intensities of transport fuels in the EU in 2020: Monitoring under the Fuel Quality Directive.

February, 2022. ETC CM Eionet. Accessed April, 2023.

6. IEA - Biofuels report, September 2022. Biofuels - Analysis - I[EA accessed April, 2023,

CANDRIAM - GREEN INNOVATIONS SERIES: BIOFUELS

%> CANDRIAM


https://iea.blob.core.windows.net/assets/ada7af90-e280-46c4-a577-df2e4fb44254/Renewables2022.pdf
https://www.eia.gov/energyexplained/biofuels/biodiesel-rd-other-use-supply.php#:~:text=Much%20of%20petroleum%20diesel%20fuel,tanker%20trucks%20for%20local%20distribution.
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjqnsywnfr-AhX8hv0HHeBWB9cQFnoECAkQAQ&url=https%3A%2F%2Fwww.eionet.europa.eu%2Fetcs%2Fetc-cm%2Fproducts%2Fetc-cm-report-2022-02%2F%40%40download%2Ffile%2FETC%2520CM%2520Eionet%2520report%25202022_2_3.pdf&usg=AOvVaw2hfzWJ3J2FgxAMdZ0XxtH5
https://www.iea.org/reports/biofuels

The three ages of biofuels

Biofuels are derived from biological materials such as
plants or organic waste. They can be classified into
three generations, based on the feedstock and the

production technology used:

* First-generation biofuels: Produced from food crops rich in sugar, starch, or oil, these biofuels are the

most widely adopted and commercially viable. Their production has raised concerns about competition

with food production, and about land-use change and deforestation. The two main fuels are biodiesel

and bioethanol.

- Biodiesel is produced mainly from vegetable oils including soybean, rapeseed/canola, or palm oil.

Biodiesel can be used in diesel engines without any modification and is often blended with petroleum

diesel.

- Bioethanol is an alcohol fuel produced by fermenting sugars such as sugarcane, corn, and sugar beets.

Bioethanol can be blended with gasoline or used as a standalone fuel in flex-fuel vehicles such as

those in Brazil.

* Second-generation biofuels use feedstocks which are more abundant and have less impact on food

production, but the production processes are more complex. They use non-edible crops and biomass

waste such as food waste, agricultural waste and forestry waste.

* Third generation biofuels use feedstocks with no food value, high yields with virtually no land requirement,

and relatively low-cost production requirements. The main feedstock explored to date is algae, but

production is not yet commercially viable. Many companies have exited this technology, and itis in a very

early stage.

The second-generation biofuels utilizing animal fats,
used cooking oil, and non-edible vegetable oils to
produce renewable diesel (RD) or Biojet (for blending
with jet fuel) is currently one of the most exciting areas
for decarbonization of transportation. The production
of these second-generation biofuels helps to
decarbonize two of the most challenging segments
in transportation, heavy-road transport and

aviation.

Second-generation renewable diesel provides several
advantages over first-generation biodiesel, particularly
because it can be used almost interchangeably with
diesel. Depending on the feedstock, this carbon

intensity reduction can be significant.

For example, Diamond Green Diesel, a US renewable
diesel producer, estimates an 80% reduction in carbon
intensity compared to fossil fuel diesel when utilizing
used cooking oil, and a 68% reduction when using

animal fats.’

7. Valero, Basics-of-refining-and-renewable-diesel-2023.pdf (q4cdn.com), page 24. Accessed April, 2023.
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Diamond Green Diesel
estimates an 80% reduction
in carbon intensity compared
to fossil fuel diesel when
utilizing used cooking oil.




Figure 2: Feedstock Carbon Intensity
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Source: Diamond Green Diesel/Group Valero, Copyright © Valero Marketing and Supply Company 2001-2002. All rights reserved.
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The food vs fuel debate

The availability of feedstocks has become a limiting
factor for new entrants. The growth of renewable
diesel (RD) in the US, driven both by regulations in
California and by Federal tax credits, has been
significant, with capacity expanding by 44% in 2022.%
Yet many producers are unable to access waste
feedstocks or lack the capacity to treat them, resulting
in the use of vegetable oils such as soybean or palm

oil.

Renewable is not enough. First generation biofuels
have been directly linked to deforestation, land-use
change, and negative impacts on local communities in
certain regions, which has pushed some regulators
such as those in Europe to limit their use. The US and
Europe are feedstock

planning to strengthen

requirements to reduce competition with food

production for arable land.

8. IEA - Biofuels report Biofuels - Analysis - I[EA, accessed April, 2023.

These concerns are valid and require monitoring.
Happily, according to the IEA, in 70% of renewable
diesel in 2021 was derived from wastes and residues.
It can be done, so incentives must continue to develop
growth in this area while capping the production of
first-generation biofuels. In advanced economic,
production of first-generation biofuels is already on
the decline. Globally, however, the decline has been

offset by growth in emerging economies.

