Method, Apparatus and System for Whole Process Optimization of

Molecular-level Oil Refinery Processing and Storage Medium

Technical Field

The present disclosure relates to the technical field of petroleum processing and,

in particularly to an optimization method, apparatus, and system for a whole process

of molecular-level oil refinery processing and a storage medium.

Background
Due to the large number of molecular species in crude oil, the refining and

production process of oil products is very complicated. In order to maximize the
utilization of crude oil resources, the most important point is to realize the overall
optimal configuration of crude oil molecules in a whole process of oil refinery
processing, so as to maximize the overall benefits. The overall optimization
technology of a whole process of oil refinery processing has always been one of the
research hotspots and difficulties.

Summary of the Invention

To address the problems of the related art, at least one embodiment of the present
disclosure provides an optimization method, apparatus, and system for a whole
process of molecular-level oil refinery processing and a storage medium.

In a first aspect, the present disclosure provides an optimization method for a
whole process of molecular-level oil refinery processing, the optimization method
comprising:

acquiring molecular composition of crude oil,

acquiring molecular composition of various fractions obtained by distillation of
the crude oil according to physical properties of various single molecules in the
molecular composition of the crude oil;

respectively inputting, according to a preset feedstock ratio, the corresponding
fractions into a product prediction model of a respective petroleum processing device

as petroleum processing feedstocks, to obtain molecular composition of a



corresponding predicted product and content of each single molecule in the predicted
product;

blending each of the predicted products which is used as a product blending feedstock
according to a preset rule set, to obtain molecular composition of a plurality of mixed
products and content of each single molecule in each of the mixed products;

respectively calculating a product property of each of the mixed products according to
the molecular composition of each of the mixed products and the content of each single
molecule in each of the mixed products; and determining whether the product property of
each of the mixed products meets any preset standard in a preset standard set;

if the product property of each of the mixed products meets any preset standard in the
preset standard set, acquiring a target parameter according to all mixed products and
determining whether the target parameter meets a preset condition; and

if the target parameter does not meet the preset condition, adjusting the preset
feedstock ratio, a parameter in the product prediction model and a preset rule in the preset
rule set, to re-obtain a plurality of mixed products until the product property of each of the
mixed products meets any preset standard in the preset standard set and the target
parameter meets the preset condition.

In the above technical solutions, if the target parameter meets the preset condition, it
can be considered that the solution at this time is an optimal solution, and production and
processing can be considered according to this solution. In particular, the preset feed ratio,
the product prediction model, and the preset rule set may be outputted as a production and
processing scheme.

Based on the above technical solutions, embodiments of the present disclosure may
also make improvements as follows.

In combination with the first aspect, in a first embodiment of the first aspect, the
optimization method further comprises:

acquiring an input flow of petroleum processing feedstocks input to each of the
petroleum processing devices;

determining whether each of the input flows meets a preset input flow range of the
respective petroleum processing device; and

adjusting the preset feedstock ratio if any one of the input flows does not meet the
preset input flow range of the respective petroleum processing device, and respectively re-

inputting, according to the adjusted preset feedstock ratio, the corresponding fractions into



the product prediction model of the respective petroleum processing device as
petroleum processing feedstocks, until each of the input flows meets the preset input
flow range of the respective petroleum processing device.

In the first embodiment of the first aspect, if each of the input flows meets the
preset input flow range of the respective petroleum processing device, it is believed
that a subsequent step may be carried out, namely, the step of obtaining molecular
composition of a corresponding predicted product and content of each single molecule
in the predicted product is performed.

In combination with the first aspect, in a second embodiment of the first aspect,
the optimization method further comprises:

acquiring molecular composition of the petroleum processing feedstocks input to
each of the petroleum processing devices and content of each single molecule in the
petroleum processing feedstocks;

calculating a physical property of each single molecule in the petroleum
processing feedstocks, calculating a feedstock property of the petroleum processing
feedstocks according to the physical property of each single molecule and the content
of each single molecule in the petroleum processing feedstocks;

determining whether each of the feedstock properties meets a preset physical
property restriction interval of the respective petroleum processing device; and

if any of the feedstock properties does not meet the preset physical property
restriction interval of the respective petroleum processing device, adjusting the preset
feedstock ratio, and respectively re-inputting, according to the adjusted preset
feedstock ratio, the corresponding fractions into the product prediction model of the
respective petroleum processing device as petroleum processing feedstocks, until each
of the feedstock properties meets the preset physical property restriction interval of
the respective petroleum processing device.

In the second embodiment of the first aspect, if each of the feedstock properties
meets the preset physical property restriction interval of the respective petroleum
processing device, it is believed that a subsequent step may be carried out, namely,
the step of obtaining molecular composition of a corresponding predicted product and
content of each single molecule in the predicted product is performed.



In combination with the first aspect, in a third embodiment of the first aspect, the
acquiring a target parameter according to all mixed products and determining whether
the target parameter meets a preset condition comprises:

acquiring a product price of each of mixed products and a yield of each of mixed
products;

calculating a product benefit of each of mixed products according to the yield of each
of mixed products and the product price of each of mixed products;

accumulating the product benefit of each of mixed products to obtain a cumulative
benefit;

acquiring a feedstock price of each group of the petroleum processing feedstocks and
an operating cost of each of the petroleum processing devices;

subtracting feedstock prices of all petroleum processing feedstocks and operating
costs of all petroleum processing devices from the cumulative benefit to obtain a
comprehensive benefit;

serving the comprehensive benefit as the target parameter;

determining whether the comprehensive benefit reaches a maximum value;

determining that the target parameter meets the preset condition if the comprehensive
benefit reaches the maximum value; and

determining that the target parameter does not meet the preset condition if the
comprehensive benefit does not reach the maximum value.

In combination with the first aspect, in a fourth embodiment of the first aspect, the
optimization method further comprises:

if the product property of any mixed product does not meet any preset standard in the
preset standard set, adjusting the preset rule in the preset rule set and blending each of the
product blending feedstocks according to the adjusted preset rule set, to re-obtain a
plurality of mixed products until the product property of each of the mixed products meets
any preset standard in the preset standard set.

In combination with the first aspect, in a fifth embodiment of the first aspect, the
respectively calculating a product property of each of the mixed products according to the
molecular composition of each of the mixed products and the content of each single
molecule in each of the mixed products comprises:



acquiring molecular composition (i.e., first molecular composition) of each
group of the product blending feedstocks and content (i.e., first component content) of
each single molecule in each group of the product blending feedstocks;

based on the preset rule set, obtaining molecular composition (i.e., second
molecular composition) of each of mixed products and content (i.e., second
component content) of each single molecule in each of mixed products according to
the first molecular composition of each group of the product blending feedstock and
the first component content of each single molecule in each group of the product
blending feedstocks;

calculating a physical property of each single molecule in each of the mixed
products according to the number of groups of each group contained in each single
molecule in each of the mixed products and a contribution value of each group to the
physical property; and

calculating a product property of each of the mixed products according to the
physical property and the second component content of each single molecule in each
of the mixed products.

In combination with the second embodiment or the fifth embodiment of the first
aspect, in a sixth embodiment of the first aspect, calculation of the physical property
of each single molecule comprises:

for each single molecule, acquiring the number of groups of each group
constituting the single molecule and a contribution value of each group to the physical
property; and

inputting the number of groups of each group constituting the single molecule
and the contribution value of each group to the physical property into a pre-trained
property calculation model, to acquire the physical property of the single molecule
outputted by the pre-trained property calculation model.

In combination with the sixth embodiment of the first aspect, in a seventh
embodiment of the first aspect, before the inputting the number of groups of each
group constituting the single molecule and the contribution value of each group to the
physical property into a pre-trained property calculation model, the optimization
method further comprises:

comparing the number of groups of each group constituting the single molecule

with molecular information of a template single molecule with known physical



properties pre-stored in a database, the molecular information comprising the number of
groups of each group constituting the template single molecule;

determining whether there is a same template single molecule as the single molecule;

if there is a same template single molecule as the single molecule, outputting the
physical properties of the template single molecule as a physical property of the single
molecule; and

if there is not a same template single molecule as the single molecule, then
performing the step of the inputting the number of groups of each group constituting the
single molecule and the contribution value of each group to the physical property into a
pre-trained property calculation model.

In combination with the first aspect, in an eighth embodiment of the first aspect, the
acquiring molecular composition of various fractions obtained by distillation of the crude
oil according to physical properties of various single molecules in the molecular
composition of the crude oil comprises:

acquiring each single molecule in the crude oil and the content of each single
molecule;

calculating a boiling point of each single molecule, respectively; and

cutting the crude oil by distillation according to a preset fractional distillation range to
obtain multiple fractions, and determining a single molecule and content of each single
molecule contained in each of the fractions according to the boiling point and the content
of each single molecule in the crude oil.

In combination with the eighth embodiment of the first aspect, in a ninth embodiment
of the first aspect, the optimization method further comprises:

for two fractions with adjacent distillation ranges, taking the fraction with a relatively
high temperature in the distillation range as a first fraction, and taking the fraction with a
relatively low temperature in the distillation range as a second fraction;

determining an overlapping interval of an overlapping distillation range of the first
fraction and the second fraction;

calculating content of distilled part into the first fraction of each single molecule in th
e overlapping interval and calculating content of distilled part into the second fraction of ea
ch single molecule in the overlapping interval according to the content of each single
molecule and each single molecule corresponding to each boiling point of the overlapping

interval; and



obtaining the content of each single molecule and each single molecule in each
of the first fraction and the second fraction after the crude oil is cut by distillation
according to the content of distilled part into the first fraction of each single molecule
in the overlapping interval and the content of distilled part into the second fraction of
each single molecule in the overlapping interval.

A minimum value and a maximum value of the overlapping interval of the
overlapping distillation range of the first fraction and the second fraction are
respectively determined by a separation index of the first fraction and the second
fraction and the distillation cut temperature of the first fraction and the second
fraction.

In this embodiment, the minimum value of the overlapping interval of the
overlapping distillation range of the first fraction and the second fraction may be
determined by: obtaining a difference value between the separation index of the first
fraction and the second fraction, and determining the minimum value of the
overlapping interval based on a product of the difference value and the distillation cut
temperature of the first fraction and the second fraction.

For example, calculating the minimum value of the overlapping interval of the
overlapping distillation range of the first fraction and the second fraction by the

following formula; Tmin = Tex X (1=SF).

In this embodiment, the maximum value of the overlapping interval of the
overlapping distillation range of the first fraction and the second fraction may be
determined by: obtaining a sum of the separation index of the first fraction and the
second fraction, and determining the maximum value of the overlapping interval
based on a product of the sum and the distillation cut temperature of the first fraction
and the second fraction.

For example, calculating the maximum value of the overlapping interval of the
overlapping distillation range of the first fraction and the second fraction by the

following formula: Tnaye = Tay <1+ SF) .

Thin iIs the minimum value of the overlapping interval, Tirax is the

Tcut

where,

maximum value of the overlapping interval, is the distillation cut temperature of

the first fraction and the second fraction, and SF is a separation index of the first

fraction and the second fraction.



In combination with the ninth embodiment of the first aspect, in a tenth embodiment
of the first aspect, the content of distilled part into the first fraction of each single molecule
in the overlapping interval and the content of distilled part into the second fraction of each
single molecule in the overlapping interval are determined by the following method:

for each single molecule whose boiling point is located in the overlapping interval,
obtaining the difference between natural logarithms of the boiling point of the single
molecule and the minimum value of the overlapping interval;

determining the content of distilled part into the first fraction of the single molecule in
the overlapping interval according to a product of the difference of natural logarithms and
the content of the single molecule in the overlapping interval; and

determining the content of distilled part into the second fraction of the single
molecule in the overlapping interval according to a difference between the content of the
single molecule in the overlapping interval and the content of distilled part into the second
fraction of the single molecule in the overlapping interval.

For example, the content of distilled part into the first fraction of each single molecule
in the overlapping interval and the content of distilled part into the second fraction of each
single molecule in the overlapping interval are calculated by the following equation:

Cloin (Jiyxeh
T "% ci-c'-cl.

min
H

where, Ch is the content of distilled part into the first fraction of the i-th single

molecule in all molecules with a boiling point located in the overlapping interval, which

i
the i-th single molecule has the boiling point located in the overlapping interval, C is the
content of distilled part into the first fraction of the i-th single molecule in all molecules

with a boiling point located in the overlapping interval, which the i-th single molecule has

the boiling point located in the overlapping interval, Ti is the boiling point of the i-th

Thin is the minimum value of the overlapping interval, and C'is the

single molecule,
content of the i-th single molecule in all molecules with a boiling point located in the
overlapping interval, which the i-th single molecule has the boiling point located in the
overlapping interval.

In combination with the eighth embodiment of the first aspect, in an eleventh
embodiment of the first aspect, the calculating a boiling point of each single molecule

comprises:



for each of the single molecule, acquiring the number of groups of each group
constituting the single molecule and a contribution value of each group to the boiling
point; and

inputting the number of groups of each group constituting the single molecule
and the contribution value of each group to the boiling point into a pre-trained
property calculation model, to acquire the boiling point of the single molecule
outputted by the pre-trained property calculation model.

In combination with the eleventh embodiment of the first aspect, in a twelfth
embodiment of the first aspect, before the inputting the number of groups of each
group constituting the single molecule and the contribution value of each group to the
boiling point into a pre-trained property calculation model, the optimization method
further comprises:

comparing the number of groups of each group constituting the single molecule
with molecular information of a template single molecule with known boiling point
pre-stored in a database, the molecular information comprising the number of groups
of each group constituting the template single molecule;

determining whether there is a same template single molecule as the single
molecule;

if there is a same template single molecule as the single molecule, outputting the
boiling point of the template single molecule as a boiling point of the single molecule;
and

if there is not a same template single molecule as the single molecule, then
performing the step of the inputting the number of groups of each group constituting
the single molecule and the contribution value of each group to the boiling point into
a pre-trained property calculation model.

In combination with the six or tenth embodiment of the first aspect, in a tenth
embodiment of the first aspect, a step of training the property calculation model
comprises:

constructing a property calculation model of a single molecule;

acquiring the number of groups of each group constituting a sample single
molecule; wherein the physical property of the sample single molecule is known;

inputting the number of groups of each group constituting the sample single

molecule into the property calculation model;
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acquiring a predicted physical property of the sample single molecule outputted by the
property calculation model;

if a deviation value between the predicted physical property and the physical property
which is known is less than a preset deviation threshold, determining that the property
calculation model converges, acquiring a contribution value corresponding to each group
in the property calculation model which is converged, and storing the contribution value as
a contribution value of the group to the physical property; and

if the deviation value between the predicted physical property and the physical
property which is known is greater than or equal to the deviation threshold, adjusting a
contribution value corresponding to each group in the property calculation model until the
property calculation model converges.

In combination with the thirteenth embodiment of the first aspect, in a fourteenth
embodiment of the first aspect, the property calculation model is established as shown

f=a+> nAf,
below: i :

f

where, ' is the physical property of the single molecule, " is the number of groups

of the I-th group, Af is the contribution value of the i-th group to the physical property,
and @ is an associated constant.

In combination with the thirteenth embodiment of the first aspect, in a fifteenth
embodiment of the first aspect, the acquiring the number of groups of each group
constituting a sample single molecule comprises:

determining a primary group, the number of groups of the primary group, a multi-
stage group, and the number of groups of the multi-stage group in all groups of the single
molecule;

taking all groups constituting the single molecule as the primary group; and

taking various groups which coexist and contribute to a same physical property in
common as the multi-stage group, and taking the number of the various groups as a level
of the multi-stage group.

In combination with the fifteenth embodiment of the first aspect, in a sixteenth
embodiment of the first aspect,

the property calculation model is established as shown below:

f=a+d muAf, +> myAf, .+ myAfy,
i j
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f

where, ' is the physical property of the single molecule, Msi s the number of

groups of the i -th group in the primary group, Afy is the contribution value of the 1-
th group in the primary group to the physical property, M2i is the number of groups of
the 1 -th group in a secondary group, A, is the contribution value of the J -th group
in the secondary group to the physical property, Myt §s the number of groups of the .

th group in an N-stage group, Afy is the contribution value of the !-th group in the
N-stage group to the physical property, @ is an associated constant, and N is a
positive integer greater than or equal to 2.

In combination with the eleventh embodiment of the first aspect, in a seventeenth
embodiment of the first aspect, the acquiring the number of groups of each group
constituting the single molecule comprises:

determining a primary group, the number of groups of the primary group, a
multi-stage group, and the number of groups of the multi-stage group in all groups of
the single molecule;

taking all groups constituting the single molecule as the primary group; and

taking various groups which coexist and contribute to a same physical property
in common as the multi-stage group, and taking the number of the various groups as a
level of the multi-stage group.

In combination with the seventeenth embodiment of the first aspect, in an
eighteenth embodiment of the first aspect,

the inputting the number of groups of each group constituting the single
molecule and the contribution value of each group to the physical property into a pre-
trained property calculation model, to acquire the boiling point of the single molecule
outputted by the pre-trained property calculation model comprises:

calculating the boiling point of the single molecule according to the following
the property calculation model:

_ SOLxGROUP, + SOLxGROUP, +......+ SOLxGROUP,

T d
(SOL x Numh)>® +b

where, T is the boiling point of the single molecule, SOL js a single molecule

vector converted according to the number of groups of each group constituting the
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GROUR, s a first contribution value vector converted according to a

GROUR

single molecule,

contribution value of the primary group to the boiling point, 2 is a second
contribution value vector converted according to a contribution value of the secondary

GROUP,

group to the boiling point, is an N-th contribution value vector converted

according to a contribution value of the N-stage group to the boiling point, Numh s the
number of atoms other than the hydrogen atom in the single molecule, d is a first preset

constant, 0 is a second preset constant, € is a third preset constant, and N is a positive
integer greater than or equal to 2.

