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A process for monitoring the operation of hydrodeoxygena-

tion of a feedstock

The present invention belongs within the field of hydropro-
cessing units, more specifically hydroprocessing units for

the treatment of renewable feedstocks.

Environmental concerns about global warming and climatic
changes are the main drivers in the search of alternative
renewable energy sources to maintain the current increasing
level of energy use. Although different forms of renewable
energy (solar, wind etc.) will increasingly contribute to
the energy supply, it is expected that liquid transporta-
tion fuels will remain pivotal in the transportation sector
for decades to come. Currently, such transportation fuels
are mainly derived from crude o0il, and although electric
and fuel-cell powered vehicles are getting a growing share
of the passenger vehicle market, ligquid transportation
fuels derived from crude o0il remain important for heavy
duty road, rail and marine transport as well as in aviation
where electrification is not feasible. Liquid hydrocarbon-
based fuels can in principle be obtained from renewable en-
ergy sources such as electricity, e.g. by converting elec-
tricity to hydrogen by electrolysis of water and then using
it to reduce CO;. The problem of these solar fuels technol-
ogies is that they are still in their infancy, which ex-
plains the incentive to use natural gas (the cleanest burn-
ing fossil fuel) and renewable biomass as feedstocks in the

transition to a low-carbon economy.
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Hydrotreating, hydrocracking and hydroisomerization pro-
cesses share many common features, so they are often dis-
cussed together as “hydroprocessing”. Most hydroprocessing
units employ specialized catalysts. As the name implies,
they all consume hydrogen. Important chemical reactions in-
clude hydrodesulfurization (HDS), hydrodenitrogenation
(HDN), hydrodeoxygenation (HDO), the saturation of olefins
and aromatics, the conversion of large hydrocarbon mole-
cules into smaller hydrocarbons (hydrocracking) and the

isomerization of hydrocarbons (hydroisomerization).

Hydrocarbons may be produced from oxygenated hydrocarbons,
such as triglycerides, fatty acids, resin acids, ketones,
aldehydes or alcohols, where said oxygenates originate from
one or more of a biological source, a gasification process,
a pyrolysis process, Fischer-Tropsch synthesis, methanol
based synthesis or a further synthesis process. In this
process, the raw oxygenate feedstock is subjected to hydro-
deoxygenation (HDO). Chemically, HDO removes oxygen from
the feedstock molecules in the presence of gaseous hydrogen
and an HDO catalyst and rejects it in the form of water, CO

and CO;.

In a process for hydrogenation of a feedstock comprising
oxygenates, it is desirable to be able to determine the
need for replacement of a material that is catalytically
active in hydrotreatment. This is because catalyst deacti-
vation in connection with hydrotreating of renewable fuels
happens in another way than in fossil fuel hydrotreating,
and in connection with split injection of the feedstock it

may be desirable to have a protection bed arranged in the
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bottom of the hydrotreater to ensure that the dewaxing cat-

alyst is not poisoned by impurities and/or oxygen.

As regards split injection of the feedstock, the feedstock
can be injected in multiple beds, but preferably no feed-

stock is injected into the protection bed.

So the idea underlying the present invention is to arrange
a protection bed in connection with the HDO reactor. For
most plant designs, the bed will be arranged in the bottom
of the HDO reactor. However, it can also be arranged in a
separate reactor between the HDO reactor and the dewaxing

reactor.

More specifically, the present invention relates to a pro-
cess for monitoring the operation of hydrodeoxygenation of

a feedstock, comprising the steps of

- directing the feedstock to contact a material catalyti-

cally active in hydrotreatment,

- monitoring the temperature in multiple locations of said

catalytically active material, and

- providing an indication in a means for process monitoring
when the difference between the temperature in a first lo-
cation of said catalytically active material and the tem-
perature in a second location of said catalytically active
material is above a specified threshold wvalue, optionally

for a specified time of operation,

wherein the difference between the temperature in said



10

15

20

25

30

WO 2021/037987 PCT/EP2020/073986

first location of said catalytically active material and
the temperature in said second location of said catalyti-
cally active material is below said specified threshold

value during an initial time of operation.

The means for process monitoring is preferably a control
room screen, but the indication in the process monitoring
may also be triggering a local or remote warning to review

the performance of the catalytically active material.

The specified threshold may either be defined as an abso-
lute difference in temperature, or be defined as a relative
value, compared to the difference in temperature from the
inlet of said catalytically active material to the outlet
of said catalytically active material, also known as the

exotherm of the process.

The absolute threshold value may be 10°C, 20°C or 40°C. The
effect of the threshold being 10°C, 20°C or 40°C is related

to a balance between sensitivity and risk of false alarm.