At Candriam, as responsible investors, we have a strict
policy on palm oil requiring that companies in which
we invest demonstrate that their sourcing is SR
sustainable,) and with a clear policy in place against

deforestation.?

9. The Candriam Exclusion Policy is available on our website at SRI Publications_Candriam Policies_Candriam Exclusion Policy
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https://www.iea.org/reports/biofuels
https://www.candriam.com/en-be/professional/insight-overview/publications/#sri-publications

To space and beyond?

The renewable diesel (RD) market is dominated by two
players: Finnish refiner Neste and US-based Diamond
Green Diesel’, Several large oil companies are also
presentin the market -- typically entering by converting
refineries. Chevron entered the RD category in 2022
through its $3 billion acquisition of US-based
Renewable Energy Group. Incumbents such as Neste
and Diamond Green Diesel usually have better access
to waste residues for feedstock, while new players and
reliant on

oil companies find themselves more

vegetable oils.

‘Biojet’, or Sustainable Aviation Fuel (SAF), is seen as
the future growth area for the industry. Aviation
currently contributes 2.5%'° of global CO2 emissions,
and aviation emissions continue to grow. Electric and
hydrogen solutions are still far in the future for
aviation, leaving SAF as the only viable medium-term
solution - unless, of course, we can reduce air traffic.
SAF has been certified under the ASTM standards for
global aviation, for up to 50% of the aviation fuel blend.
The SAF market is still in an early stage. In 2021, the
US produced only 19 million gallons of SAF, which pales
in comparison to the 20 billion gallon annual
consumption of US airlines before the pandemic. This
fuel consumption is forecast to double by 2050.
Thankfully, the incentives in place are driving
exponential growth in the SAF market:
+ The Biden administration in the US aims to produce
3 billion gallons of SAF by 2030 and has introduced
a tax credit as an incentive.
+ In Europe, regulation requires SAF blending to reach
2% by 2025 and 5% by 2030.
+ The global airlines industry has agreed on a voluntary
plan called CORSIA (Carbon Offsetting and
Reduction Scheme for International Aviation) to

stabilize the industry’s CO2 emissions.

SAF is currently two to three times more expensive
than traditional jet fuel,” but the market opportunity
is attracting a number of new entrants. Over the next
five years, the supply of SAF is expected to compound
at a 54% annual rate, compared to just 19% for

renewable diesel.”?

Beyond environmental concerns, one risk to the
expansion of this carbon solution is the volatility of
feedstock prices. The second-generation technologies
are likely to solve this problem through vertical
integration to increase the predictability of access to

and prices of feedstocks.

Because of the potential growth of the biofuels market,
investors may wish to position part of their portfolio
in this market. It is therefore essential to make a
precise assessment of these players, the technologies
they use, the environmental benefits associated their
biofuel technologies and their potential growth,
beforehand. At Candriam, because we've been
considering “green energy” in our sustainable
portfolios for over 25 years, we have the knowledge
and vision to help you make the transition to biofuels.
Although we recommend that you peddle your bicycle
or take the train, the next time you fly, consider
blending some SAF, Neste already serves 50 airlines.
you fly, consider blending some SAF, Neste already

serves 50 airlines.

10. Global Carbon Budget 2019, aviation only, accessed April, 2023. Carbon Budget (globalcarbonproject.org).

11. Boeing CEO warns climate-friendly biofuels will ‘never achieve the price of jet fuel’ | Financial Times (ft.com)

12. BNEF Renewable Fuels Project Tracker, 2023 Global Renewable Fuel Projects Tracker (1.2.1) | BloombergNEF (bnef.com), accessed April, 2023.
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https://www.globalcarbonproject.org/carbonbudget/
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https://www.bnef.com/login?r=%2Finsights%2F26611

This marketing communication is provided for information purposes only, it does not constitute an offer to buy or sell financial instruments, nor does it
represent an investment recommendation or confirm any kind of transaction, except where expressly agreed. Although Candriam selects carefully the data
and sources within this document, errors or omissions cannot be excluded a priori. Candriam cannot be held liable for any direct or indirect losses as a result
of the use of this document. The intellectual property rights of Candriam must be respected at all times, contents of this document may not be reproduced
without prior written approval. Candriam consistently recommends investors to consult via our website www.candriam.com the key information document,
prospectus, and all other relevantinformation prior to investing in one of our funds, including the net asset value (“NAV) of the funds. This information is available
either in English or in local languages for each country where the fund's marketing is approved.
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