In combination with the eighteenth embodiment of the first aspect, in a nineteenth
embodiment of the first aspect, the optimization method further comprises:

converting the single molecule vector according to the number of groups of each
group constituting the single molecule comprises:

taking the number of species of groups as a dimension of the single molecule vector;
and

taking the number of groups of each group as an element value of the corresponding
dimension in the single molecule vector,

converting the first contribution value vector according to a contribution value of the
primary group to the boiling point comprises:

taking the number of types of primary groups as the dimension of the first
contribution value vector; and

taking the contribution value of each primary group to the boiling point as an element
value of the corresponding dimension in the first contribution value vector,

converting the second contribution value vector according to a contribution value of
the secondary group to the boiling point comprises:

taking the number of types of secondary groups as a dimension of the second
contribution value vector; and

taking the contribution value of each secondary group to the boiling point as an
element value of the corresponding dimension in the second contribution value vector,

converting the N-th contribution value vector according to a contribution value of
each N-stage group to the boiling point comprises:

taking the number of types of N-stage groups as a dimension of the N-th contribution

value vector; and
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taking the contribution value of each N-stage group to the boiling point as an
element value of the corresponding dimension in the N-th contribution value vector.

In combination with the first aspect, in a twenty-second embodiment of the first
aspect, the respectively inputting, according to a preset feedstock ratio, the
corresponding fractions into a product prediction model of a respective petroleum
processing device comprises:

obtaining different amounts of each fraction according to the preset feedstock
ratio, and respectively inputting each fraction into the product prediction model of the
respective petroleum processing device,

the petroleum processing device comprises a catalytic cracking unit, a delayed
coking unit, a residue hydrotreating unit, a hydrocracking unit, a diesel hydro-
upgrading unit, a diesel hydro-refining unit, a gasoline hydro-refining unit, a catalytic
reforming unit and an alkylation unit.

In combination with the twentieth embodiment of the first aspect, in a twenty-
first embodiment of the first aspect, a step of training the product prediction model
comprises:

establishing a product prediction model; wherein the product prediction model
comprises: a set of reaction rules comprising a plurality of reaction rules and a
reaction rate algorithm;

acquiring sample feedstock information for a sample feedstock;

training the set of reaction rules by using the sample feedstock information, and
fixing the set of reaction rules that has been trained; and

training the reaction rate algorithm by using the sample feedstock information,
and fixing the reaction rate algorithm that has been trained, to obtain the product
prediction model that has been trained.

In combination with the twenty-first embodiment of the first aspect, in a twenty-
second embodiment of the first aspect, the sample feedstock information of the
sample feedstock comprises: molecular composition of the sample feedstock,
molecular content of each molecule in the sample feedstock, molecular composition
of an actual product corresponding to the sample feedstock, and actual content of each
molecule in the actual product.
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In combination with the twenty-second of the first aspect, in a twenty-third
embodiment of the first aspect, the training the set of reaction rules by using the
sample feedstock information comprises:

processing the molecular composition of the sample feedstock according to a preset
set of reaction rules, to obtain a reaction pathway corresponding to each molecule in the
molecular composition of the sample feedstock;

obtaining first molecule composition of a device output product comprising the
sample feedstock, an intermediate product, and a predicted product according to the
reaction path corresponding to each molecule in the molecular composition of the sample
feedstock; in the device output product, comprising: the sample feedstock, the intermediate
product, and the predicted product;

calculating a first relative deviation according to the first molecular composition of
the device output product and second molecular composition of the actual product;

if the first relative deviation meets a preset condition, fixing the set of reaction rules;
and

if the first relative deviation does not meet the preset condition, adjusting a reaction
rule in the set of reaction rules, and recalculating the first relative deviation according to
the adjusted set of reaction rules until the first relative deviation meets the preset condition.

In combination with the twenty-third of the first aspect, in a twenty-fourth
embodiment of the first aspect, the calculating a first relative deviation according to the
first molecular composition of the device output product and second molecular
composition of the actual product comprises:

acquiring species of single molecules in the first molecule composition, to constitute a
first set;

acquiring species of single molecules in the second molecule composition, to
constitute a second set;

determining whether the second set is a subset of the first set;

if the second set is not a subset of the first set, obtaining a pre-stored relative
deviation value that does not meet the preset condition as the first relative deviation; and

if the second set is a subset of the first set, calculating the first relative deviation by
the following manner: determining a first relative deviation according to the proportion of
the number of the predicted products that are not in the second set in the total number of

predicted products.
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For example, calculating the first relative deviation by the formula as follows:

. _card((M =M, -M,)—M,)
Y card (M-M,-M)

M

where, X is the first relative deviation, M is the first set, "V'1 is a set of species

of single molecules in the molecular composition of the sample feedstock, M, is a set
of species of single molecules in the molecular composition of the intermediate

product, M

3 is the second set, and card represents the number of elements in the sets.

In combination with the twenty-second of the first aspect, in a twenty-fifth
embodiment of the first aspect, the training the reaction rate algorithm by using the
sample feedstock information comprises:

calculating a reaction rate of a reaction path corresponding to each molecule in
the molecular composition of the sample feedstock, respectively, according to the
reaction rate algorithm;

obtaining predicted content of each molecule in a predicted product
corresponding to the sample feedstock according to molecular content of each
molecule in the sample feedstock and the reaction rate of the reaction path
corresponding to the molecule;

calculating a second relative deviation according to the predicted content of each
molecule in the predicted product and the actual content of each molecule in the
actual product;

if the second relative deviation meets a preset condition, fixing the reaction rate
algorithm; and

if the second relative deviation does not meet the preset condition, adjusting a
parameter in the reaction rate algorithm, and recalculating the second relative
deviation according to the adjusted reaction rate algorithm until the second relative
deviation meets the preset condition.

In combination with the twenty-fifth of the first aspect, in a twenty-sixth
embodiment of the first aspect, the calculating a reaction rate of a reaction path
corresponding to each molecule in the molecular composition of the sample
feedstock, respectively, according to the reaction rate algorithm comprises:

calculating a reaction rate of each reaction path according to a reaction rate

constant in the reaction rate algorithm;
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wherein the reaction rate constant is determined based on a transition state theoretical
calculation method.

For example, determining the reaction rate constant according to a calculation formula
_kE _ (EAS-AE

k xp( Yo x P*
as follows: h RE :

k

where, k is the reaction rate constant, "8 is the Boltzmann constant, h is the Planck

constant, R is an ideal gas constant, Eis a temperature value of the environment at which
the reaction path is located, €XP is an exponential function with base of natural constant,
AS s an entropy change before and after the reaction corresponding to the reaction rule
corresponding to the reaction path, AE is a reaction energy barrier corresponding to the

reaction rule corresponding to the reaction path, % is a catalyst activity factor, P is a
pressure value of the environment at which the reaction path is located, and & is a pressure
influencing factor corresponding to the reaction rule corresponding to the reaction path.

The reaction rate of the reaction path is calculated according to the reaction rate
constant.

In combination with the first aspect or in connection with the first, second, third,
fourth, fifth, sixth, seventh, eighth, ninth, tenth, eleventh, twelfth, thirteenth, fourteenth,
fifteenth, sixteenth, seventeenth, eighteenth, nineteenth, twentieth, twenty-first, twenty-
second, twenty-third, twenty-fourth, twenty-fifth, twenty-sixth embodiments of the first
aspect, in a twenty-seventh embodiment of the first aspect, each petroleum processing
device corresponds to a set of reaction rules.

In a second aspect, the present disclosure provides an optimization apparatus for a
whole process of molecular-level oil refinery processing, the optimization apparatus
comprising:

an acquisition unit configured to acquire molecular composition of crude oil;

a first processing unit configured to acquire molecular composition of various
fractions obtained by distillation of the crude oil according to physical properties of
various single molecules in the molecular composition of the crude oil, and respectively
input, according to a preset feedstock ratio, the corresponding fractions into a product
prediction model of a respective petroleum processing device as petroleum processing
feedstocks, to obtain molecular composition of a corresponding predicted product and

content of each single molecule in the predicted product;



17

a second processing unit configured to blend each of the predicted products
which is used as a product blending feedstock according to a preset rule set, to obtain
molecular composition of a plurality of mixed products and content of each single
molecule in each of the mixed products;

a third processing unit configured to respectively calculate a product property of
each of the mixed products according to the molecular composition of each of the
mixed products and the content of each single molecule in each of the mixed
products; and determine whether the product property of each of the mixed products
meets any preset standard in a preset standard set; and

a fourth processing unit configured to, if the product property of each of the
mixed products meets any preset standard in the preset standard set, acquire a target
parameter according to all mixed products and determine whether the target parameter
meets a preset condition, and, if the target parameter does not meet the preset
condition, adjust the preset feedstock ratio, a parameter in the product prediction
model and a preset rule in the preset rule set, to re-obtain a plurality of mixed
products until the product property of each of the mixed products meets any preset
standard in the preset standard set and the target parameter meets the preset condition.

In combination with the second aspect, in a first embodiment of the second
aspect, the optimization apparatus further comprises:

a flow control unit configured to acquire an input flow of petroleum processing
feedstocks input to each of the petroleum processing devices, determine whether each
of the input flows meets a preset input flow range of the respective petroleum
processing device; and adjust the preset feedstock ratio if any one of the input flows
does not meet the preset input flow range of the respective petroleum processing
device, and respectively re-input, according to the adjusted preset feedstock ratio, the
corresponding fractions into the product prediction model of the respective petroleum
processing device as petroleum processing feedstocks, until each of the input flows
meets the preset input flow range of the respective petroleum processing device.

In combination with the second aspect, in a second embodiment of the second
aspect, the optimization apparatus further comprises:

an in-feed property control unit configured to acquire molecular composition of
the petroleum processing feedstocks inputted to each of the petroleum processing

devices and content of each single molecule in the petroleum processing feedstocks,
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calculate a physical property of each single molecule in the petroleum processing
feedstocks, calculate a feedstock property of the petroleum processing feedstocks
according to the physical property of each single molecule and the content of each single
molecule in the petroleum processing feedstocks, determine whether each of the feedstock
properties meets a preset physical property restriction interval of the respective petroleum
processing device; and, if any of the feedstock properties does not meet the preset physical
property restriction interval of the respective petroleum processing device, adjust the preset
feedstock ratio and respectively re-input, according to the adjusted preset feedstock ratio,
the corresponding fractions into the product prediction model of the respective petroleum
processing device as petroleum processing feedstocks, until each of the feedstock
properties meets the preset physical property restriction interval of the respective
petroleum processing device.

In combination with the second aspect, in a third embodiment of the second aspect,
the fourth processing unit is, in particular, configured to acquire a product price of each of
mixed products and a yield of each of mixed products, calculate a product benefit of each
of mixed products according to the yield of each of mixed products and the product price
of each of mixed products, accumulate the product benefit of each of mixed products to
obtain a cumulative benefit, acquire a feedstock price of each group of the petroleum
processing feedstocks and an operating cost of each of the petroleum processing devices,
subtract feedstock prices of all petroleum processing feedstocks and operating costs of all
petroleum processing devices from the cumulative benefit to obtain a comprehensive
benefit, serve the comprehensive benefit as the target parameter, determine whether the
comprehensive benefit reaches a maximum value, determine that the target parameter
meets the preset condition if the comprehensive benefit reaches the maximum value; and
determine that the target parameter does not meet the preset condition if the comprehensive
benefit does not reach the maximum value.

In combination with the second aspect, in a fourth embodiment of the second aspect,
the optimization apparatus further comprises:

a product property control unit configured to, if the product property of any mixed
product does not meet any preset standard in the preset standard set, adjust the preset rule
in the preset rule set and blend each of the product blending feedstocks according to the
adjusted preset rule set, to re-obtain a plurality of mixed products until the product

property of each of the mixed products meets any preset standard in the preset standard set.
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In combination with the second aspect, in a fifth embodiment of the second
aspect, the third processing unit is, in particular, configured to acquire first molecular
composition of each group of the product blending feedstocks and first component
content of each single molecule in each group of the product blending feedstocks,
based on the preset rule set, obtain second molecular composition of each of mixed
products and second component content of each single molecule in each of mixed
products according to the first molecular composition of each group of the product
blending feedstock and the first component content of each single molecule in each
group of the product blending feedstocks, calculate a physical property of each single
molecule in each of the mixed products according to the number of groups of each
group contained in each single molecule in each of the mixed products and a
contribution value of each group to the physical property; and calculate a product
property of each of the mixed products according to the physical property and the
second component content of each single molecule in each of the mixed products.

In combination with the fifth embodiment of the second aspect, in a sixth
embodiment of the second aspect, the third processing unit is, in particular,
configured to, for each single molecule, acquire the number of groups of each group
constituting the single molecule and a contribution value of each group to the physical
property; and input the number of groups of each group constituting the single
molecule and the contribution value of each group to the physical property into a pre-
trained property calculation model, to acquire the physical property of the single
molecule outputted by the property calculation model.

In combination with the sixth embodiment of the second aspect, in a seventh
embodiment of the second aspect, the optimization apparatus further comprises:

a single molecule property template matching unit configured to compare the
number of groups of each group constituting the single molecule with molecular
information of a template single molecule with known physical properties pre-stored
in a database, the molecular information comprising the number of groups of each
group constituting the template single molecule, determine whether there is a same
template single molecule as the single molecule, if there is a same template single
molecule as the single molecule, output the physical properties of the template single
molecule as a physical property of the single molecule; and if there is not a same

template single molecule as the single molecule, then perform, by the third processing
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unit, the step of the inputting the number of groups of each group constituting the single
molecule and the contribution value of each group to the physical property into a pre-
trained property calculation model.

In combination with the second aspect, in an eighth embodiment of the second aspect,
the first processing unit is, in particular, configured to acquire each single molecule in the
crude oil and the content of each single molecule, calculate a boiling point of each single
molecule, respectively, cut the crude oil by distillation according to a preset fractional
distillation range to obtain multiple fractions, and determine a single molecule and content
of the single molecule contained in each of the fractions according to the boiling point and
the content of each single molecule in the crude oil.

In combination with the eighth embodiment of the second aspect, in a ninth
embodiment of the second aspect, the first processing unit is further configured to, for two
fractions with adjacent distillation ranges, take the fraction with a relatively high
temperature in the distillation range as a first fraction, and take the fraction with a
relatively low temperature in the distillation range as a second fraction;

calculate a minimum value of an overlapping interval of an overlapping distillation
range of the first fraction and the second fraction by the following formula:

Toin = Teut x(l—SF); and

calculate a maximum value of the overlapping interval of the overlapping distillation
range of the first fraction and the second fraction by the following formula:
T = Toe XA+ SF) .

T

where, 'min is the minimum value of the overlapping interval, T is the maximum

value of the overlapping interval, Tou is the distillation cut temperature of the first fraction

and the second fraction, and SF is a separation index of the first fraction and the second
fraction.

In combination with the ninth embodiment of the second aspect, in a tenth
embodiment of the second aspect, the first processing unit is further configured to calculate
content of distilled part into the first fraction of each single molecule in the overlapping int
erval and calculate content of distilled part into the second fraction of each single molecule

in the overlapping interval according to the content of each single molecule and each
single molecule corresponding to each boiling point of the overlapping interval, and obtain

the content of each single molecule and each single molecule in each of the first fraction
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and the second fraction after the crude oil is cut by distillation according to the
content of distilled part into the first fraction of each single molecule in the
overlapping interval and the content of distilled part into the second fraction of each
single molecule in the overlapping interval,

wherein the content of distilled part into the first fraction of each single molecule
in the overlapping interval and the content of distilled part into the second fraction of
each single molecule in the overlapping interval are calculated by the following
equation:

Ci=ln (Ji)xC
T

min

.C/=C'-C;.

i
where, Ch is the content of distilled part into the first fraction of the i-th single
molecule in all molecules with a boiling point located in the overlapping interval,
which the i-th single molecule has the boiling point located in the overlapping

interval, Ci is the content of distilled part into the first fraction of the i-th single
molecule in all molecules with a boiling point located in the overlapping interval,

which the i-th single molecule has the boiling point located in the overlapping

interval, T is the boiling point of the i-th single molecule, Thin is the minimum value

of the overlapping interval, and C' is the content of the i-th single molecule in all
molecules with a boiling point located in the overlapping interval, which the i-th
single molecule the boiling point located in the overlapping interval.

In combination with the eighth embodiment of the second aspect, in an eleventh
embodiment of the second aspect, the first processing unit is, in particular, configured
to, for each of the single molecule, acquire the number of groups of each group
constituting the single molecule and a contribution value of each group to the boiling
point; and input the number of groups of each group constituting the single molecule
and the contribution value of each group to the boiling point into a pre-trained
property calculation model, to acquire the boiling point of the single molecule
outputted by the pre-trained property calculation model.

In combination with the eleventh embodiment of the second aspect, in a twelfth
embodiment of the second aspect, the optimization apparatus further comprises:

a single-molecule boiling point template matching unit configured to compare
the number of groups of each group constituting the single molecule with molecular
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information of a template single molecule with known boiling point pre-stored in a
database, the molecular information comprising the number of groups of each group
constituting the template single molecule, determine whether there is a same template
single molecule as the single molecule, if there is a same template single molecule as the
single molecule, output the boiling point of the template single molecule as a boiling point
of the single molecule; and if there is not a same template single molecule as the single
molecule, then perform, by the first processing unit, the step of the inputting the number of
groups of each group constituting the single molecule and the contribution value of each
group to the boiling point into a pre-trained property calculation model.

