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RESIDUE UPGRADING TODAY
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Historically, upgrading the bottom of the barrel has been central to helping producers
achieve high levels of productivity, competitiveness, resilience & profitability.

Today we are faced with demanding challenges and promising opportunities - none more
so than looking to decarbonise the downstream sector and secure a more sustainable
future. So, what will be the role for Residue Upgrading & Conversion Technologies?

Before addressing the all-important topic of the Energy Transition, our panel touched on
OE and its primary pillars; Safety, Reliability and Profitability, highlighting that residue
conversion tackles the third pillar - refinery margin, producing more valuable products and
resilience of the refinery in the future. 

ENERGY EFFICIENCY - THE FIRST STEP ON THE
TRANSITION JOURNEY 

Embracing the Energy Transition requires resilience in the short to medium term. Residue
conversion will play an important role - a refinery with a delayed coker and/or residue
hydrocracker can achieve higher margins and become more resilient on longer runs. We
need to ask important questions; such as what is the carbon intensity and carbon impact of
these units and how can we minimise the carbon footprint? From an energy efficiency
perspective, it is important that these units are well designed and well run, and this
requires the input of all involved; the licensors, the operators and the consultants. 

In Europe, with record-high gas prices due to the Russia-Ukraine conflict, refineries have a
renewed focus on energy efficiency and in particular, furnace operation. They desperately
want to consume less natural gas while ensuring production is not impacted. Residue
conversion projects are being postponed and/or cancelled in favour of Energy Transition
projects due to the carbon footprint. Other companies are looking to get the balance right
between conventional and renewables - one such example is the INA with their delayed
coker project. Having a DCU project in one refinery, the plan is to convert a second refinery
it into a bio-refinery. Similarly for the MENA region, the panel doesn’t expect any real
emphasis on investment in residue upgrading. New residue upgrading projects will have to
be corner-stone projects to receive the required support from local authorities and the
community.

Here, in the MENA region, energy is not expensive - a benefit, but also a disadvantage when
it comes to the sustainability agenda. Equally, the legislation that exists in Europe and the
US - carbon pricing, quotas, etc - does not exist here, making it difficult to build a business
case. Even if you consider carbon capture you realise that the technology exists, but the
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infrastructure doesn’t. All that causes the MENA region to look at the Energy Transition
slightly differently and energy efficiency becomes the obvious and natural first step when
considering CO2 reduction and a lot is being done in this regard.

So where is future investment going?

European refiners are investing in renewable fuels production using either, co-processing
or dedicated units. Quite often they will need to revamp hydrotreatment units and when
they do this, catalysts are only considered a commodity. If they work the catalysts harder,
shortening the lifespan, so be it, they’ll regenerate more often. Or they try to meet specific
turnaround cycles of, for example, 4-5 years. It depends on the business case, but
sometimes working the catalysts harder and regenerating more often is beneficial. 

Do the panel expect it to go towards alternative transition projects, for example, waste-to-
fuel? There is talk, but perhaps it’s just a wish list. There is still demand for conventional
fuels, but that demand will probably begin to decline or flatten after about 5 years
especially if electric mobility gathers further traction. 

Licensors are also actively researching energy efficiency looking for options to reduce
consumption and CO2. Energy optimisation begins at the conception stage - for example,
increasing heat recovery from process units and heat sources, and using a new type of heat
exchanger to replace conventional equipment and reduce CO2. In the past, Licensors had
to work hard to convince customers of the benefits of new design approaches, but that has
changed more recently because Producers are also exploring ways to reduce their CO2 
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footprint. Furnaces are the main polluters in refineries - one Licensor is addressing this by
developing high-efficiency furnaces which deploy air pre-heating to increase efficiency by
up to 96%. They also acquired new technology to capture NOx and SOx from flue gas and
are developing electric heaters to replace fire heaters.

One regional producer is going a step further by exploring pressure recovery. Energy is not
expensive, but electricity is, especially when you consider it in terms of its carbon footprint
(electricity produced from oil), so they are looking into the possibility of producing
electricity from pressure recovery. The units' design supports it, but the technology has not
been implemented. For example, in high-pressure hydrotreating, going from high pressure
to low pressure, currently it is wasted, but it can be recovered, which would save energy
and minimise CO2.