When a moderate temperature increase of 10°C is seen over a
catalytically active material assumed to be in excess, and
thus not expected to show temperature increase, this will
typically be an early indication of the upstream material
having insufficient activity. When a higher temperature in-
crease of 20°C or 40°C the warning is closer in time to the

required time of action.

The relative threshold may be a more robust measure, espe-
cially in the case of varying feedstocks, showing different

exotherms. The exotherm in the processes in question may be
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from 40°C or 80°C to 150°C or 200°C, such that the exotherm
is sufficient for being an indicator of the activity of the
catalytically active material while not being too excessive
for operation. The relative threshold will typically be
10%, 20% or 40% of the actual or time weighted exotherm. In
this respect the exotherm is typically regarded as the dif-
ference in temperature from reactor inlet to reactor out-
let, and the temperature difference is typically measured

across a reactor catalyst bed.

Preferably the feedstock comprises one or more oxygenates
selected from the group consisting of triglycerides, fatty
acids, resin acids, ketones, aldehydes and alcohols, said
oxygenates originating from one or more of a biological
source, a gasification process, a pyrolysis process, a
Fischer-Tropsch synthesis, a methanol-based synthesis or a
further synthesis process. Such a process is a process be-
ing viable for receiving a wide range of feedstocks, espe-

cially of renewable origin.

The feedstock preferably originates from vegetables, plas-
tics, plants, algae, animals, fish, vegetable oil refining,
domestic waste, sewage sludge or industrial organic waste,

such as tall oil or black liquor.

While the invention primarily is targeted at hydropro-
cessing of feedstocks consisting of 100 % renewables, the
same challenges are present for co-processing mixtures of

fossil and renewable feedstocks.

Generally, it is possible to hydroprocess feedstock mix-

Q.

tures containing up to about 10 % renewables without having
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to revamp the hydroprocessing unit, but co-processing oper-

ation with 20% or 50% renewables may also be attractive.

The material that is catalytically active in hydrotreatment
preferably consists of one or more catalyst layers designed

specifically for fixed-bed hydrodeoxygenation purposes.

This way, the dewaxing reactor and the dewaxing catalyst
will both be protected, which leads to a longer lifetime of
the dewaxing catalyst. The protection bed also protects the
dewaxing catalyst against organic sulfur and nitrogen. Fur-
thermore, the protection bed enables hydroprocessing of
feedstocks with a high content of nitrogen and sulfur. The
protection bed, in addition, can be seen as a warning meas-
ure to the operator, because when the exotherm in this bed
(the difference in temperature from bed inlet to outlet)
starts to rise, 1t means that the beds on top of the pro-

tection bed have lost their activity.

Thus, in a process for hydrogenation of a feedstock com-
prising oxygenates, the invention relates to a method for
determining the need for replacement of a material that is
catalytically active in hydrotreatment. The process com-
prises the steps of directing the feedstock to contact a
material catalytically active in hydrotreatment and moni-
toring the temperature in multiple locations of said mate-
rial, wherein replacement of the material is determined as
needed when the increase in temperature over an amount of

the material exceeds a pre-defined limit.

Regarding prior art, US 9.938.469 B2 relates generally to



10

15

20

25

30

WO 2021/037987 PCT/EP2020/073986

processes and systems for the hydrodeoxygenation of an oxy-
genate feedstock that increases the conversion of oxygen-
ates to hydrocarbons while avoiding any detrimental effects
resulting from increasing the severity of the oxygenation
reaction. The systems comprise a catalyst-containing reac-
tor, a first and a second separator, a distillation appa-
ratus configured to separate solvents from unreacted oxy-
genates and a conduit to return the unreacted oxygenates to

the reactor.

In US 9.523.041 B2, a method is described which involves
reducing a pressure drop across a hydroprocessing reactor
having a reactor feed and producing a hydroprocessing prod-
uct, where the reactor feed includes a bio-0il feed and a
hydrocarbon diluent. The step of reducing the pressure drop
comprises stopping or substantially reducing the bio-oil
feed supplied to the reactor and supplying the hydrocarbon

diluent to the reactor.