In combination with the sixth or eleventh embodiment of the second aspect, in a
thirteenth embodiment of the second aspect, the optimization apparatus further comprises:

a model training unit configured to construct a property calculation model of a single
molecule, acquire the number of groups of each group constituting a sample single
molecule; wherein the physical property of the sample single molecule is known, input the
number of groups of each group constituting the sample single molecule into the property
calculation model, acquire a predicted physical property of the sample single molecule
outputted by the property calculation model, if a deviation value between the predicted
physical property and the physical property which is known is less than a preset deviation
threshold, determine that the property calculation model converges, acquire a contribution
value corresponding to each group in the property calculation model which is converged,
and store the contribution value as a contribution value of the group to the physical
property; and, if the deviation value between the predicted physical property and the
physical property which is known is greater than or equal to the deviation threshold, adjust
a contribution value corresponding to each group in the property calculation model until
the property calculation model converges.

In combination with the thirteenth embodiment of the second aspect, in a fourteenth
embodiment of the second aspect, the model training unit is configured to establish the

f=a+ z n,Af,
property calculation model as shown below: i ;

fis the physical property of the single molecule, i is the number of groups

Af

where,

of the i-th group, ~' is the contribution value of the i -th group to the physical property,

and 2 is an associated constant.
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In combination with the fourteenth embodiment of the second aspect, in a
fifteenth embodiment of the second aspect, the model training unit is, in particular,
configured to determine a primary group, the number of groups of the primary group,
a multi-stage group, and the number of groups of the multi-stage group in all groups
of the single molecule, take all groups constituting the single molecule as the primary
group, take various groups which coexist and contribute to a same physical property
in common as the multi-stage group, and take the number of the various groups as a
level of the multi-stage group.

In combination with the fifteenth embodiment of the second aspect, in a sixth
embodiment of the second aspect, the model training unit is configured to establish

the property calculation model as shown below:

f=a+) muAf, +> m, Af, ...+ myAf,
i j

T is the physical property of the single molecule, M s the number of

f

where,

groups of the I -th group in the primary group, Al is the contribution value of the -

th group in the primary group to the physical property, Maj is the number of groups of

the I th group in a secondary group, Afyy is the contribution value of the I th group

in the secondary group to the physical property, M- s the number of groups of the I

Afy is the contribution value of the !-th group in the

th group in an N-stage group,
N-stage group to the physical property, @ is an associated constant, and N is a
positive integer greater than or equal to 2.

In combination with the eleventh embodiment of the second aspect, in a
seventeenth embodiment of the second aspect, the first processing unit is, in
particular, configured to determine a primary group, the number of groups of the
primary group, a multi-stage group, and the number of groups of the multi-stage
group in all groups of the single molecule, take all groups constituting the single
molecule as the primary group, take various groups which coexist and contribute to a
same physical property in common as the multi-stage group, and take the number of
the various groups as a level of the multi-stage group.

In combination with the seventeenth embodiment of the second aspect, in an

eighteenth embodiment of the second aspect, the first processing unit is, in particular,
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configured to calculate the boiling point of the single molecule according to the following
the property calculation model:

_ SOLXGROUR + SOLxGROUR, +.....+ SOLxGROUR, __
(SOLx Numh)? +b

T

where, T is the boiling point of the single molecule, SOL is a single molecule vector
converted according to the number of groups of each group constituting the single

GROUPy, s a first contribution value vector converted according to a

¢ GROUP,

molecule,

contribution value of the primary group to the boiling poin 2 is a second
contribution value vector converted according to a contribution value of the secondary

GROUP,

group to the boiling point, N is an N-th contribution value vector converted

according to a contribution value of the N-stage group to the boiling point, Numh s the
number of atoms other than the hydrogen atom in the single molecule, d js a first preset

constant, 0 is a second preset constant, € is a third preset constant, and N is a positive
integer greater than or equal to 2.

In combination with the eighteenth embodiment of the second aspect, in a nineteenth
embodiment of the second aspect, the first processing unit is, in particular, configured to
take the number of species of groups as a dimension of the single molecule vector, and
take the number of groups of each group as an element value of the corresponding
dimension in the single molecule vector;

the first processing unit is, in particular, configured to take the number of types of
primary groups as a dimension of the first contribution value vector, and take the
contribution value of each primary group to the boiling point as an element value of the
corresponding dimension in the first contribution value vector;

the first processing unit is, in particular, configured to take the number of types of
secondary groups as a dimension of the second contribution value vector, and take the
contribution value of each secondary group to the boiling point as an element value of the
corresponding dimension in the second contribution value vector; and

the first processing unit is, in particular, configured to take the number of types of N-
stage groups as a dimension of the N-th contribution value vector and take the contribution
value of each N-stage group to the boiling point as an element value of the corresponding

dimension in the N-th contribution value vector.
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In combination with the second aspect, in a twentieth embodiment of the second
aspect, the first processing unit is, in particular, configured to obtain different amounts of
each fraction according to the preset feedstock ratio, and respectively input each
fraction into the product prediction model of the respective petroleum processing
device, and the petroleum processing device comprises a catalytic cracking unit, a
delayed coking unit, a residue hydrotreating unit, a hydrocracking unit, a diesel
hydro-upgrading unit, a diesel hydro-refining unit, a gasoline hydro-refining unit, a
catalytic reforming unit and an alkylation unit.

In combination with the twentieth embodiment of the second aspect, in a twenty-
first embodiment of the second aspect, the optimization apparatus further comprises:

a model training unit configured to establish a product prediction model, acquire
sample feedstock information for a sample feedstock, train the set of reaction rules by
using the sample feedstock information, fix the set of reaction rules that has been
trained; and train the reaction rate algorithm by using the sample feedstock
information, and fix the reaction rate algorithm that has been trained, to obtain the
product prediction model that has been trained; wherein the product prediction model
comprises: a set of reaction rules comprising a plurality of reaction rules and a
reaction rate algorithm.

In combination with the twenty-first embodiment of the second aspect, in a
twenty-second embodiment of the second aspect, the sample feedstock information of
the sample feedstock comprises: molecular composition of the sample feedstock,
molecular content of each molecule in the sample feedstock, molecular composition
of an actual product corresponding to the sample feedstock, and actual content of each
molecule in the actual product.

In combination with the twenty-second embodiment of the second aspect, in a
twenty-third embodiment of the second aspect, the model training unit is, in
particular, configured to process the molecular composition of the sample feedstock
according to a preset set of reaction rules, to obtain a reaction pathway corresponding
to each molecule in the molecular composition of the sample feedstock, obtain first
molecule composition of a device output product comprising the sample feedstock, an
intermediate product, and a predicted product according to the reaction path
corresponding to each molecule in the molecular composition of the sample

feedstock, in the device output product, comprising: the sample feedstock, the
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intermediate product, and the predicted product, calculate a first relative deviation
according to the first molecular composition of the device output product and second
molecular composition of the actual product, if the first relative deviation meets a preset
condition, fix the set of reaction rules, and, if the first relative deviation does not meet the
preset condition, adjust a reaction rule in the set of reaction rules, and recalculate the first
relative deviation according to the adjusted set of reaction rules until the first relative
deviation meets the preset condition.

In combination with the twenty-third embodiment of the second aspect, in a twenty-
fourth embodiment of the second aspect, the model training unit is, in particular,
configured to acquire species of single molecules in the first molecule composition, to
constitute a first set, acquire species of single molecules in the second molecule
composition, to constitute a second set, determine whether the second set is a subset of the
first set, if the second set is not a subset of the first set, obtain a pre-stored relative
deviation value that does not meet the preset condition as the first relative deviation, and, if
the second set is a subset of the first set, calculate the first relative deviation by a

. card((M =M, -M,)—M,)

1
calculating formula as follows: card (M -M,-M, .

where, % is the first relative deviation, M is the first set, M. is a set of species of

single molecules in the molecular composition of the sample feedstock, M- is a set of

species of single molecules in the molecular composition of the intermediate product, M

is the second set, and card represents the number of elements in the sets.

In combination with the twenty-third embodiment of the second aspect, in a twenty-
fifth embodiment of the second aspect, the model training unit is, in particular, configured
to calculate a reaction rate of a reaction path corresponding to each molecule in the
molecular composition of the sample feedstock, respectively, according to the reaction rate
algorithm, obtain predicted content of each molecule in the predicted product
corresponding to the sample feedstock according to molecular content of each molecule in
the sample feedstock and the reaction rate of the reaction path corresponding to the
molecule, calculate a second relative deviation according to the predicted content of each
molecule in the predicted product and the actual content of each molecule in the actual
product, if the second relative deviation meets a preset condition, fix the reaction rate

algorithm, and, if the second relative deviation does not meet the preset condition, adjust a
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parameter in the reaction rate algorithm, and recalculate the second relative deviation
according to the adjusted reaction rate algorithm until the second relative deviation
meets the preset condition.

In combination with the twenty-fifth embodiment of the second aspect, in a
twenty-sixth embodiment of the second aspect, the model training unit is, in
particular, configured to calculate a reaction rate of each reaction path according to a
reaction rate constant in the reaction rate algorithm;

wherein the reaction rate constant is determined according to a calculation
_ ks E o EAS — AE

k Xp( o x P*
formula as follows: h RE ,

where, K is the reaction rate constant, Ke is the Boltzmann constant, his the
Planck constant, R is an ideal gas constant, E is a temperature value of the
environment at which the reaction path is located, €XP s an exponential function with
base of natural constant, AS is an entropy change before and after the reaction

corresponding to the reaction rule corresponding to the reaction path, AE s a reaction

energy barrier corresponding to the reaction rule corresponding to the reaction path,

? is a catalyst activity factor, P is a pressure value of the environment at which the
reaction path is located, and ¢ is a pressure influencing factor corresponding to the
reaction rule corresponding to the reaction path.

In combination with the twentieth, twenty-first, twenty-second, twenty-third,
twenty-fourth, twenty-fifth, or twenty-sixth embodiments of the second aspect, in a
twenty-seventh embodiment of the second aspect, each petroleum processing device
corresponds to a set of reaction rules.

In a third aspect, the embodiments of the present disclosure provide an
optimization system for a whole process of molecular-level oil refinery processing
comprising a processor, a communication interface, a memory, and a communication
bus, wherein the processor, the communication interface, and the memory are in
communication with each other via the communication bus;

the memory is configured to store a computer program; and

the processor is configured to carry out the optimization method according to any

embodiment of the first aspects when executing the program stored in the memory.
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In a fourth aspect, the embodiments of the present disclosure provide a computer-
readable storage medium, the computer-readable storage medium has stored therein one or
more programs, the one or more programs being executable by one or more processors to
implement the optimization method according to any embodiment of the first aspects.

The above-described technical solutions provided by embodiments of the present
disclosure have the following advantages over the related art: in the embodiments of the
present disclosure, a plurality of mixed products are obtained by acquiring molecular
composition of crude oil, obtaining the molecular composition of different fractions of
crude oil after distillation, obtaining the molecular composition and the content of each
single molecule of the predicted products of different fractions processed by the product
prediction model of the respective petroleum processing device, and blending the predicted
products; when the physical properties of any mixed product do not meet any preset
standard, or when a target parameter of the mixed products does not meet a preset
condition, the proportion of different fractions introduced into the respective petroleum
processing device is adjusted, an operating parameter in a product prediction model is
adjusted, a mixing rule for mixing the predicted products is adjusted, and the mixed
products are re-obtained, until the physical properties of all mixed products meet any
preset standard and the target parameter of all mixed products meets the preset condition;
the final predicted products are predicted by adjusting the proportion of fractions for
secondary processing, the mixed products are obtained by blending according to the preset
mixing rules, so as to ensure that the physical properties of the finally mixed products meet
the preset standard, and the target parameter of the mixed products meets the preset
conditions; and the production efficiency is improved by simulating and optimizing the

production process.

Brief Description of the Drawings

FIG. 1 is a schematic flow diagram of an optimization method for a whole process of
molecular-level oil refinery processing according to an embodiment of the present
disclosure;

FIG. 2 is a schematic flow diagram of an optimization method for a whole process of
molecular-level oil refinery processing according to another embodiment of the present

disclosure;
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FIG. 3 is a schematic flow diagram (one) of an optimization method for a whole
process of molecular-level oil refinery processing according to still another embodiment of
the present disclosure;

FIG. 4 is a schematic flow diagram (two) of an optimization method for a whole
process of molecular-level oil refinery processing according to yet another
embodiment of the present disclosure;

FIG. 5 is a schematic flow diagram (three) of an optimization method for a
whole process of molecular-level oil refinery processing according to yet another
embodiment of the present disclosure;

FIG. 6 is a schematic flow diagram (four) of an optimization method for a whole
process of molecular-level oil refinery processing according to yet another
embodiment of the present disclosure;

FIG. 7 is a schematic flow diagram (five) of an optimization method for a whole
process of molecular-level oil refinery processing according to yet another
embodiment of the present disclosure;

FIG. 8 is a schematic flow diagram (six) of an optimization method for a whole
process of molecular-level oil refinery processing according to yet another
embodiment of the present disclosure;

FIG. 9 is a schematic flow diagram (seven) of an optimization method for a
whole process of molecular-level oil refinery processing according to yet another
embodiment of the present disclosure;

FIG. 10 is a schematic flow diagram (eight) of an optimization method for a
whole process of molecular-level oil refinery processing according to yet another
embodiment of the present disclosure;

FIG. 11 is a schematic flow diagram (nine) of an optimization method for a
whole process of molecular-level oil refinery processing according to yet another
embodiment of the present disclosure;

FIG. 12 is a schematic flow diagram (ten) of an optimization method for a whole
process of molecular-level oil refinery processing according to yet another
embodiment of the present disclosure;

FIG. 13 is a schematic flow diagram (eleven) of an optimization method for a
whole process of molecular-level oil refinery processing according to yet another

embodiment of the present disclosure;
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FIG. 14 is a schematic structural diagram of an optimization apparatus for a whole
process of molecular-level oil refinery processing according to yet another embodiment of
the present disclosure;

FIG. 15 is a schematic structural diagram of an optimization system for a whole
process of molecular-level oil refinery processing according to yet another embodiment of
the present disclosure; and

FIG. 16 is schematic structural diagram of an optimization system for a whole process
of molecular-level oil refinery processing according to yet another embodiment of the

present disclosure.

Detailed Description of the Invention

In order to make the objects, technical solutions, and advantages of the embodiments
of the disclosure more fully apparent, it will be clear, fully described, and fully described
in connection with the accompanying drawings, which are incorporated in and constitute a
part of this specification, which illustrate some, but not all embodiments of the disclosure.
Based on the embodiments in this disclosure, those of ordinary skill in the art, with no
creative effort, are within the scope of the disclosure.

As shown in FIG. 1, an embodiment of the present disclosure provides an
optimization method for a whole process of molecular-level oil refinery processing.
Referring to FIG. 1, the optimization method includes the following steps:

S11, molecular composition of crude oil is acquired.

In this embodiment, there are many species of molecules in crude oil, different single
molecules have different boiling points, and they need to be separated by distillation at
different temperatures. Generally, a single molecule with a larger molecular weight in
crude oil has a higher boiling point and is more difficult to separate. In the process of crude
oil separation, the distillation range is divided according to the type of distilled oil and
boiling points of molecules, each distillation range corresponding to type of distilled oil, to
complete the separation of crude oil. In this step, single molecules in crude oil and content
corresponding to each single molecule are acquired.

In this embodiment, the molecular composition of the petroleum processing
feedstocks may be determined by one or more of a comprehensive two-dimensional gas
chromatography method, a quaternary rod gas chromatography-mass spectrometer

detection method, a gas chromatography/field ionization-time-of-flight mass spectrometry
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detection method, a gas chromatography method, a near-infrared spectroscopy
method, a nuclear magnetic resonance spectroscopy method, a Raman spectroscopy
method, a Fourier transform ion cyclotron resonance mass spectrometry method, an
electrostatic field rail trap mass spectrometry method, and an ion mobility mass
spectrometry method. In addition, the molecular composition of the petroleum
processing feedstocks may also be determined in other ways, such as ASTM D2425,
SH/T 0606, and ASTM D8144-18.

The molecular detection method described above may detect the structure of the
molecule and thereby obtaining the species of the molecule. However, due to the large
number of molecular species in crude oil, although the crude oil can no longer be
detected when the crude oil is reused after the crude oil is detected once, the workload
of detecting each single molecule is large and time-consuming. Therefore, in this
scheme, single molecules may also be constructed based on the structure-oriented
lumped molecular characterization method. The structure-oriented lumped molecular
characterization method namely is the SOL molecular characterization method, which
uses 24 structural increment fragments to characterize the basic structure of complex
hydrocarbon molecules. Any single petroleum molecule may be represented by a
specific set of structural increment fragments. The SOL molecular characterization
method is lumped at the molecular scale, reducing the number of molecules in the
actual system from millions to thousands, greatly reducing the complexity of the
simulation. This characterization method may represent not only alkanes,
cycloalkanes, up to complex aromatic structures containing 50-60 carbon atoms, but
also olefins or cycloolefins as intermediate products or secondary reaction products,
and also consider sulfur, nitrogen, oxygen and other heteroatom compounds.

In this embodiment, the molecular composition of crude oil is information of
various molecules (single molecules) in crude oil, such as single molecules contained
in the feedstock, a species of a single molecule, a volume and content of each single
molecule.

S12, molecular composition of various fractions obtained by distillation of the
crude oil is acquired according to physical properties of various single molecules in
the molecular composition of the crude oil.

In this embodiment, the boiling point of each single molecule in the crude oil can

be calculated separately, the fractional distillation range can be determined based on
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the boiling point and content of each single molecule, and the crude oil can be distilled and
cut according to the fractional distillation range to obtain multiple fractions. In this step,
since the crude oil is distilled based on the physical property of a single molecule, the
molecular composition of each fraction obtained after crude oil distillation can be known.

S13, according to a preset feedstock ratio, the corresponding fractions are respectively
inputted into a product prediction model of a respective petroleum processing device as
petroleum processing feedstocks, to obtain molecular composition of a corresponding
predicted product and content of each single molecule in the predicted product.