Looking at energy efficiency slightly
differently, there is the potential to
process CO2 to Chemicals, thus removing
the need to capture the carbon. It could
be catalyst-based or technology-based,
or a combination of the two. Not a lot of
progress has been made to date, but it’s
an ideal solution worth pursuing. There’s
also the option to use solar energy -
something that is in abundant supply in
the MENA region - combine it with water,
use a homogeneous catalyst and create a
biofuel with zero emissions.

CATALYSTS - THE HEART OF THE REFINING PROCESS

The mention of customised solutions raised the topic of end-to-end solutions - providing
fresh catalysts and taking back spent catalysts - in particular, the recycling and
regeneration aspect. Catalysts contain a lot of valuable metals that may be reused for other
applications and industries. In the US for example, vanadium is termed a critical metal
because of its use in some strategic security applications. Vanadium is also used in the
manufacture of the redox flow battery (VRB) which can store clean energy for up to 30-40
years which is not the case with typical Lithium batteries. Rather than continuously mining
these materials, extracting and reusing these metals from spent catalysts supports the 

"Catalysts remain at
the heart of the
refining process
especially in the

context of the bottom
of the barrel."

New technologies developed during RnD provide continuous
improvements with Catalyst formulations however, much
remains to be done, whether with ebulated or fixed bed,
more challenging crudes will require additional adjustments
to the formulations. Working closely with customers and
gaining a better understanding of the feedstock quality and
requirements will allow for better, more customised
solutions.
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circular economy and reclaims value.  Having more control over the recycling of your spent
catalysts is key. There are different extraction methods and these can impact, for example,
the purity of the vanadium reclaimed. Equally, depending on the company you use, it is
possible to reclaim up to 87% of the molybdenum which in theory, then leaves you
vulnerable to only 13% of the market price of molybdenum when you purchase new
catalysts.

Equally, not recycling spent catalysts properly can seriously damage the reputation of the
refinery. So, end-to-end solutions help the environment, society and the refinery reclaim
value.

Catalyst lifecycle management is a real
challenge in the Middle East. Some producers
store their spent catalysts, but eventually,
this leads to stockpiles and offloading these
stockpiles becomes an issue. Other industries
can use these spent catalysts, like cement
factories, but often they refuse to accept
them because of the residual content of
heavy metals. Undoubtedly there is value in
extracting expensive materials like vanadium
and copper and there is good business
potential in the region, it just needs the right
service provider/s.

In the eastern province of Saudi Arabia, the Royal Commission has only approved one
service provider to dispose of and regenerate spent catalysts. So, for those refineries that
do regenerate their hydrotreating and hydrocracking catalysts, it's costly and the current
business model doesn’t give them any benefit from the value of the reclaimed materials.
Added to this, you can’t regenerate your spent catalysts indefinitely, you eventually have to
dispose of them. As a result, one Middle Eastern refinery is taking a different approach to
minimising the cost of catalyst recycling by extending the life of their catalysts, currently
from 4 to 6 years.  Such catalyst life extension is achieved by fine-tuning and carefully
managing their process.

European refineries took a similar approach about a decade ago, however in some plants,
they opted for shorter cycles. Not because of catalyst performance, but from a business
perspective, the LP calculation demonstrated that longer cycles can negatively impact yield.
Refiners with the right knowledge and experience know the importance of working closely
with their catalyst provider. If product demand changes, the catalyst provider, who also
understands the refiners’ units, can help them adapt their processes and catalysts to meet
these short-term market developments. 

Therefore, there are two obvious solutions for minimising the cost of catalyst handling and
dealing with spent catalysts in a ‘greener’ way:  one - to extend the life of your catalyst and
two - to encourage more service providers to come to the region to rejuvenate, regenerate,
extract precious elements and safely dispose spent catalysts.



PAGE |  07

Some catalyst providers do not provide recycling services but remain an integral part of
lifecycle management supporting the regeneration and reuse of catalysts over disposal and
use of new catalysts. Catalyst providers are continuously exploring ways to improve the
lifespan of catalysts without compromising stability - minimising the difference between the
start of the run and the end of the run, in terms of yield and product quality. If you can
increase the lifespan of your catalysts from 2 ½ to 5 years, this will have a significant impact
on ROI. The substantial increase in the cost of energy brought on by the current energy
crisis is having an impact on the cost of catalyst production and even though refining
margins are high, catalyst producers are working hard to minimise possible increases for
end users. Another consideration is sustainability, with catalyst providers trying to reduce
the carbon footprint of their own manufacturing facilities - some of the green solutions
being trialled are liquid catalysts and solutions for carbon capture. 