Catalysts, methods and reactor systems for converting oxy-
genated hydrocarbons to various oxygenated compounds are
described in US 2015/0183701. The oxygenated compounds are
e.g. cyclic ethers, monooxygenates, dioxygenates, ketones,
aldehydes, carboxylic acids and alcohols produced from oxy-
genated hydrocarbons, such as carbohydrates, sugars, sugar
alcohols, sugar degradation products and the like, using
catalysts containing Group VIII metals. The oxygenated com-
pounds produced are useful in the production of chemicals,
liguid fuels and other products. None of these prior art
documents mention the possibility of - or the need for -
arranging a protection bed in the bottom of a hydrodeoxy-

genation reactor.
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Within the field of the invention, the standard solution
has so far been (1) not to use a protection bed in the HDO
reactor and (2) to use fewer catalyst beds altogether with
no warning before breakthrough to the dewaxing catalyst,
which is very selective towards isomerization. This has
meant that the end of run state of the catalyst in the HDO
reactor was realized with very short notice, thus hindering
any planned scheduling of catalyst exchange. The impact of
this is that the reactor will have to run with a deac-
tivated catalyst, which will lead to a decrease in capacity

and/or a yield loss.

The Applicant has recently launched a series of dewaxing
catalysts that are true isomerization catalysts: TK-910 D-
wax, TK-920 D-wax, TK-930 D-wax and TK-940 D-wax. Other
relevant catalysts are Applicant’s TK-928 and TK-939, spe-

cifically designed for improvement of cold flow properties.

By using an extra bed of catalysts as protection bed in the
bottom of the HDO reactor or in a separate reactor between
the HDO reactor and the dewaxing reactor, the following ef-

fects and advantages are obtained:

- a longer lifetime of the dewaxing catalyst,
- a better operability, and

- a warning before breakthrough to the dewaxing catalyst.

In addition, feedstocks with high contents of nitrogen and

sulfur can be handled.
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Further, there is a safety issue in connection with letting
oxygen compounds slip to the dewaxing catalyst. The oxygen
compounds will result in a very high exotherm, which is un-
acceptable for the dewaxing catalyst due to the risk of
temperature excursions, since the dewaxing catalyst is a
zeolite-containing catalyst. Thus, the dT over the dewaxing
temperature should be kept low in order to minimize this

risk.

The problem with the very high exotherm can be counteracted
by recycling part of the outlet from the HDO reactor to the
inlet thereof and/or adding a “diluent” gas not containing

oxygen to the inlet of the HDO reactor.

Experimental

Experiments have shown in more detail how - during a cycle
with renewables - the exotherm over time moves down through
the catalytic bed. These experiments used a bed consisting

of five consecutive catalyst layers as follows:

layer 1 3/16” Ring
layer 2 1/8” Ring
layer 3: TK-339 1/10” QL
layer 4 TK-341 1/10” QL
layer 5 TK-569 1/16” TL

where the TK-339 and TK-341 catalysts are designed for
fixed-bed hydrodeoxygenation (HDO) purposes, while the TK-
569 catalyst provides high hydrodenitrogenation (HDN) and
hydrodesulfurization (HDS) activity.
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This catalytic bed received a fresh feed stream. By specif-
ically watching the behavior of the exotherm (% dT) as a
function of the number of run days for bed no. 1, it was
seen that, in the beginning, most of the reactions take
place in layers 1, 2 and 3. But already after 50 run days,
the dT above these layers begin to decrease and move to
layer 4 as TK-339 starts to deactivate. Around run day 120,
the dT above layer 4 begins to decrease, while it begins to

increase in layer 5.

At the start of run (SOR), approximately 50 % of the dT is
happening in the HDO and HDN layer, and the hydrogenation
activity of the P guard starts to deactivate after around

100 run days. The HDO catalyst starts to deactivate after

X

130 run days, and more than 50 % of the dT has moved to
layer 5 (HDO/HDN) after 220 run days.

At the end of run (EOR) after 500 run days, almost all of
the reactions take place in the last layer, i.e. layer 5.
Furthermore, it is seen that approximately 45% of the dT is
happening in the TK-341 or TK-569 layers at the start of
run (SOR). After 50 run days, TK-339 starts to deactivate,
and TK-341 starts to deactivate after 120 run days, having

no more activity left after one year of catalyst life.

The TK-339 has no more activity left after 175 run days,
and more than 50% of the dT has moved to the TK-569 layer

after 200 run days.

In another experiment with four beds, it was observed that

around day 360, dT begins to decrease in beds 1 and 2, i.e.
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the two beds receiving a fresh renewable feed stream, while

the dT

serves

In the
of bed
jected

tions.

increases in bed 3 (which bed, in this experiment,

as the protection bed).

figure, a simplified run is shown, only including dT
1 and bed 3. At (a), fresh renewable feed is in-
into beds 1 and 2, which do all the renewable reac-

At EOR, shown as (b), 50 % of the exotherm is now

happening in bed 3, i.e. the protection bed, meaning that

this bed is now doing a significant part of the HDO reac-

tions.