In this embodiment, the corresponding fractions are used as petroleum processing
feedstocks for secondary processing, wherein the preset feedstock ratio namely is the ratio
of each fraction input into different petroleum processing devices, respectively. Through
the product prediction model of each petroleum processing device, combined with the
molecular composition of the fraction input to the petroleum processing device, the
molecular composition in the predicted product and the content of each single molecule in
the predicted product are obtained.

In this embodiment, the fractions obtained after distillation of crude oil include light
fractions and heavy fractions. Among them, light fractions, such as naphtha, do not need
secondary processing, while heavy fractions generally require different secondary
processing, so that heavy fractions are converted into light oil products to improve the
properties of oil products. In this solution, the corresponding fractions are input into the
petroleum processing device for processing according to the preset feedstock ratio. The
preset feedstock ratio includes: the type and amount of the fractions input to the petroleum
processing device, and the fraction that does not require secondary processing is no longer
preset.

In this embodiment, the product prediction model has been trained and optimized.
Through the product prediction model, it is possible to adjust the reaction conditions in the
petroleum processing device, such as pressure, temperature and space velocity after the
petroleum processing feedstocks are input into the petroleum processing device, so as to
suppress the progress of certain reactions or improve the progress of certain reactions to
control the formation of products. In this step, the product situation under a certain set
condition may be obtained.

The petroleum processing device comprises a catalytic cracking unit, a delayed

coking unit, a residue hydrotreating unit, a hydrocracking unit, a diesel hydro-upgrading
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unit, a diesel hydro-refining unit, a gasoline hydro-refining unit, a catalytic reforming
unit and an alkylation unit.

S14, each of the predicted products which is used as a product blending
feedstock is blended according to a preset rule set, to obtain molecular composition of
a plurality of mixed products and content of each single molecule in each of the
mixed products.

In this embodiment, the predicted products inputted by each petroleum
processing device are blended as a product blending feedstock, wherein each set of
preset rules in the preset rule set includes the type and amount of the predicted
product used. Corresponding mixed products are obtained by mixing the predicted
products outputted by different petroleum processing devices, wherein the mixed
products include but are not limited to gasoline products such as automotive oil,
lubricating oil, hydraulic oil, gear oil, cutting oil and so on for vehicles. The
production planning may be completed by blending the product blending feedstocks
so that the obtained mixed products meet the national standards of the corresponding
products.

In this embodiment, according to the molecular composition of the predicted
product and the content of each single molecule in the predicted product, combined
with the preset rule set, the molecular composition of the different mixed products and
the content of each single molecule in each of the mixed products are obtained.

S15, a product property of each of the mixed products is respectively calculated
according to the molecular composition of each of the mixed products and the content
of each single molecule in each of the mixed products; and it is determined whether
the product property of each of the mixed products meets any preset standard in a
preset standard set.

In this embodiment, the product property of each of mixed products is calculated
separately. The various single molecules included in each of mixed products are
determined, that is, the molecular composition of the mixed product is determined by
determining, the physical product property of each single molecule in the mixed
product is calculated separately, then the physical property of the mixed gasoline
product is calculated according to the physical property and content of each single
molecule in the mixed gasoline product. The physical property of single molecule

includes, but not limited to, a density, a boiling point, a density, and an octane
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number. For example, the physical property of single molecule may also include viscosity,
solubility parameters, cetane number, degree of unsaturation, etc.

In this embodiment, the preset standard in a preset standard set may be gasoline
product standards such as vehicle gasoline standards, lubricating oil standards, hydraulic
oil standards, gear oil standards, and cutting oil standards. If the mixed product meets any
item in the preset standard set, it means that the mixed product can be sold; furthermore,
since different mixed products are blended at the same time, the mixed products obtained
by blending at the same time should meet any standard in the preset standard set, so that
the preset rule set used for blending is a qualified set, avoiding the situation where mixed
products cannot generate value.

The method for establishing the preset standard set may include the following steps:
obtaining the standards of vehicle oil products of different brands; and using the standards
of each brand of vehicle oil products as preset standards to form the preset standard set. By
obtaining the standards of vehicle oil products of different brands and forming the preset
standard set, the blended gasoline products are all vehicle oil products.

S16, if the product property of each of the mixed products meets any preset standard
in the preset standard set, a target parameter is acquired according to all mixed products
and it is determined whether the target parameter meets a preset condition.

In this embodiment, if the product property of each of mixed products meets any
preset standard in the preset standard set, it means that each of the mixed products blended
at this time is an eligible product. The relevant target parameters are acquired according to
the mixed products, and it is determined whether the target parameters meet the preset
conditions. The target parameters may be the economic benefits of the product, the content
of substances in the product that will cause harm to the environment, and the proportion of
products, which meet a preset standard, in all mixed products to all of the mixed products.
In this step, the ultimate goal of the refinery's refining is to pursue benefits. A gross profit
value may be calculated according to the price of each mixed product and the amount of
the mixed product, and the gross profit value may be used to confirm whether the final
benefit has reached the maximum, so as to confirm whether the target parameters meet the
preset conditions, among which, confirming whether the final benefit has reached the
maximum may be calculated by random algorithm. Meanwhile, with the gradual
strengthening of people’'s environmental protection awareness, the content of substances

that will cause harm to the environment in the mixed product will also affect the sales of
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the mixed product, even if the calculated benefit value is large, which cannot be sold
at the sales end and cannot be converted into benefits. Therefore, in order to increase
the competitiveness of oil products, it is possible to limit the content of substances
that are harmful to the environment in mixed products. Moreover, when different
mixed products are sold, the market will have different demand. For example, the
price of No. 98 motor gasoline is higher than the price of No. 95 motor gasoline, but
the consumption of No. 95 motor gasoline is larger, and if the refinery produces a
large amount of No. 98 motor gasoline, the market will take longer to digest it,
resulting in a backlog of No. 98 motor gasoline inventory, resulting in more labor and
other costs, resulting in the final benefits are not as good as that of No. 95 motor
gasoline. Therefore, in this step, the proportion of the production.

volume of mixed products that meet a certain preset standard in all mixed
products may be calculated to avoid product backlog.

For example, the determining whether the target parameter meets a preset
condition includes the following steps (see FIG. 2):

S21, a product price of each of mixed products and a yield of each of mixed
products are acquired.

S22, a product benefit of each of mixed products is calculated according to the
yield of each of mixed products and the product price of each of mixed products.

S23, the product benefit of each of mixed products is accumulated to obtain a
cumulative benefit.

S24, a feedstock price of each group of the petroleum processing feedstocks and
an operating cost of each of the petroleum processing devices are acquired.

S25, feedstock prices of all petroleum processing feedstocks and operating costs
of all petroleum processing devices are subtracted from the cumulative benefit to
obtain a comprehensive benefit.

In this embodiment, the corresponding comprehensive benefit may be obtained
by subtracting the operating cost of each petroleum processing device and the
feedstock cost of each group of petroleum processing feedstocks from the cumulative
benefit of the mixed product, wherein the operating cost of the petroleum processing
device includes: device loss cost and labor cost.

S26, the comprehensive benefit is served as the target parameter and it is

determined whether the comprehensive benefit reaches a maximum value.
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S27a, it is determined that the target parameter meets the preset condition if the
comprehensive benefit reaches the maximum value.

S27b, it is determined that the target parameter does not meet the preset condition if
the comprehensive benefit does not reach the maximum value.

In this embodiment, the comprehensive benefit is taken as the target parameter to
ensure the production benefit, which may be determined whether the comprehensive
benefit reaches the maximum value through a global optimization algorithm of random
search with multiple starting points.

S17a, if the target parameter meets a preset condition, the preset feed ratio, the
product prediction model, and the preset rule set is outputted as a production and
processing scheme.

In this embodiment, when the target parameter also meets the corresponding preset
condition, it means that the overall production process has met the production requirements
at this time, and sustainable production may be carried out. At this time, the preset
feedstock ratios for different fractions input into different petroleum processing devices in
the output scheme, the product prediction model used to calculate the molecular
composition of the predicted product produced by each petroleum processing device and
the content of each single molecule, and the preset rule set for blending predicted products
output from petroleum processing devices are taken as a production and processing
scheme. In the actual production process, the production and processing scheme is used for
production, and the whole process optimization for oil refining is realized at the molecular
level.

S17h, if the target parameter does not meet the preset condition, the preset feedstock
ratio, a parameter in the product prediction model and a preset rule in the preset rule set are
adjusted, to re-obtain a plurality of mixed products until the product property of each of the
mixed products meets any preset standard in the preset standard set and the target
parameter meets the preset condition.

In this embodiment, when the target parameter does not meet the preset condition, it
means that the economic benefits of the final blended mixed product may not reach the
maximum value, or that the amount of substances with environmental impact in the mixed
product exceeds the set value, or that the proportion of mixed products that meet a preset
standard in all mixed products does not reach the set value. At this time, by adjusting the

preset feedstock ratio, the operation parameter in the product prediction model and the
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preset rule in the preset rule set, a plurality of mixed products in another situation may
be obtained, until the product properties of each of mixed products output in this
scheme meets any preset standard in the preset standard set and the target parameter
meets the preset condition, that is, the whole process optimization for refineries is
completed.

In this embodiment, the optimization method further comprises the following
steps:

if the product property of any the mixed product does not meet any preset
standard in the preset standard set, the preset rule in the preset rule set is adjusted and
each of the product blending feedstocks is blended according to the adjusted preset
rule set, to re-obtain a plurality of mixed products until the product property of each
of the mixed products meets any preset standard in the preset standard set.

In this embodiment, if the product property of any mixed product does not meet
any preset standard in the preset standard set, for example, the octane number of the
adjusted No. 95 gasoline does not meet the standard of No. 95 gasoline, then the
blending is a failure blending, and the products obtained by blending cannot enter the
market. At this time, the preset rule in the preset rule set is adjusted and the product
blending feedstocks are re-blended until the mixed product meets any preset standard
in the preset standard set.

As shown in FIG. 3, in a specific embodiment, the optimization method further
comprises the following steps:

S31, an input flow of petroleum processing feedstocks input to each of the
petroleum processing devices is acquired.

In this embodiment, according to the preset feedstock ratio and the petroleum
processing feedstocks respectively input to the petroleum processing device, the
amount respectively inputted to each petroleum processing device per unit time may
be obtained, that is, the input flow for the petroleum processing device may be
obtained.

S32, it is determined whether each of the input flows meets a preset input flow
range of the respective petroleum processing device.

In this embodiment, each group of petroleum processing devices has a
corresponding processing capacity, to avoid the situation where the processing time of

the feedstocks in the petroleum processing device is too short and the feedstocks do
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not react completely due to the input of the feedstocks exceeding the processing capacity
of the petroleum processing unit, and the worse situation may cause damage to the
petroleum processing device. In this embodiment, a preset input flow range is set, and the
maximum value of the range can be between 80% and 95% of the maximum processing
capacity of the petroleum processing device, and thus by limiting the amount of feedstocks
entering the petroleum processing device, damage to the petroleum processing device is
avoided.

S33a, the preset feedstock ratio is adjusted if any one of the input flows does not meet
the preset input flow range of the respective petroleum processing device, and, according
to the adjusted preset feedstock ratio, the corresponding fractions are respectively inputted
into the product prediction model of the respective petroleum processing device as
petroleum processing feedstocks, until each of the input flows meets the preset input flow
range of the respective petroleum processing device.

In this embodiment, when the feedstock input flow of any of the petroleum processing
devices is greater than the preset input flow range, the preset feedstock ratio is adjusted and
the amount of petroleum processing feedstocks input to the petroleum processing device is
re-planed, such that the input flow of the feedstocks of each petroleum processing device
meets the preset input flow rate range of the respective petroleum processing device.

S33Db, if each of the input flow meets the preset input flow rate range of the respective
petroleum processing device, the step of obtaining molecular composition of a
corresponding predicted product and content of each single molecule in the predicted
product is performed.

In this embodiment, when the input flow of the feedstocks meets the preset input flow
rate range of the respective petroleum processing device, the subsequent steps of the
scheme are directly performed.

As shown in FIG. 4, in a specific embodiment, the optimization method further
comprises the following steps:

S41, the molecular composition of the petroleum processing feedstocks inputted to
each of the petroleum processing devices and content of each single molecule in the
petroleum processing feedstocks are acquired.

In this embodiment, according to the preset feedstock ratio, and the molecular

composition and content of each fraction product, the molecular composition of the
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petroleum processing feedstock respectively input to each petroleum processing
device and the content of each single molecule in the petroleum processing feedstock
are obtained.

S42, a physical property of each single molecule in the petroleum processing
feedstocks is calculated, and a feedstock property of the petroleum processing
feedstocks is calculated according to the physical property of each single molecule
and the content of each single molecule in the petroleum processing feedstocks.

In this embodiment, the physical properties of each single molecule in the
petroleum processing feedstocks input to each group of petroleum processing devices
are calculated respectively, and the feedstock properties of the petroleum processing
feedstocks are calculated according to the physical properties of each single molecule
and the content of each single molecule in the petroleum processing feedstocks.

The physical properties of a single molecule may be calculated by the methods
of calculating the physical properties of a single molecule in other embodiments, and
the feedstock properties of petroleum processing feedstocks may be calculated by
calculating the physical properties of a mixture in other embodiments.

S43, it is determined whether each of the feedstock properties meets a preset
physical property restriction interval of the respective petroleum processing device.

S44a, if any of the feedstock properties does not meet the preset physical
property restriction interval of the respective petroleum processing device, the preset
feedstock ratio is adjusted and, according to the adjusted preset feedstock ratio, the
corresponding fractions are respectively re-input into the product prediction model of
the respective petroleum processing device as petroleum processing feedstocks, until
each of the feedstock properties meets the preset physical property restriction interval
of the respective petroleum processing device.

In this embodiment, different petroleum processing devices have different
requirements on the physical properties of the incoming feedstocks to ensure the
service life of the petroleum processing device. In this solution, the physical
properties of the petroleum processing feedstocks input to the petroleum processing
device are confirmed, and it is determined whether the physical properties of the
feedstocks meet the preset physical property restriction interval of the respective
petroleum processing device, so as to ensure the normal use of the petroleum

processing device. If any petroleum processing feedstock does not meet the respective
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petroleum processing device, the preset feedstock ratio is adjusted again, and the feedstock
properties of the petroleum processing feedstocks input to the petroleum processing device
are adjusted, until the feedstock properties of the petroleum processing feedstocks meet the
usage restrictions of the respective petroleum processing device. Since the petroleum
restrictions of different petroleum processing devices are different, each petroleum
processing device corresponds to a preset physical property restriction interval.

S44b, if each of the petroleum processing feedstock properties meets the preset
physical property restriction interval of the respective petroleum processing device, the
step of obtaining molecular composition of a corresponding predicted product and content
of each single molecule in the predicted product is performed.

In this embodiment, the subsequent steps of the scheme are performed if the feedstock
properties of the petroleum processing feedstocks meet the preset physical property
restriction condition.

A further description of calculating the product properties of each of mixed products,
as shown in FIG. 5, FIG. 5 is a flowchart of steps for calculating the physical properties of
a mixed product according to an embodiment of the present disclosure.

S51, first molecular composition of each group of the product blending feedstocks
and first component content of each single molecule in each group of the product blending
feedstocks are acquired.

Since the product blending feedstocks are the predicted product of each group of
petroleum processing devices, the first molecular composition of the product blending
feedstocks and the first component content of each single molecule may be obtained based
on the predicted product.

S52, based on the preset rule set, second molecular composition of each of mixed
products and second component content of each single molecule in each of mixed products
are obtained according to the first molecular composition of each group of the product
blending feedstock and the first component content of each single molecule in each group
of the product blending feedstocks.

In this embodiment, the preset rules in the preset rule set set the type and quantity of
the required product blending feedstocks, therefore, according to the molecular
composition and the first component content of each single molecule in the product
blending feedstocks, the second molecular composition of the mixed product and the

second component content of each single molecule may be obtained.
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S53, a physical property of each single molecule is calculated according to the
number of groups of each group contained in each single molecule in each of the
mixed products and a contribution value of each group to the physical property.

In this embodiment, for each single molecule, the number of groups of each
group constituting the single molecule and a contribution value of the each group to
the physical property are acquired, and the number of groups of each group
constituting the single molecule and the contribution value of each group to the
physical property are inputted into a pre-trained property calculation model, to acquire
the physical property of the single molecule outputted by the pre-trained property
calculation model.

S54, a product property of each of the mixed products is calculated according to
the physical property and the second component content of each single molecule in
each of the mixed products.

The properties of the mixed gasoline product include: Research Octane Number,
Motor Octane Number, Reid vapor pressure, Enn's distillation range, density, benzene
volume fraction, aromatics volume fraction, olefin volume fraction, oxygen mass
fraction, and sulfur quality fraction.

Five manners to calculate the physical properties of a mixed product are
provided below, but those skilled in the art should be appreciated that the following
several manners are only used to illustrate the present embodiments and are not
intended to limit the present embodiments.

Method one, when a product property of the mixed product is the density, the
density of the mixed product is calculated according to the following calculation

formula;

density = > (D; X Xi_youme) -

D

where, 9ENSIY s the density of the mixed product, 2 is the density of the i-th

single molecule, and Xi_vownme js second component content of the I -th single
molecule.

Method two, when a product property of the mixed product is the cloud point,
calculating the product property of the mixed product comprises:

calculating a cloud point contribution value of each single molecule according to

the density and the boiling point of each single molecule; and
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calculating the cloud point of the mixed product according to cloud point contribution
values and content of all of the single molecules in the mixed product.

Method three, when a product property of the mixed product is the pour point,
calculating the product property of the mixed product comprises:

calculating a pour point contribution value of each of the single molecule according to
the density and molecular weight of each single molecule; and

calculating the pour point of the mixed product according to pour point contribution
values and content of all of the single molecules in the mixed product.