The panel are confident that more catalyst recycling service providers will enter the market,
but with the huge investment required, this will need the support of all producers as well as
governments. The regional in-country value programmes (IKTVA in KSA and ICV in other
GCC countries) encourage companies to manufacture locally and there is already an
agreement in place to construct and operate a world-class ‘Metals Reclamation Complex’
for the recovery and recycling of metals in Saudi Arabia. Welcome news, but is it
economically viable to build a catalyst recycling and disposal plant in each GCC country, or
will this cause over-supply? Possibly, the answer is for GCC Producers to use such facilities
collectively. 

The MENA region may lack the infrastructure needed to fully manage CO2, but it has other
potential in abundance - renewable energy from solar, wind and possibly even waves.
Companies need to be more creative and take more initiative to add value to
decarbonisation. These may not be paths to complete net zero, but everything we can do to
reduce carbon emissions will positively impact the region and beyond. There is pressure
from the investment community - IFC Performance Standards, World Bank Regulations,
Paris Agreement, etc - to demonstrate that everything that can be done, is being done,
even if they are smaller-scale initiatives. For example, a flare recovery system that captures
the fugitive emissions for use in the fuel system to reduce the consumption of natural gas.
Solar panels throughout your facility that reduce grid consumption and water recovery to
reduce electricity consumption to pump water. When you look at refining/petrochemicals
integration there is the potential to capture carbon and process it in the petrochemicals
complex and there is a benefit to be gained from the co-utilisation of hydrogen production.

Project managers at existing refineries are finding it increasingly difficult to get access to
finance with priority given to new projects that meet energy transition criteria; green
hydrogen, bio-processing, carbon capture and SAF. If you have a conventional refinery that
requires project finance to dismantle a MPV unit, who will invest in this? There needs be a
balance – existing assets and units still need to be maintained, revamped, expanded, etc.

INVESTMENT - TRANSITIONING AWAY FROM
CONVENTIONAL PROJECTS
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And from an investment perspective, what is net zero? You have got scopes 1, 2 and 3
emissions and depending on how these are accounted for, you may be considered a good
investment and yet, there will be no change, no reduction in the overall level of emissions.
So, if a refiner decides not to build a hydrogen production unit and instead has a third-
party build it and purchases only the hydrogen they require, this reduces their carbon
footprint, making them a more attractive investment proposition however, the regional, or
global carbon footprint has not changed.

One way to make your conventional processes look more sustainable is to source your
feeds from renewables - easier said than done. One refinery that was designed to process
one type of crude only can be taken as an example - little-by-little, it began its journey with
certification to co-process used cooking oil (UCO). Now, with its ISCC certification, it
processes TACOIL and sees a future in processing plastic. It won’t be easy, they will begin
with a low concentration because there’s still PVC in plastics, but they are determined to
continue to explore new, recycled feedstocks and continue to research the technology. As
they continue to increase the percentage of co-processing with recycled feedstock there
will be a need for new catalysts and unit modifications.

Flexibility is key, in terms of feedstock selection and availability, and in terms of design for
new units, or repurposing of existing units to co-process, or produce renewable diesel. In
some cases, consultants have been asked for feasibility studies for up to 7 different types
of feedstocks - one, to ensure the units can run them, but also from a source security
perspective, i.e. if supply volumes for one feedstock were low, they want assurances they
can source another and the units can run it.
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Having said that, some regional producers don’t see the business case in co-processing
cooking oil, because there isn’t a domestic source or a ready supply of cooking oil, so it has
to be imported making it expensive. Equally, although there are a few pilot projects
processing waste to plastics, the collection infrastructure isn’t in place yet to scale this up
to commercial production.