Method four, when a product property of the mixed product is the aniline point,
calculating the product property of the mixed product comprises:

calculating an aniline point contribution value of the single molecule according to the
density and the boiling point of the single molecule; and

calculating the aniline point of the mixed product according to the aniline point
contribution values and content of all of the single molecules in the mixed product.

Method five, when a product property of the mixed product is the octane number, a
calculation method comprises:

acquiring the octane number and content of each single molecule in the mixed
products; and

calculating the octane number of the mixed products according to calculation formula

as follows:

ON =( Z v BON; +CHZUiﬂiONi +CIZUiﬁiONi +CszviﬂiONi

i=HISQFG

+CQZuﬂON +C ZuﬂON +C ZuﬂON)—
( Z Uﬁ+C (Zvﬂ ZU)-I—C(ZU,B ZU)-I—C (ZU,B Zv)

i=HISQFG

+ CQ (Zuiﬁi _Zvi) +C; (Zuiﬁi _Zui) +Cq (Zviﬂi _Zui )
i-Q i—Q i=F i-F i-G i=G
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(a) (a) (a) (a) (a)
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where, the ON is the octane number of the mixed product, HISQFG is a
molecular collection, H is a molecular set of n-alkanes, | is a molecular set of
isoalkanes, S is a molecular set of cycloalkanes, Q is a molecular set of olefins, F is a

molecular set of aromatic hydrocarbons, G is a molecular set of oxygenated

.. . . D,
compounds, Y is content of each molecule in the mixed product, b Ui Vs Yo Ur

and U are total content of n-alkanes, total content of isoalkanes, total content of
cycloalkanes, total content of olefins, total content of aromatic hydrocarbons, and

total content of a compound of oxygenated compounds in the mixed product,

respectively, Piis a regression parameter of each molecule in the mixed product,
ONi is an octane number of each molecule in the mixed product, Cu is an

C,

interaction coefficient of n-alkanes with other molecules, iS an interaction

C

coefficient of isoalkanes with other molecules; ~s is an interaction coefficient of

cycloalkanes with other molecules; Co is an interaction coefficient of olefins with

C

other molecules, ~F is an interaction coefficient of aromatic hydrocarbons with other

molecules, Ce is an interaction coefficient of oxygenated compounds with other

(@ ) o ) (a)
molecules, K is a first constant coefficient between n-alkanes and isoalkanes, Kiis

(@)
is a first constant coefficient between n-alkanes and cycloalkanes, Kig is a first

(2)
constant coefficient between n-alkanes and olefins, Ky is a first constant coefficient

(@)
between n-alkanes and aromatic hydrocarbons, K is a first constant coefficient
kig”

between n-alkanes and oxygenated compounds, is a first constant coefficient

. k@ . ..
between isoalkanes and cycloalkanes, '° is a first constant coefficient between
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) . @) . . ) .
isoalkanes and olefins, Kie is a first constant coefficient between isoalkanes and aromatic

(a)
I(IG

hydrocarbons, is a first constant coefficient between isoalkanes and oxygenated

(a) (a)

compounds, Ksq is a first constant coefficient between cycloalkanes and olefins, ks is a
(2)

first constant coefficient between cycloalkanes and aromatic hydrocarbons, ks is a first

(@)
constant coefficient between cycloalkanes and oxygenated compounds, Kor is a first

.. . . k@
constant coefficient between olefins and aromatic hydrocarbons, "°¢ is a second constant
(2)
kFG

coefficient between olefins and oxygenated compounds, is a first constant coefficient

(b)
between aromatic hydrocarbons and oxygenated compounds, Ky is a second constant

k (®)

coefficient between n-alkanes and isoalkanes, "+ is a second constant coefficient between

k® .
n-alkanes and cycloalkanes, " is a second constant coefficient between n-alkanes and

i 0) . :
olefins, Ky is a second constant coefficient between n-alkanes and aromatic hydrocarbons,

® o (b)
ki is a second constant coefficient between n-alkanes and oxygenated compounds, Kis IS

- : kO
a second constant coefficient between isoalkanes and cycloalkanes, '° is a second

k®

constant coefficient between isoalkanes and olefins, “'F is a second constant coefficient

(b)
between isoalkanes and aromatic hydrocarbons, Kic is a second constant coefficient

. k® .
between isoalkanes and oxygenated compounds, S° is a second constant coefficient

) ® .
between cycloalkanes and olefins, ks¢ is a second constant coefficient between

_ ®) .
cycloalkanes and aromatic hydrocarbons, ks is a second constant coefficient between

(b)
cycloalkanes and oxygenated compound, "<F is a second constant coefficient between

. : kO . .
olefins and aromatic hydrocarbons, "?¢ is a second constant coefficient between olefins

and oxygenated compound, and keg is a second constant coefficient between aromatic
hydrocarbons and oxygenated compound; wherein the octane number comprises: a
research octane number and a motor octane number.

In this embodiment, calculating the physical property of each single molecule

comprises the following steps:



45

for each single molecule, acquiring the number of groups of each group
constituting the single molecule and a contribution value of each group to the physical
property; and inputting the number of groups of each group constituting the single
molecule and the contribution value of each group to the physical property into a pre-
trained property calculation model, to acquire the physical property of the single
molecule outputted by the pre-trained property calculation model.

The acquiring molecular composition of various fractions obtained by distillation
of the crude oil according to physical properties of the various single molecules in the
molecular composition of the crude oil is further described below, as shown in FIG. 6,
FIG. 6 is a flow chart of the steps for obtaining molecular compositions of different
fractions according to an embodiment of the present disclosure.

S61, each single molecule in the crude oil and the content of each single
molecule are acquired.

In this embodiment, there are many species of molecules in crude oil, different
single molecules have different boiling points, and they need to be separated by
distillation at different temperatures. Generally, a single molecule with a larger
molecular weight in crude oil has a higher boiling point and is more difficult to
separate. In the process of crude oil separation, the distillation range is divided
according to the type of distilled oil and boiling points of molecules, each distillation
range corresponding to an oil product, to complete the separation of crude oil. In this
step, single molecules in crude oil and content corresponding to each single molecule
are acquired.

In this embodiment, the molecular composition of the crude oil may be
determined by one or more of a comprehensive two-dimensional gas chromatography
method, a quaternary rod gas chromatography-mass spectrometer detection method, a
gas chromatography/field ionization-time-of-flight mass spectrometry detection
method, a gas chromatography method, a near-infrared spectroscopy method, a
nuclear magnetic resonance spectroscopy method, a Raman spectroscopy method, a
Fourier transform ion cyclotron resonance mass spectrometry method, an electrostatic
field rail trap mass spectrometry method, and an ion mobility mass spectrometry
method. In addition, the molecular composition of the crude oil may also be
determined in other ways, such as ASTM D2425, SH/T 0606, and ASTM D8144-18.
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The molecular detection method described above may detect the structure of the
molecule and thereby obtaining the species of the molecule. However, due to the large
number of molecular species in crude oil, although the crude oil can no longer be detected
when the crude oil is reused after the crude oil is detected once, the workload of detecting
each single molecule is large and time-consuming. Therefore, in this scheme, single
molecules may also be constructed based on the structure-oriented lumped molecular
characterization method. The structure-oriented lumped molecular characterization method
namely is the SOL molecular characterization method, which uses 24 structural increment
fragments to characterize the basic structure of complex hydrocarbon molecules. Any
single petroleum molecule may be represented by a specific set of structural increment
fragments. The SOL molecular characterization method is lumped at the molecular scale,
reducing the number of molecules in the actual system from millions to thousands, greatly
reducing the complexity of the simulation. This characterization method may represent not
only alkanes, cycloalkanes, up to complex aromatic structures containing 50-60 carbon
atoms, but also olefins or cycloolefins as intermediate products or secondary reaction
products, and also consider sulfur, nitrogen, oxygen and other heteroatom compounds.

S62, a boiling point of each single molecule is calculated respectively.

In this embodiment, calculate the boiling point of each single molecule respectively
by acquiring the number of groups of each group constituting the single molecule and a
contribution value of each group to the physical property, and inputting the number of
groups of each group constituting the single molecule and the contribution value of each
group to the physical property into a pre-trained property calculation model, to acquire the
physical property of the single molecule outputted by the pre-trained property calculation
model; wherein, the groups that constitute a single molecule are the 24 structural increment
fragments of the SOL-based molecular characterization method in the above embodiment.

S63, the crude oil is cut by distillation according to a preset fractional distillation range
to obtain multiple fractions, and a single molecule and content of the single molecule
contained in each of the fractions are determined according to the boiling point and the
content of each single molecule in the crude oil.

In this embodiment, crude oil is cut according to the preset fractional distillation range
to obtain respectively each fraction of crude oil distillation.

As shown in FIG. 7, in a specific embodiment, the optimization method for a whole

process further comprises the following steps:
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S71, for two fractions with adjacent distillation ranges, the fraction with a
relatively high temperature in the distillation range is taken as a first fraction, and the
fraction with a relatively low temperature in the distillation range is taken as a second
fraction.

In this embodiment, for any two fractions with adjacent distillation ranges,
during the distillation process, at the distillation cut temperature of the fractions, not
only the fractions with lower boiling points is distilled out, but another fractions with
boiling points higher than the distillation cut temperature is distilled out to a certain
amount. For example, the boiling point of water is 100 degrees Celsius, but at
temperatures below 100 degrees Celsius, the water also evaporates. In this solution, it
may be obtained by calculation: when crude oil is distilled, at what temperature, the
molecules in the first fraction will appear in the second fraction; at what temperature,
the molecules in the second fraction will not appear in the first fraction, thereby
achieving molecular-level control of molecular species in fractions.

S72, a minimum value of an overlapping interval of an overlapping distillation
range of the first fraction and the second fraction is calculated by the following
formula:

Toin = Teut x(l—SF);

a maximum value of the overlapping interval of the overlapping distillation
range of the first fraction and the second fraction is calculated by the following
formula:

Toax = T XA+ SF)

where, Thin is the minimum value of the overlapping interval,

TC

T is the

maximum value of the overlapping interval, "<t is the distillation cut temperature of

the first fraction and the second fraction, and SF is a separation index of the first
fraction and the second fraction.

S73, the overlapping interval is obtained according to the minimum and
maximum values.

In this embodiment, the overlapping intervals of the adjacent two fractions are
calculated. For example, the distillation range of the first fraction is 100-150 °C, the
distillation range of the second fraction is 50 to 100 °C, °C being the temperature unit,

the distillation partition temperature at this time is 100 °C. Although the distillation
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range of the first fraction is 100-150 °C, for example, when the distillation temperature is
70 °C, in the process of distilling to obtain the second fraction, part of the first fraction is
distilled out and is doped in the second fraction; the first fraction has less the amount of
distillation at lower temperatures, and as the temperature increases, more of the first
fraction is distilled into the second fraction. In this scheme, recording is made by
identifying when a preset amount of the second fraction is present in the first fraction. In
this embodiment, the separation index of the first fraction and the second fraction may be
calculated from the mixing of adjacent fractions recorded in the previous distillation
process. Specifically, in the past distillation process, the temperature at which a preset
amount of the first fraction appears in the second fraction and the temperature at which the
preset amount of the second fraction no longer appears in the first fraction are recorded,
based on the distillation cut temperature of the first fraction and the second fraction, a
preliminary separation index is calculated, a large number of preliminary separation index
calculation results are obtained, and the separation index at this distillation cut temperature
is obtained by averaging them.

In this embodiment, the steps of entering the content of each single molecule into
different fractions in the overlapping interval comprises:

content of distilled part into the first fraction of each single molecule in the
overlapping interval and content of distilled part into the second fraction of each single
molecule in the overlapping interval are calculated according to the content of each single
molecule and each single molecule corresponding to each boiling point of the overlapping
interval;

wherein the content of distilled part into the first fraction of each single molecule in
the overlapping interval and the content of distilled part into the second fraction of each
single molecule in the overlapping interval are calculated by the following equation:

Cloin (Jioxch
T "% ci-ci-ci.

min
H

where, Ch is the content of distilled part into the first fraction of the i-th single

molecule in all molecules with a boiling point located in the overlapping interval, which

the i-th single molecule has the boiling point located in the overlapping interval, C is the
content of distilled part into the first fraction of the i-th single molecule in all molecules

with a boiling point located in the overlapping interval, which the i-th single molecule has
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the boiling point located in the overlapping interval, Ti is the boiling point of the i-th

Toin is the minimum value of the overlapping interval, and C' s the

single molecule,
content of the i-th single molecule in all molecules with a boiling point located in the
overlapping interval, which the i-th single molecule has the boiling point located in
the overlapping interval; and

the content of each single molecule and each single molecule in each of the first
fraction and the second fraction after the crude oil is cut by distillation are obtained
according to he content of distilled part into the first fraction of each single molecule
in the overlapping interval and the content of distilled part into the second fraction of
each single molecule in the overlapping interval.

In this embodiment, after the overlapping interval is determined, the amount of
each single molecule in the overlapping interval entering the adjacent two groups of
fractions is calculated, and the content of various molecules in different fractions is
determined by building a model, thereby improving the accuracy of the subsequent
refining.

The calculation of boiling point of the single molecule is further described
below.

As shown in FIG. 8, the steps of calculating the boiling point of each single
molecule comprises:

S81, for each of the single molecule, the number of groups of each group
constituting the single molecule and a contribution value of the each group to the
boiling point are acquired.

In this embodiment, single molecules may also be constructed based on the
structure-oriented lumped molecular characterization method. The structure-oriented
lumped molecular characterization method namely is the SOL molecular
characterization method, which uses 24 structural increment fragments to characterize
the basic structure of complex hydrocarbon molecules. Any single petroleum
molecule may be represented by a specific set of structural increment fragments. The
SOL method is lumped at the molecular scale, reducing the number of molecules in
the actual system from millions to thousands, greatly reducing the complexity of the
simulation. This characterization method may represent not only alkanes,

cycloalkanes, up to complex aromatic structures containing 50-60 carbon atoms, but
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also olefins or cycloolefins as intermediate products or secondary reaction products, and
also consider sulfur, nitrogen, oxygen and other heteroatom compounds. The molecular
structure may be determined by one or more of a Raman spectroscopy, a quaternary rod
gas chromatography-mass spectrometer detection method, a gas chromatography/field
ionization-time-of-flight mass spectrometry detection method, a gas chromatography
method, a near-infrared spectroscopy method, a nuclear magnetic resonance spectroscopy
method, a Fourier transform ion cyclotron resonance mass spectrometry method, an
electrostatic field rail trap mass spectrometry method and an ion mobility mass
spectrometry method, and the single molecule was then constructed by structure-directed
lumped molecular characterization method. In this step, the number of groups of each
group constituting the single molecule and a contribution value of each group to the
physical property are acquired; since the physical properties of the molecule are
determined by the structure of the molecule, in this scheme, a single molecule is
constructed by groups, and the number of groups of each group and the contribution value
of each group to the physical properties are acquired.

In this embodiment, the groups included in each single molecule are determined based
on the SOL molecular characterization method; in each of the single molecule, the number
of groups of each group of the single molecule and a contribution value of each group to
the physical property in the single molecule are determined. Since the number of physical
properties of a single molecule is multiple, it is necessary to determine the contribution
value of each group in the single molecule to each physical property.

S82, the number of groups of each group constituting the single molecule and the
contribution value of each group to the boiling point are input into a pre-trained property
calculation model, to acquire the boiling point of the single molecule outputted by the pre-
trained property calculation model.

In this embodiment, a plurality of physical properties of the single molecule outputted
by the pre-trained property calculation model by inputting the number of groups of each
group and the contribution value of each group to the physical property into the pre-trained
property calculation model.

The steps of the training property calculation model are described further below.

As shown in FIG. 9, the steps of training the property calculation model comprise:

S91, a property calculation model of a single molecule is constructed.
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In this embodiment, in the property calculation model, the contribution value of
each group to the physical property is included. The contribution value is an
adjustable value, and the contribution value is the initial value during the first
training. Further, in the property calculation model, a contribution value of each group
to each physical property is included.

S92, the number of groups of each group constituting a sample single molecule is
acquired; wherein the physical property of the sample single molecule is known.

In this embodiment, a training sample set is preset. A plurality of sample single
molecule information is included in the training sample set. The sample single
molecule information includes, but not limited to, the number of groups of each group
constituting a sample single molecule, as well as the physical property of the sample
single molecule.

S93, the number of groups of each group constituting the sample single molecule
Is inputted into the property calculation model.

S94, a predicted physical property of the sample single molecule outputted by
the property calculation model is acquired.

S954, if a deviation value between the predicted physical property and the
physical property which is known is less than a preset deviation threshold, it is
determined that the property calculation model converges, a contribution value
corresponding to each group is acquired in the property calculation model which is
converged, and the contribution value is stored as a contribution value of the group to
the physical property.

Since the physical property of the single molecule may be various, the
contribution value of each group to each physical property may be obtained from the
converged property calculation model.

For each group, the contribution value of the group to each physical property is
stored, so that when the physical property of the single molecule is subsequently
calculated, the contribution value of each group in the single molecule to the physical
property that needs to be known may be obtained, and the number of groups of each
group in the single molecule and the contribution value of each group to the physical
properties that need to be known are used as the input of the property calculation
model. The property calculation model takes the number of groups of each group in

the single molecule as the model variable, and the contribution value of each group to
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the physical property that needs to be known as the model parameter (replace the
adjustable contribution value of each group in the property calculation model to the
physical property), and calculate the physical properties that need to be known.

S95b, if the deviation value between the predicted physical property and the physical
property which is known is greater than or equal to the deviation threshold, a contribution
value corresponding to each group in the property calculation model is adjusted, until the
property calculation model converges.

In this embodiment, if there are multiple physical properties of the sample single
molecule, the predicted physical property of the sample single molecule outputted by the
property calculation model will also be multiple. At this time, the deviation value between
each predicted physical property and the corresponding physical property which is known
is calculated, it is determined if the deviation values between all the predicted physical
property and the corresponding physical property which is known are less than the preset
deviation threshold, and if so, it is determined that the property calculation model is
converged, and the contribution value of each group corresponding to the physical property
is acquired according to the property calculation model which is converged. The
contribution value of each group to different physical properties may be obtained through
the above scheme.

Two property calculation models that may be used for different physical properties
are given below. It should be appreciated by those skilled in the art that the following two
property calculation models are only illustrative of the present embodiments and are not
intended to limit the present embodiments.

Model one, a property calculation model as follows is established:

f=a+) naf,

f

where, ' is the physical property of the single molecule, " is the number of groups

of the i-th group in the single molecule, Afy is the contribution value of the 1-th group in
the single molecule to the physical property, and @ is an associated constant.

For example: for the boiling point, in the SOL-based molecular characterization
method, 24 groups are present as a primary group; among the 24 groups, one or more of
N6, N5, N4, N3, me, AA, NN, RN, NO, RO, and KO also contribute to the boiling point,
while for different physical properties, the contribution value of the group to the physical

property is inconsistent, but the contribution value of the same group in different molecules
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to the same physical property is consistent. Based on this scheme, the above-
mentioned property calculation model is established in this embodiment, and by
training the established property calculation model, it makes the property calculation
model convergent, that is, the contribution value of each group in the model to the
physical property is trained, and the contribution value of each group to the physical
property is finally obtained.

In this embodiment, for a group that constitutes a single molecule, the group may
be further divided into multi-stage groups. Further, a primary group and a multi-stage
group are determined in all groups of a single molecule; wherein all groups
constituting the single molecule are taken as the primary group, and various groups
which coexist and contribute to the same physical property in common are taken as
the multi-stage group, and the number of the various groups is taken as a level of the
multi-stage group; it can be used as a multi-stage group according to the simultaneous
existence of multiple groups that will act together on the same physical property.
Specifically, for example, when N6 and N4 groups exist separately in different
molecules, they will have a certain impact on the physical properties, and when they
exist in one molecule at the same time, on the basis of the original contribution to the
physical properties, they make the contribution value of the physical properties
fluctuated to a certain extent. The method of dividing the above-mentioned multi-
stage groups may also be divided according to the chemical bond force between the
groups according to the preset bond force interval. For different physical properties,
the various chemical bond forces have different effects, which can be divided
according to the impact of molecular stability on physical properties.

Model two: based on the divided multi-stage group, a property calculation model

may be established as follows:

f=a+) muAf,+ > myAf, .+ D myAfy,
i j

fis the physical property of the single molecule, M s the number of

where,
groups of the i -th group in the primary group, Afy is the contribution value of the 1-
th group in the primary group to the physical property, M2j is the number of groups of

the 1 -th group in a secondary group, Af, is the contribution value of the J -th group
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in the secondary group to the physical property, Myt s the number of groups of the | -th

Afy is the contribution value of the !-th group in the N-stage

group in an N-stage group,
group to the physical property, & is an associated constant, and N is a positive integer
greater than or equal to 2.

In addition to the general property calculation model described above, a property
calculation model may be established for each property, respectively, depending on the
type of property.

For example, the boiling point of a single molecule is calculated according to a
following property calculation model as follows:

_ SOLxGROUP, + SOLxGROUP, +......+ SOLxGROUR, __

T d
(SOL x Numh)® +b

where, T is the boiling point of the single molecule, SOL jsa single molecule vector
converted according to the number of groups of each group constituting the single

GROUP,

molecule, 1 js a first contribution value vector converted according to a

P, is a second

contribution value of the primary group to the boiling point, GROU
contribution value vector converted according to a contribution value of the secondary

GROUR,,

group to the boiling point, is an N-th contribution value vector converted

according to a contribution value of the N-stage group to the boiling point, Numh s the
number of atoms other than the hydrogen atom in the single molecule, d is a first preset

constant, 0 is a second preset constant, C is a third preset constant, and N is a positive
integer greater than or equal to 2.

Converting the single molecule vector according to the number of groups of each
group constituting the single molecule, comprises: taking the number of species of all
groups constituting a single molecule as the dimension of the single molecule vector; and
taking the number of groups of each group as an element value of the corresponding
dimension in the single molecule vector.

Converting the first contribution value vector according to a contribution value of
each primary group of the single molecule to the boiling point comprises: taking the
number of types of primary groups as the dimension of the first contribution value vector;
and taking the contribution value of each primary group to the boiling point as an element

value of the corresponding dimension in the first contribution value vector. Converting the
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second contribution value vector according to a contribution value of each secondary
group of the single molecule to the boiling point comprises: taking the number of
types of secondary groups as the dimension of the second contribution value vector;
and taking the contribution value of each secondary group to the boiling point as an
element value of the corresponding dimension in the second contribution value vector.
By analogy, converting the N-th contribution value vector according to a contribution
value of each N-stage group of the single molecule to the boiling point comprises:
taking the number of types of N-stage groups as the dimension of the N-th
contribution value vector; and taking the contribution value of each N-stage group to
the boiling point as an element value of the corresponding dimension in the N-th
contribution value vector.

As another example, the density of the single molecule is calculated according to
a property calculation model as follows:

o SOLxGROUP,
(SOLxGROUP, +......+ SOLxGROUP,, ) xe .

where, D is the density of the single molecule, SOL js a single molecule vector
converted according to the number of groups of each group constituting the single

GROUP,,

molecule, is an N+1-th contribution value vector converted according to a

contribution value of the primary group to the density, GROUP,, s an N+2-th
contribution value vector converted according to a contribution value of the secondary

GROUR, is a 2N-th contribution value vector converted

group to the density,
according to a contribution value of the N-stage group to the density, € is the fourth
preset constant; and N is a positive integer greater than or equal to 2.

Converting the single molecule vector according to the number of groups of each
group constituting the single molecule, comprises: taking the number of species of all
groups constituting a single molecule as a dimension of the single molecule vector;
and taking the number of groups of each group as an element value of the
corresponding dimension in the single molecule vector.

Converting the N+1-th contribution value vector according to a contribution
value of each primary group of the single molecule to the density comprises: taking
the number of types of primary groups as a dimension of the N+1-th contribution

value vector; and taking the contribution value of each primary group to the density as
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an element value of the corresponding dimension in the N+1-th contribution value vector.
Converting the N+2-th contribution value vector converted according to a contribution
value of each secondary group of the single molecule to the density comprises: taking the
number of types of secondary groups as a dimension of the N+2-th contribution value
vector; and taking the contribution value of each secondary group to the density as an
element value of the corresponding dimension in the N+2-th contribution value vector. By
analogy, converting the 2N-th contribution value vector converted according to a
contribution value of each N-stage group of the single molecule to the density comprises:
taking the number of types of N-stage groups as a dimension of the 2N contribution value
vector; and taking the contribution value of each N-stage group to the density as an
element value of the corresponding dimension in the 2N contribution value vector.

For example, the octane number of the single molecule is calculated according to a
property calculation model as follows:

X =SOLxGROUER, + SOLxGROUR, +......+ SOLxGROUR,, +h :

where, X is the octane number of the single molecule, SOL js a single molecule
vector converted according to the number of groups of each group constituting the single

GROUP,

molecule, 1 is a 2N+1-th contribution value vector converted according to a

GROUR, is a 2N+2-th

contribution value vector converted according to a contribution value of the secondary

GROUR,,

contribution value of the primary group to the octane number,

group to the octane number, is a 3N-th contribution value vector converted

according to a contribution value of the N-stage group to the octane number; N is a positive

integer greater than or equal to 2; and h'is the fifth preset constant.

Converting the single molecule vector according to the number of groups of each
group constituting the single molecule, comprises: taking the number of species of all
groups constituting a single molecule as a dimension of the single molecule vector; and
taking the number of groups of each group as an element value of the corresponding
dimension in the single molecule vector.

Converting the 2N+1-th contribution value vector according to a contribution value of
each primary group of the single molecule to the octane number comprises: taking the
number of types of primary groups as a dimension of the 2N+1-th contribution value

vector; and taking the contribution value of each primary group to the octane number as an
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element value of the corresponding dimension in the 2N+1-th contribution value
vector. Converting the 2N+2-th contribution value vector converted according to a
contribution value of each secondary group of the single molecule to the octane
number comprises: taking the number of types of secondary groups as a dimension of
the 2N+2-th contribution value vector; and taking the contribution value of each
secondary group to the octane number as an element value of the corresponding
dimension in the 2N+2-th contribution value vector. By analogy, converting the 3N
contribution value vector converted according to a contribution value of each N-stage
group of the single molecule to the octane number comprises: taking the number of
types of N-stage groups as a dimension of the 3N contribution value vector; and
taking the contribution value of each N-stage group to the octane number as an
element value of the corresponding dimension in the 3N contribution value vector.

After the physical property of the corresponding single molecule is obtained by
calculation in the above steps, the single molecule is taken as a template single
molecule, and the number of groups and corresponding physical properties of each
group constituting a single molecule are stored into the database.

As shown in FIG. 10, before the step S82, the method of calculation further
comprises:

S101, the number of groups of each group constituting the single molecule is
compared with molecular information of a template single molecule with known
physical properties pre-stored in a database, the molecular information comprising the
number of groups of each group constituting the template single molecule.

S102, it is determined whether there is a same template single molecule as the
single molecule.

S103, if there is a same template single molecule as the single molecule, the
physical properties of the template single molecule are outputted as a physical
property of the single molecule.

S104, if there is not a same template single molecule as the single molecule, then
the step of the inputting the number of groups of each group constituting the single
molecule and the contribution value of each group to the physical property into a pre-
trained property calculation model is performed.

In this solution, after the number of groups of each group that constitutes a single

molecule is obtained, by comparing the number of corresponding groups, it is
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confirmed whether the structure and physical properties of this type of single molecule
have been stored in the database, and after the appearance of the template single molecule
consistent with the single molecule is confirmed, the physical properties of the single
molecule are directly outputted, thereby improving the calculation efficiency of single
molecule physical properties and reducing the amount of calculation.

The steps of training the product prediction model are described further below. As
shown in FIG. 11, FIG. 11 is a flow chart of steps of training a product prediction model
according to an embodiment of the present disclosure.

S111, a product prediction model is established; wherein the product prediction model
comprises: a set of reaction rules comprising a plurality of reaction rules and a reaction rate
algorithm.

The product prediction model is correspondingly established according to the type of
petroleum processing devices.

The product prediction model corresponding to the petroleum processing device
includes: a set of reaction rules and a reaction rate algorithm corresponding to the
petroleum processing device. The set of reaction rules includes: a plurality of reaction rules
corresponding to the petroleum processing devices.

S112, sample feedstock information for a sample feedstock is acquired.

The sample feedstock information of the sample feedstock comprises: molecular
composition of the sample feedstock, molecular content of each molecule in the sample
feedstock, molecular composition of an actual product corresponding to the sample
feedstock, and actual content of each molecule in the actual product. The actual product
refers to the product obtained after the sample feedstock is processed by the petroleum
processing device.

S113, the set of reaction rules is trained by using the sample feedstock information,
and the set of reaction rules that has been trained is fixed.

A way to train a set of reaction rules is given below. It should be appreciated by those
skilled in the art that the way is only illustrative of the present embodiments and is not
intended to limit the present embodiments.

As shown in FIG. 12, FIG. 12 is a flowchart diagram of steps of training a set of
reaction rules according to an embodiment of the present disclosure.
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S121, the molecular composition of the sample feedstock is processed according
to a preset set of reaction rules, to obtain a reaction pathway corresponding to each
molecule in the molecular composition of the sample feedstock.

When the reaction pathway is firstly calculated, the molecular composition of the
sample feedstock is processed in a set of preset reaction rules, to obtain a reaction
pathway corresponding to each molecule in the molecular composition of the sample
feedstock.

Each molecule in the sample feedstock is reacted according to reaction rules in a
set of reaction rules, to obtain a reaction path corresponding to each molecule.

S122, first molecule composition of a device output product is obtained
according to the reaction path corresponding to each molecule in the molecular
composition of the sample feedstock.

In the device output product, the sample feedstock, the intermediate product, and
the predicted product are included.

S123, a first relative deviation is calculated according to the first molecular
composition of the device output product and second molecular composition of the
actual product.

This step specifically comprises: acquiring species of single molecules in the
first molecule composition, to constitute a first set; acquiring species of single
molecules in the second molecule composition, to constitute a second set; determining
whether the second set is a subset of the first set; if the second set is not a subset of
the first set, obtaining a pre-stored relative deviation value that does not meet the
preset condition as the first relative deviation; and if the second set is a subset of the
first set, calculating the first relative deviation by a calculating formula as follows:

x = card((M =M, -M,) - M,)

card (M -M,-M))

where, X is the first relative deviation, M is the first set, M1 is a set of species

of single molecules in the molecular composition of the sample feedstock, M, is a set

of species of single molecules in the molecular composition of the intermediate

product, M, is the second set, and card is the number of elements in the sets.
S124, it is determined whether the first relative deviation meets a preset

condition; if yes, S125 is executed; if no, S126 is executed.
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Step S125, if the first relative deviation meets a preset condition, the set of reaction
rules is fixed.

Step S126, if the first relative deviation does not meet the preset condition, a reaction
rule in the set of reaction rules is adjusted and go to step S121, and the first relative
deviation is recalculated according to the adjusted set of reaction rules until the first
relative deviation meets the preset condition.

S114, the reaction rate algorithm is trained by using the sample feedstock information,
and the reaction rate algorithm that has been trained is fixed, to obtain the product
prediction model that has been trained.

A way to train the reaction rate algorithm is given below. Those skilled in the art
should be appreciated that this way is only used to illustrate the present embodiments and
is not intended to limit the present embodiments.

As shown in FIG. 13, FIG. 13 is a flowchart of steps of training a reaction rate
algorithm according to an embodiment of the present disclosure.

S131, a reaction rate of a reaction path corresponding to each molecule in the
molecular composition of the sample feedstock is respectively calculated according to the
reaction rate algorithm.

Specifically, a reaction rate of each reaction path is calculated according to a reaction
rate constant in the reaction rate algorithm.

The reaction rate constant is determined according to a calculation formula as follows:
_ k;E eXIO(EASREAE)(DX pe |

k

where, K is the reaction rate constant, Ks is the Boltzmann constant, Nis the Planck
constant, R is an ideal gas constant, Eis a temperature value of the environment at which
the reaction path is located, &XP is an exponential function with base of natural constant,
AS s an entropy change before and after the reaction corresponding to the reaction rule
corresponding to the reaction path, AE is a reaction energy barrier corresponding to the

reaction rule corresponding to the reaction path, % is a catalyst activity factor, P is a
pressure value of the environment at which the reaction path is located, and ¢ is a pressure
influencing factor corresponding to the reaction rule corresponding to the reaction path.
Specifically, the reaction rate of the reaction path is obtained according to the reaction
rate constant and the reaction concentration corresponding to the reaction path. For
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example, under the condition that the reaction rate constant has been determined, the
larger the space velocity, the shorter the contact time between the feedstocks and the
catalyst, the shorter the reaction time of the feedstocks, the higher the concentration of
the reactant in the feedstocks, and the higher the reaction rate of the reaction path; on
the contrary, the smaller the space velocity, the longer the contact time between the
feedstocks and the catalyst, the longer the reaction time of the feedstocks, the lower
the concentration of reactants in the feedstocks, and the lower the reaction rate of this
reaction path.

S132, predicted content of each molecule in a predicted product corresponding to
the sample feedstock is obtained according to molecular content of each molecule in
the sample feedstock and the reaction rate of the reaction path corresponding to the
molecule.

In this embodiment, the reaction rate corresponding to each reaction path is
calculated by the reaction rate calculation method in the product prediction model, in
combination with the single molecule content of each single molecule in the
feedstock, the predicted content of each single molecule in the predicted product. For
example, for the single molecule A in the feedstock, it is assumed that the single
molecule A corresponds to three reaction paths, and the reaction rates corresponding
to the three reaction paths are known; as the reaction proceeds, the concentration of
the single molecule A decreases, and the reaction rates corresponding to the three
reaction paths will decrease in proportion to the decrease in concentration, and thus
single molecule A will generate products in proportion to the reaction rates of the
three paths. According to the above steps, the product obtained by the reaction of each
molecule may be obtained, and the predicted product may be obtained. When the
single molecule content of each single molecule in the catalytic reforming feedstock is
known, the content of each single molecule in the predicted product may be obtained.

S133, a second relative deviation is calculated according to the predicted content
of each molecule in the predicted product and the actual content of each molecule in
the actual product.

In this embodiment, calculating the second relative deviation is, for example:

The second relative deviation = (actual content - predicted content) + actual

content.
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S134, it is determined whether the second relative deviation meets a preset condition;
if yes, S135 is executed; if no, S136 is executed.

Step S135, if the second relative deviation meets a preset condition, the reaction rate
algorithm is fixed.

Step S136, if the second relative deviation does not meet the preset condition, a
parameter in the reaction rate algorithm is adjusted and go the step S131, and the second
relative deviation is recalculated according to the adjusted reaction rate algorithm until the
second relative deviation meets the preset condition.

As shown in FIG. 14, the embodiments of the present disclosure provide an
optimization apparatus for a whole process of molecular-level oil refinery processing, the
optimization apparatus comprising: an acquisition unit 11, a first processing unit 12, a
second processing unit 13, a third processing unit 14, and a fourth processing unit 15.

In this embodiment, the acquisition unit 11 is configured to acquire molecular
composition of crude oil.