The sustainability conversation raised the question - is there a recognised reporting system
to measure the amount of CO2, or hydrogen emitted from a process - is there a standard
the whole industry uses, or does each company have their own? Some panellists spoke of
following international standards, like Lloyds Register, and others of following company
auditing procedures, but there wasn’t one uniform, international standard identified.
Instead, the assumption is that different regions have different standards and a more
uniform standard should be developed. The underlying question was, does the current
environment allow for companies to move their CO2 balance from one region to another? 

"When energy
efficiency and

investment combine,
you get a large,
state of the art

refinery..."

When energy efficiency and investment combine, you get
a large, state-of-the-art refinery, as is the case for one of
our regional producers - construction is complete,
utilities have been commissioned, the hydrogen
production unit has been commissioned with more to
come. It has two flare types; elevated and ground, to
reduce emissions and noise, and a modern flair recovery
system. It has a Zero liquid discharge (ZLD), strategic
wastewater management system and high-efficiency
heaters equipped with cutting edge monitoring systems. 

HYDROGEN - THE ENVIRONMENT VS ECONOMICS
CONUNDRUM

Hydrogen was the next topic for discussion with government incentives, or the lack thereof,
the immediate concern. Without government incentives, why would you use an expensive
electrolyser over less expensive, conventional methods to produce hydrogen when
ultimately, the customer receives the same molecular composition?

There are some refiners, especially in Europe, who have taken the decision to invest
directly in on-site green hydrogen production using renewable energy, with a limited few
using nuclear energy (SMR’s). For others, there is no direct investment, but they encourage
a 3rd party to build their hydrogen production facility adjacent to the refinery. This 3rd
party sells their hydrogen to the refinery, but also to other neighbouring industries.

In the MENA region, the advantages to the refiner haven’t been made clear. It is obvious, if
you produce hydrogen for sale, but not so much if you produce hydrogen for your own
consumption, especially with the extra cost of producing green hydrogen. It makes more
sense, from a CO2 emissions perspective, to outsource your hydrogen production because, 
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if it is not produced at your plant, from an international standards perspective, it’s
classified as a feed, not a fuel, so it doesn’t affect your scope 2 audit. Another option, if you
produce hydrogen in-house, is to import green hydrogen to balance it out. It is
complicated, but you can add green hydrogen to the flue gas you burn to reduce overall
CO2 emissions.

The accounting system will change soon. Perhaps it will consider total eco-balance, or it
might mandate that only diesel or other certain products are made, or that a certain
percentage of green hydrogen must be used in the conversion process. This type of
mandate requires a considerable amount of new product and process research, and the
cost of research is prohibitive for many. Perhaps if they can create a model that provides a
financial return on research, more companies would actively engage in developing new
solutions.

On the blue versus green hydrogen dilemma,
the first consideration is what to do with the
green hydrogen once it’s produced. Do you use
it for electricity, or should you produce
ammonia and sell it, or export it? Both options
require additional investment. Then the
question is, who should produce green
hydrogen? Should it be the refiner - after all,
the refinery already produces and consumes
hydrogen, it is key to refining processes.

The refiner knows the environmental benefits of producing green hydrogen, but while
natural gas remains so affordable in this region, the obvious choice, from a purely business
perspective, is blue hydrogen. In Europe, producing green hydrogen makes good business
sense, but that’s because of the current, exorbitant cost of gas. In the MENA region
producing hydrogen from natural gas is far less costly than using electrolysis. This will
change of course, but if the economics don’t change, it may require legislation to tip the
scales.
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RESIDUE UPGRADING – STILL NEEDED 
 

One fact remains, refiners will need to continue upgrading
heavier, lower-value components and increasing conversion
to curb low-value fuel oil production. With the shift toward
petrochemicals and chemicals, there will be new
opportunities and new diverse revenue streams.

Catalysts will play a central role in reaching these objectives.
Innovations & improvements will help to diversify, increase
profitability, maximise production, increase integration &
develop new revenue streams. Making the right selection in

"Refiners will need to
continue upgrading
heavier, lower value

components and
increasing

conversion..."

terms of catalyst management, waste management, and different recovery & regeneration
techniques are highly important when it comes to deciding on the best operational strategy
for the coming years.

BBTC MENA 2023 will gather regional and international refining and petrochemicals
leaders to discuss all of the above and more, so join us in Bahrain from 25-26 January 2023
and be part of this important conversation - for more information regarding the event,
please click here.
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