In this embodiment, the first processing unit 12 is configured to acquire molecular
composition of various fractions obtained by distillation of the crude oil according to
physical properties of various single molecules in the molecular composition of the crude
oil, and respectively input, according to a preset feedstock ratio, the corresponding
fractions into a product prediction model of a respective petroleum processing device as
petroleum processing feedstocks, to obtain molecular composition of a corresponding
predicted product and content of each single molecule in the predicted product.

In this embodiment, the second processing unit 13 is configured to blend each of the
predicted products which is used as a product blending feedstock according to a preset rule
set, to obtain molecular composition of a plurality of mixed products and content of each
single molecule in each of the mixed products.

In this embodiment, the third processing unit 14 is configured to respectively
calculate a product property of each of the mixed products according to the molecular
composition of each of the mixed products and the content of each single molecule in each
of the mixed products; and determine whether the product property of each of the mixed
products meets any preset standard in a preset standard set.

In this embodiment, the fourth processing unit 15 is configured to, if the product
property of each of the mixed products meets any preset standard in the preset standard set,

acquire a target parameter according to all mixed products and determine whether the
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target parameter meets a preset condition, and, if the target parameter does not meet
the preset condition, adjust the preset feedstock ratio, a parameter in the product
prediction model and a preset rule in the preset rule set, to re-obtain a plurality of
mixed products until the product property of each of the mixed products meets any
preset standard in the preset standard set and the target parameter meets the preset
condition.

In this embodiment, the optimization apparatus further comprises:

a flow control unit configured to acquire an input flow of petroleum processing
feedstocks input to each of the petroleum processing devices, determine whether each
of the input flows meets a preset input flow range of the respective petroleum
processing device; and adjust the preset feedstock ratio if any one of the input flows
does not meet the preset input flow range of the respective petroleum processing
device, and respectively re-input, according to the adjusted preset feedstock ratio, the
corresponding fractions into the product prediction model of the respective petroleum
processing device as petroleum processing feedstocks, until each of the input flows
meets the preset input flow range of the respective petroleum processing device.

In this embodiment, the optimization apparatus further comprises:

an in-feed property control unit configured to acquire the molecular composition
of the petroleum processing feedstocks inputted to each of the petroleum processing
devices and content of each single molecule in the petroleum processing feedstocks,
calculate a physical property of each single molecule in the petroleum processing
feedstocks, calculate a feedstock property of the petroleum processing feedstocks
according to the physical property of each single molecule and the content of each
single molecule in the petroleum processing feedstocks, determine whether each of
the feedstock properties meets a preset physical property restriction interval of the
respective petroleum processing device; and, if any of the feedstock properties does
not meet the preset physical property restriction interval of the respective petroleum
processing device, adjust the preset feedstock ratio and respectively re-input,
according to the adjusted preset feedstock ratio, the corresponding fractions into the
product prediction model of the respective petroleum processing device as petroleum
processing feedstocks, until each of the feedstock properties meets the preset physical

property restriction interval of the respective petroleum processing device.
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In this embodiment, the fourth processing unit 15 is , in particular, configured to
acquire a product price of each of mixed products and a yield of each of mixed
products, calculate a product benefit of each of mixed products according to the yield of
each of mixed products and the product price of each of mixed products, accumulate the
product benefit of each of mixed products to obtain a cumulative benefit, acquire a
feedstock price of each group of the petroleum processing feedstocks and an operating cost
of each of the petroleum processing devices, subtract feedstock prices of all petroleum
processing feedstocks and operating costs of all petroleum processing devices from the
cumulative benefit to obtain a comprehensive benefit, serve the comprehensive benefit as
the target parameter, determine whether the comprehensive benefit reaches a maximum
value, determine that the target parameter meets the preset condition if the comprehensive
benefit reaches the maximum value; and determine that the target parameter does not meet
the preset condition if the comprehensive benefit does not reach the maximum value.

In this embodiment, the optimization apparatus further comprises:

a product property control unit configured to, if the product property of any mixed
product does not meet any preset standard in the preset standard set, adjust the preset rule
in the preset rule set and blend each of the product blending feedstocks according to the
adjusted preset rule set, to re-obtain a plurality of mixed products until the product
property of each of the mixed products meets any preset standard in the preset standard set.

In this embodiment, the third processing unit 14 is, in particular, configured to acquire
first molecular composition of each group of the product blending feedstocks and first
component content of each single molecule in each group of the product blending
feedstocks, based on the preset rule set, obtain second molecular composition of each of
mixed products and second component content of each single molecule in each of mixed
products according to the first molecular composition of each group of the product
blending feedstock and the first component content of each single molecule in each group
of the product blending feedstocks, calculate a physical property of each single molecule in
each of the mixed products according to the number of groups of each group contained in
each single molecule in each of the mixed products and a contribution value of each group
to the physical property; and calculate a product property of each of the mixed products
according to the physical property and the second component content of each single

molecule in each of the mixed products.
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In this embodiment, the third processing unit 14 is, in particular, configured to,
for each single molecule, acquire the number of groups of each group constituting the
single molecule and a contribution value of each group to the physical property; and
input the number of groups of each group constituting the single molecule and the
contribution value of each group to the physical property into a pre-trained property
calculation model, to acquire the physical property of the single molecule outputted
by the property calculation model.

In this embodiment, the optimization apparatus further comprises: a single
molecule property template matching unit.

The single molecule property template matching unit is configured to compare
the number of groups of each group constituting the single molecule with molecular
information of a template single molecule with known physical properties pre-stored
in a database, the molecular information comprising the number of groups of each
group constituting the template single molecule, determine whether there is a same
template single molecule as the single molecule, if there is a same template single
molecule as the single molecule, output the physical properties of the template single
molecule as a physical property of the single molecule; and if there is not a same
template single molecule as the single molecule, then perform, by the third processing
unit 14, the step of the inputting the number of groups of each group constituting the
single molecule and the contribution value of each group to the physical property into
a pre-trained property calculation model.

In this embodiment, the first processing unit 12 is, in particular, configured to
acquire each single molecule in the crude oil and the content of each single molecule,
calculate a boiling point of each single molecule, respectively, cut the crude oil by
distillation according to a preset fractional distillation range to obtain multiple
fractions, and determine a single molecule and content of the single molecule
contained in each of the fractions according to the boiling point and the content of
each single molecule in the crude oil.

In this embodiment, the first processing unit 12 is further configured to, for two
fractions with adjacent distillation ranges, take the fraction with a relatively high
temperature in the distillation range as a first fraction, and take the fraction with a

relatively low temperature in the distillation range as a second fraction;
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calculate a minimum value of an overlapping interval of an overlapping distillation
range of the first fraction and the second fraction by the following formula:
Toin = T XA—SF) .

calculate a maximum value of the overlapping interval of the overlapping distillation
range of the first fraction and the second fraction by the following formula:
Toax = Tee XA+ SF) .

T

where, 'min is the minimum value of the overlapping interval, Tinax is the maximum

value of the overlapping interval, Tou is the distillation cut temperature of the first fraction

and the second fraction, and SF is a separation index of the first fraction and the second
fraction.

In this embodiment, the first processing unit 12 is further configured to calculate
content of distilled part into the first fraction of each single molecule in the overlapping int
erval and calculate content of distilled part into the second fraction of each single molecule

in the overlapping interval according to the content of each single molecule and each
single molecule corresponding to each boiling point of the overlapping interval, and obtain
the content of each single molecule and each single molecule in each of the first fraction
and the second fraction after the crude oil is cut by distillation according to the content of
distilled part into the first fraction of each single molecule in the overlapping interval and
the content of distilled part into the second fraction of each single molecule in the
overlapping interval;

wherein the content of distilled part into the first fraction of each single molecule in
the overlapping interval and the content of distilled part into the second fraction of each
single molecule in the overlapping interval are calculated by the following equation:

C;=In Jixc
T

min

.C/=C'-C|.

i
where, ~h is the content of distilled part into the first fraction of the i-th single

molecule in all molecules with a boiling point located in the overlapping interval, which

i
the i-th single molecule has the boiling point located in the overlapping interval, Ci is the
content of distilled part into the first fraction of the i-th single molecule in all molecules

with a boiling point located in the overlapping interval, which the i-th single molecule has
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the boiling point located in the overlapping interval, T is the boiling point of the i-th

Thin is the minimum value of the overlapping interval, and C' s the

single molecule,
content of the i-th single molecule in all molecules with a boiling point located in the
overlapping interval, which the i-th single molecule the boiling point located in the
overlapping interval.

In this embodiment, the first processing unit 12 is, in particular, configured to,
for each of the single molecule, acquire the number of groups of each group
constituting the single molecule and a contribution value of each group to the physical
property; and input the number of groups of each group constituting the single
molecule and the contribution value of each group to the boiling point into a pre-
trained property calculation model, to acquire the boiling point of the single molecule
outputted by pre-trained the property calculation model.

In this embodiment, the optimization apparatus further comprises: a single-
molecule boiling point template matching unit.

The single-molecule boiling point template matching unit is configured to
compare the number of groups of each group constituting the single molecule with
molecular information of a template single molecule with known boiling point pre-
stored in a database, the molecular information comprising the number of groups of
each group constituting the template single molecule, determine whether there is a
same template single molecule as the single molecule, if there is a same template
single molecule as the single molecule, output the boiling point of the template single
molecule as a boiling point of the single molecule; and if there is not a same template
single molecule as the single molecule, then perform, by the first processing unit 12,
the step of the inputting the number of groups of each group constituting the single
molecule and the contribution value of each group to the boiling point into a pre-
trained property calculation model.

In this embodiment, the optimization apparatus further comprises: a model
training unit.

The model training unit is configured to construct a property calculation model
of a single molecule, acquire the number of groups of each group constituting a
sample single molecule; wherein the physical property of the sample single molecule

is known, input the number of groups of each group constituting the sample single
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molecule into the property calculation model, acquire a predicted physical property of the
sample single molecule outputted by the property calculation model, if a deviation value
between the predicted physical property and the physical property which is known is less
than a preset deviation threshold, determine that the property calculation model converges,
acquiring a contribution value for each group to the physical property in the property
calculation model which is converged, and storing a contribution value for the group to the
physical property; and, if the deviation value between the predicted physical property and
the physical property which is known is greater than or equal to the deviation threshold,
adjust a contribution value corresponding to each group in the property calculation model
until the property calculation model converges.

In this embodiment, the model training unit is configured to establish the property
calculation model as shown below:

f =a+> nAf,

f

where, ' is the physical property of the single molecule, M s the number of groups

of the I-th group, Af is the contribution value of the I-th group to the physical property,
and 2 is an associated constant.

In the present embodiment, the model training unit is, in particular, configured to
determine a primary group, the number of groups of the primary group, a multi-stage
group, and the number of groups of the multi-stage group in all groups of the single
molecule, take all groups constituting the single molecule as the primary group, take
various groups which coexist and contribute to a same physical property in common as the
multi-stage group, and take the number of the various groups as a level of the multi-stage
group.

In this embodiment, the model training unit is configured to establish the property

calculation model as shown below:

f=a+) muAf, +> myAf, ...+ D myAfy,
i j

Fis the physical property of the single molecule, M is the number of groups

f

where,
of the I-th group in the primary group, Al is the contribution value of the I-th group in

the primary group to the physical property, My is the number of groups of the I th group
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in a secondary group, Ab, is the contribution value of the J -th group in the

secondary group to the physical property, My js the number of groups of the | -th

f is the contribution value of the -th group in the N-

group in an N-stage group, A
stage group to the physical property,  is an associated constant, and N is a positive
integer greater than or equal to 2.

In this embodiment, the first processing unit 12 is, in particular, configured to
determine a primary group, the number of groups of the primary group, a multi-stage
group, and the number of groups of the multi-stage group in all groups of the single
molecule, take all groups constituting the single molecule as the primary group, take
various groups which coexist and contribute to a same physical property in common
as the multi-stage group, and take the number of the various groups as a level of the
multi-stage group.

In this embodiment, the first processing unit 12 is, in particular, configured to
calculate the boiling point of the single molecule according to the following the
property calculation model:

SOLxGROUR + SOLxGROUR, +......+ SOLxGROUR, __

T= 5
(SOLx Numh)® +b

where, T is the boiling point of the single molecule, SOL js a single molecule
vector converted according to the number of groups of each group constituting the

GROUP,,

single molecule, is a first contribution value vector converted according to

Py, is a second

a contribution value of the primary group to the boiling point, GROU
contribution value vector converted according to a contribution value of the secondary

GROUP,,

group to the boiling point, is an N-th contribution value vector converted

according to a contribution value of the N-stage group to the boiling point, Numh js
the number of atoms other than the hydrogen atom in the single molecule, d is a first

preset constant, b is a second preset constant, C is a third preset constant, and N is a
positive integer greater than or equal to 2.

In this embodiment, the first processing unit 12 is, in particular, configured to
take the number of species of groups as a dimension of the single molecule vector,
and take the number of groups of each group as an element value of the corresponding

dimension in the single molecule vector.
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The first processing unit 12 is, in particular, configured to take the number of types of
primary groups as a dimension of the first contribution value vector, and take the
contribution value of each primary group to the boiling point as an element value of the
corresponding dimension in the first contribution value vector;

The first processing unit 12 is, in particular, configured to take the number of types of
secondary groups as a dimension of the second contribution value vector, and take the
contribution value of each secondary group to the boiling point as an element value of the
corresponding dimension in the second contribution value vector.

The first processing unit 12 is, in particular, configured to take the number of types of
N-stage groups as a dimension of the N-th contribution value vector and take the
contribution value of each N-stage group to the boiling point as an element value of the
corresponding dimension in the N-th contribution value vector.

In this embodiment, the first processing unit 12 is, in particular, configured to obtain
different amounts of each fraction according to the preset feedstock ratio, and respectively
input each fraction into the product prediction model of the respective petroleum
processing device, and the petroleum processing device comprises a catalytic cracking
unit, a delayed coking unit, a residue hydrotreating unit, a hydrocracking unit, a diesel
hydro-upgrading unit, a diesel hydro-refining unit, a gasoline hydro-refining unit, a
catalytic reforming unit and an alkylation unit.

In this embodiment, the optimization apparatus further comprises:

a model training unit configured to establish a product prediction model, acquire
sample feedstock information for a sample feedstock, train the set of reaction rules by
using the sample feedstock information, fix the set of reaction rules that has been trained,;
and train the reaction rate algorithm by using the sample feedstock information, and fix the
reaction rate algorithm that has been trained, to obtain the product prediction model that
has been trained; wherein the product prediction model comprises: a set of reaction rules
comprising a plurality of reaction rules and a reaction rate algorithm.

In this embodiment, the sample feedstock information of the sample feedstock
comprises: molecular composition of the sample feedstock, molecular content of each
molecule in the sample feedstock, molecular composition of an actual product
corresponding to the sample feedstock, and actual content of each molecule in the actual

product.
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In this embodiment, the model training unit is, in particular, configured to
process the molecular composition of the sample feedstock according to a preset set
of reaction rules, to obtain a reaction pathway corresponding to each molecule in the
molecular composition of the sample feedstock, obtain first molecule composition of
a device output product comprising the sample feedstock, an intermediate product,
and a predicted product according to the reaction path corresponding to each molecule
in the molecular composition of the sample feedstock, in the device output product,
comprising: the sample feedstock, the intermediate product, and the predicted
product, calculate a first relative deviation according to the first molecular
composition of the device output product and second molecular composition of the
actual product, if the first relative deviation meets a preset condition, fix the set of
reaction rules, and, if the first relative deviation does not meet the preset condition,
adjust a reaction rule in the set of reaction rules, and recalculate the first relative
deviation according to the adjusted set of reaction rules until the first relative
deviation meets the preset condition.

In this embodiment, the model training unit is, in particular, configured to
acquire species of single molecules in the first molecule composition, to constitute a
first set, acquire species of single molecules in the second molecule composition, to
constitute a second set, determine whether the second set is a subset of the first set, if
the second set is not a subset of the first set, obtain a pre-stored relative deviation
value that does not meet the preset condition as the first relative deviation, and, if the
second set is a subset of the first set, calculate the first relative deviation by a

_card((M =M, -M,—M,)

calculating formula as follows: card (M -M,-M, .

where, X1 is the first relative deviation, M is the first set, M. s a set of species

of single molecules in the molecular composition of the sample feedstock, M. is a set
of species of single molecules in the molecular composition of the intermediate

product, M

is the second set, and card represents the number of elements in the sets.

In this embodiment, the model training unit is, in particular, configured to
calculate a reaction rate of a reaction path corresponding to each molecule in the
molecular composition of the sample feedstock, respectively, according to the

reaction rate algorithm, obtain predicted content of each molecule in the predicted
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product corresponding to the sample feedstock according to molecular content of each
molecule in the sample feedstock and the reaction rate of the reaction path corresponding
to the molecule, calculate a second relative deviation according to the predicted content of
each molecule in the predicted product and the actual content of each molecule in the
actual product, if the second relative deviation meets a preset condition, fix the reaction
rate algorithm, and, if the second relative deviation does not meet the preset condition,
adjust a parameter in the reaction rate algorithm, and recalculate the second relative
deviation according to the adjusted reaction rate algorithm until the second relative
deviation meets the preset condition.

In this embodiment, the model training unit is, in particular, configured to calculate a
reaction rate of each reaction path according to a reaction rate constant in the reaction rate
algorithm;

wherein the reaction rate constant is determined according to a calculation formula as
_ kg E o EAS —AE

k Xp( Yo x P“
follows: h RE :

where, K is the reaction rate constant, Ks is the Boltzmann constant, Nis the Planck
constant, R is an ideal gas constant, E is a temperature value of the environment at which
the reaction path is located, €XP s an exponential function with base of natural constant,
AS s an entropy change before and after the reaction corresponding to the reaction rule
corresponding to the reaction path, AE is a reaction energy barrier corresponding to the

reaction rule corresponding to the reaction path, % is a catalyst activity factor, P is a
pressure value of the environment at which the reaction path is located, and & is a
pressure influencing factor corresponding to the reaction rule corresponding to the reaction
path.

In this embodiment, each petroleum processing device corresponds to a set of reaction
rules.

As shown in FIG. 15, the embodiments of the present disclosure provide an
optimization system for a whole process of molecular-level oil refinery processing
comprising a processor 1110, a communication interface 1120, a memory 1130, and a
communications bus 1140, wherein the processor 1110, the communications interface
1120, and the memory 1130 are in communication with each other via the communications
bus 1140;
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the memory 1130 is configured to store a computer program;

the processor 1110 is configured to carry out the optimization method for a
whole process of molecular-level oil refinery processing when executing the program
stored on the memory 1130: acquiring molecular composition of crude oil; acquiring
molecular composition of various fractions obtained by distillation of the crude oil
according to physical properties of various single molecules in the molecular
composition of the crude oil; respectively inputting, according to a preset feedstock
ratio, the corresponding fractions into a product prediction model of a respective
petroleum processing device as petroleum processing feedstocks, to obtain molecular
composition of a corresponding predicted product and content of each single molecule
in the predicted product; blending each of the predicted products which is used as a
product blending feedstock according to a preset rule set, to obtain molecular
composition of a plurality of mixed products and content of each single molecule in
each of the mixed products; respectively calculating a product property of each of the
mixed products according to the molecular composition of each of the mixed products
and the content of each single molecule in each of the mixed products; and
determining whether the product property of each of the mixed products meets any
preset standard in a preset standard set; if the product property of each of the mixed
products meets any preset standard in the preset standard set, acquiring a target
parameter according to all mixed products and determining whether the target
parameter meets a preset condition; and if the target parameter does not meet the
preset condition, adjusting the preset feedstock ratio, a parameter in the product
prediction model and a preset rule in the preset rule set, to re-obtain a plurality of
mixed products until the product property of each of the mixed products meets any
preset standard in the preset standard set and the target parameter meets the preset
condition.

For the system provided by the embodiments of the present invention, the
processor 1110 implements optimization by executing the program stored in the
memory 1130.

The communication bus 1140 mentioned in the above electronic device may be a
Peripheral Component Interconnect (PCI for short) bus or an Extended Industry
Standard Architecture (EISA for short) bus or the like. The communication bus 1140

may be divided into an address bus, a data bus, a control bus, and the like. For ease of
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representation, only one thick line is shown in FIG. 15, but it does not mean that there is
only one bus or one type of bus.

The communication interface 1120 is configured for communication between the
above electronic device and other devices.

The memory 1130 may include Random Access Memory (RAM for short), or may
include Non-volatile Memory, such as at least one disk storage. Alternatively, the memory
may also be at least one storage device located away from the aforementioned processor.

The above-mentioned processor 1110 may be a general-purpose processor, including
a Central Processing Unit (CPU for short), a Network Processor (NP for short), etc.; it may
also be a Digital Signal Processing (DSP for short), Application Specific Integrated Circuit
(ASIC for short), Field-Programmable Gate Array (FPGA for short) or other
programmable logic devices, discrete gate or transistor logic devices, and discrete
hardware components.

In a specific embodiment, a schematic block diagram of the optimization system for a
whole process of molecular-level oil refinery processing is shown in FIG. 16, which
further comprises an input unit 1150, a display 1160, and a power supply 1170. The
processor 1110 uses the central processing unit 1111 (when the central processing unit
1111 is used to execute the program stored in the memory 1130, it implements the steps of
the gasoline blending method, which refers to the above content “the processor 1110, when
executing the program stored on the memory 1130, performs the optimization method for a
whole process of molecular-level oil refinery processing” and is not described herein
redundantly).

The memory 1130 includes buffer memory 1131 (sometimes referred to as a buffer).
The memory 140 may include an application/function store 1132 for storing application
programs and functional programs or processes for performing the operation of the
optimization system for a whole process of molecular-level oil refinery processing
executed by the central processing unit 1111.

The memory 1130 may also include a data store 1133 for storing data, such as a
product prediction model, a preset rule set, a preset criteria set, a preset input flow range,
digital data, pictures, and/or any other data used by the optimization system for a whole
process of molecular-level oil refinery processing; the driver store 1134 of the memory

1130 may include various drivers of the gasoline blending device.
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The central processing unit 1111, also sometimes referred to as a controller or
operating control, may include a microprocessor or other processor device and/or logic
device. The central processing unit 1111 receives input and controls the operation of
the various components of the optimization system for a whole process of molecular-
level oil refinery processing.

The input unit 1150 provides input to the central processing unit 1111; the input
unit 1150 is, for example, a key or a touch input device; the power supply 1170 is
used to provide power to the optimization system for a whole process of molecular-
level oil refinery processing; the display 1160 is used for display of display objects,
such as images and text; the display, for example, may be an LCD display, but is not
limited thereto.

The present disclosure provides a computer-readable storage medium, the
computer-readable storage medium has stored therein one or more programs, one or
more programs executable by one or more processors to implement an optimization
method of any of the embodiments described above.

In any one of embodiments described above, it may be implemented in whole or
in part by software, hardware, firmware, or any combination thereof. When
implemented in software, the functions may be implemented in whole or in part in the
form of a computer program product. The computer program product includes one or
more computer instructions. When the computer program instructions are loaded and
executed on a computer, the processes or functions of the embodiments in accordance
with the present disclosure are generated in whole or in part. The computer may be a
general purpose computer, a special purpose computer, a computer network, or other
programmable apparatus. The computer instructions may be stored on or transmitted
from one computer-readable storage medium to another computer-readable storage
medium, e.g., the computer instructions may be transmitted from one website,
computer, server, or data center to another website, computer, server, or data center
via a wired (e.g., coaxial cable, fiber optic, digital subscriber line (DSL)), or wireless
(e.g., infrared, radio, microwave). Computer readable storage media can be any
available media that can be accessed by a computer or a data storage device that
includes one or more servers, data centers, and the like, which can be integrated with

one or more available media. The usable medium may be a magnetic medium, (e.g., a
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floppy disk, a hard disk, a magnetic tape), an optical medium (e.g., a DVD), or a
semiconductor medium (e.g., a solid state drive (SSD)), among others.

Finally, it should be noted that the above embodiments are only used to illustrate the
technical solutions of the present disclosure and are not intended to be limiting; although
the disclosure has been described in detail with reference to the aforementioned
embodiments, it will be understood by those of ordinary skill in the art that they may still
make modifications to the technical solutions set forth in the foregoing embodiments or
which equivalents may be substituted for some of the technical features thereof; rather,
these modifications or alternatives do not materially depart from the scope of the various
embodiments of this disclosure.
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Claims

1. An optimization method for a whole process of molecular-level oil refinery
processing, wherein the optimization method comprising:

acquiring molecular composition of crude oil;

acquiring molecular composition of various fractions obtained by distillation of
the crude oil according to physical properties of various single molecules in the
molecular composition of the crude oil;

respectively inputting, according to a preset feedstock ratio, the corresponding
fractions into a product prediction model of a respective petroleum processing device
as petroleum processing feedstocks, to obtain molecular composition of a
corresponding predicted product and content of each single molecule in the predicted
product;

blending each of the predicted products which is used as a product blending
feedstock according to a preset rule set, to obtain molecular composition of a plurality
of mixed products and content of each single molecule in each of the mixed products;

respectively calculating a product property of each of the mixed products
according to the molecular composition of each of the mixed products and the content
of each single molecule in each of the mixed products; and determining whether the
product property of each of the mixed products meets any preset standard in a preset
standard set;

if the product property of each of the mixed products meets any preset standard
in the preset standard set, acquiring a target parameter according to all mixed products
and determining whether the target parameter meets a preset condition; and

if the target parameter does not meet the preset condition, adjusting the preset
feedstock ratio, a parameter in the product prediction model and a preset rule in the
preset rule set, to re-obtain a plurality of mixed products until the product property of
each of the mixed products meets any preset standard in the preset standard set and
the target parameter meets the preset condition.

2. The optimization method according to claim 1, wherein the optimization
method further comprises:

acquiring an input flow of petroleum processing feedstocks input to each of the

petroleum processing devices;
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determining whether each of the input flows meets a preset input flow range of the
respective petroleum processing device; and

adjusting the preset feedstock ratio if any one of the input flows does not meet the
preset input flow range of the respective petroleum processing device, and respectively re-
inputting, according to the adjusted preset feedstock ratio, the corresponding fractions into
the product prediction model of the respective petroleum processing device as petroleum
processing feedstocks, until each of the input flows meets the preset input flow range of the
respective petroleum processing device.

3. The optimization method according to claim 1, wherein the optimization method
further comprises:

acquiring molecular composition of the petroleum processing feedstocks inputted to
each of the petroleum processing devices and content of each single molecule in the
petroleum processing feedstocks;

calculating a physical property of each single molecule in the petroleum processing
feedstocks, calculating a feedstock property of the petroleum processing feedstocks
according to the physical property of each single molecule and the content of each single
molecule in the petroleum processing feedstocks;

determining whether each of the feedstock properties meets a preset physical property
restriction interval of the respective petroleum processing device; and

if any of the feedstock properties does not meet the preset physical property
restriction interval of the respective petroleum processing device, adjusting the preset
feedstock ratio, and respectively re-inputting, according to the adjusted preset feedstock
ratio, the corresponding fractions into the product prediction model of the respective
petroleum processing device as petroleum processing feedstocks, until each of the
feedstock properties meets the preset physical property restriction interval of the respective
petroleum processing device.

4. The optimization method according to claim 1, wherein the acquiring a target
parameter according to all mixed products and determining whether the target parameter
meets a preset condition comprises:

acquiring a product price of each of mixed products and a yield of each of mixed
products;

calculating a product benefit of each of mixed products according to the yield of each

of mixed products and the product price of each of mixed products;
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accumulating the product benefit of each of mixed products to obtain a
cumulative benefit;

acquiring a feedstock price of each group of the petroleum processing feedstocks
and an operating cost of each of the petroleum processing devices;

subtracting feedstock prices of all petroleum processing feedstocks and operating
costs of all petroleum processing devices from the cumulative benefit to obtain a
comprehensive benefit;

serving the comprehensive benefit as the target parameter;

determining whether the comprehensive benefit reaches a maximum value;

determining that the target parameter meets the preset condition if the
comprehensive benefit reaches the maximum value; and

determining that the target parameter does not meet the preset condition if the
comprehensive benefit does not reach the maximum value.

5. The optimization method according to claim 1, wherein the optimization
method further comprises:

if the product property of any mixed product does not meet any preset standard
in the preset standard set, adjusting the preset rule in the preset rule set and blending
each of the product blending feedstocks according to the adjusted preset rule set, to
re-obtain a plurality of mixed products until the product property of each of the mixed
products meets any preset standard in the preset standard set.

6. The optimization method according to claim 1, wherein the respectively
calculating a product property of each of the mixed products according to the
molecular composition of each of the mixed products and the content of each single
molecule in each of the mixed products comprises:

acquiring first molecular composition of each group of the product blending
feedstocks and first component content of each single molecule in each group of the
product blending feedstocks;

based on the preset rule set, obtaining second molecular composition of each of
mixed products and second component content of each single molecule in each of
mixed products according to the first molecular composition of each group of the
product blending feedstock and the first component content of each single molecule in

each group of the product blending feedstocks;
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calculating a physical property of each single molecule in each of the mixed products
according to the number of groups of each group contained in each single molecule in each
of the mixed products and a contribution value of each group to the physical property; and

calculating a product property of each of the mixed products according to the physical
property and the second component content of each single molecule in each of the mixed
products.

7. The optimization method according to claim 6, wherein calculation of the physical
property of each single molecule comprises:

for each single molecule, acquiring the number of groups of each group constituting
the single molecule and a contribution value of each group to the physical property; and

inputting the number of groups of each group constituting the single molecule and the
contribution value of each group to the physical property into a pre-trained property
calculation model, to acquire the physical property of the single molecule outputted by the
pre-trained property calculation model.

8. The optimization method according to claim 7, wherein, before the inputting the
number of groups of each group constituting the single molecule and the contribution value
of each group to the physical property into a pre-trained property calculation model, the
optimization method further comprises:

comparing the number of groups of each group constituting the single molecule with
molecular information of a template single molecule with known physical properties pre-
stored in a database, the molecular information comprising the number of groups of each
group constituting the template single molecule;

determining whether there is a same template single molecule as the single molecule;

if there is a same template single molecule as the single molecule, outputting the
physical properties of the template single molecule as a physical property of the single
molecule; and

if there is not a same template single molecule as the single molecule, then
performing the step of the inputting the number of groups of each group constituting the
single molecule and the contribution value of each group to the physical property into a
pre-trained property calculation model.

9. The optimization method according to claim 1, wherein the acquiring molecular

composition of various fractions obtained by distillation of the crude oil according to
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physical properties of various single molecules in the molecular composition of the
crude oil comprises:

acquiring each single molecule in the crude oil and the content of each single
molecule;

calculating a boiling point of each single molecule, respectively; and

cutting the crude oil by distillation according to a preset fractional distillation
range to obtain multiple fractions, and determining a single molecule and content of
each single molecule contained in each of the fractions according to the boiling point
and the content of each single molecule in the crude oil.

10. The optimization method according to claim 9, wherein the optimization
method further comprises:

for two fractions with adjacent distillation ranges, taking the fraction with a
relatively high temperature in the distillation range as a first fraction, and taking the
fraction with a relatively low temperature in the distillation range as a second fraction;

calculating a minimum value of an overlapping interval of an overlapping
distillation range of the first fraction and the second fraction by the following
formula:

Toin = Teut x(l—SF); and

calculating a maximum value of the overlapping interval of the overlapping
distillation range of the first fraction and the second fraction by the following
formula:

Toax = T XA+ SF)

where, Thin is the minimum value of the overlapping interval,

TC

T is the

maximum value of the overlapping interval, "<t is the distillation cut temperature of

the first fraction and the second fraction, and SF is a separation index of the first
fraction and the second fraction.

11. The optimization method according to claim 10, wherein the optimization
method further comprises:

calculating content of distilled part into the first fraction of each single molecule
in the overlapping interval and calculating content of distilled part into the second frac
tion of each single molecule in the overlapping interval according to the content of
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each single molecule and each single molecule corresponding to each boiling point of the
overlapping interval,

wherein the content of distilled part into the first fraction of each single molecule in
the overlapping interval and the content of distilled part into the second fraction of each
single molecule in the overlapping interval are calculated by the following equation:

Ci=ln (Ji)xC
T

min
H

C/=C'-C|.

Cy

where, is the content of distilled part into the first fraction of the i-th single

molecule in all molecules with a boiling point located in the overlapping interval, which

i
the i-th single molecule has the boiling point located in the overlapping interval, C is the
content of distilled part into the first fraction of the i-th single molecule in all molecules
with a boiling point located in the overlapping interval, which the i-th single molecule has

the boiling point located in the overlapping interval, Ti

Thin is the minimum value of the overlapping interval, and C'is the

is the boiling point of the i-th

single molecule,
content of the i-th single molecule in all molecules with a boiling point located in the
overlapping interval, which the i-th single molecule has the boiling point located in the
overlapping interval; and

obtaining the content of each single molecule and each single molecule in each of the
first fraction and the second fraction after the crude oil is cut by distillation according to
the content of distilled part into the first fraction of each single molecule in the overlapping
interval and the content of distilled part into the second fraction of each single molecule in
the overlapping interval.

12. The optimization method according to claim 9, wherein the calculating a boiling
point of each single molecule comprises:

for each of the single molecule, acquiring the number of groups of each group
constituting the single molecule and a contribution value of each group to the boiling point;
and

inputting the number of groups of each group constituting the single molecule and the

contribution value of each group to the boiling point into a pre-trained property calculation
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model, to acquire the boiling point of the single molecule outputted by the pre-trained
property calculation model.

13. The optimization method according to claim 12, wherein, before the
inputting the number of groups of each group constituting the single molecule and the
contribution value of each group to the boiling point into a pre-trained property
calculation model, the optimization method further comprises:

comparing the number of groups of each group constituting the single molecule
with molecular information of a template single molecule with known boiling point
pre-stored in a database, the molecular information comprising the number of groups
of each group constituting the template single molecule;

determining whether there is a same template single molecule as the single
molecule;

if there is a same template single molecule as the single molecule, outputting the
boiling point of the template single molecule as a boiling point of the single molecule;
and

if there is not a same template single molecule as the single molecule, then
performing the step of the inputting the number of groups of each group constituting
the single molecule and the contribution value of each group to the boiling point into
a pre-trained property calculation model.

14. The optimization method according to claim 7 or 12, wherein a step of
training the property calculation model comprises:

constructing a property calculation model of a single molecule;

acquiring the number of groups of each group constituting a sample single
molecule; wherein the physical property of the sample single molecule is known;

inputting the number of groups of each group constituting the sample single
molecule into the property calculation model;

acquiring a predicted physical property of the sample single molecule outputted
by the property calculation model;

if a deviation value between the predicted physical property and the physical
property which is known is less than a preset deviation threshold, determining that the
property calculation model converges, acquiring a contribution value corresponding to
each group in the property calculation model which is converged, and storing the

contribution value as a contribution value of the group to the physical property; and
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if the deviation value between the predicted physical property and the physical
property which is known is greater than or equal to the deviation threshold, adjusting a
contribution value corresponding to each group in the property calculation model until the
property calculation model converges.

15. The optimization method according to claim 14, wherein the property calculation
model is established as shown below:

f=a+ ZniAfi

f

where, ' is the physical property of the single molecule, " is the number of groups

of the I-th group, Af is the contribution value of the i-th group to the physical property,
and @ is an associated constant.

16. The optimization method according to claim 14, wherein the acquiring the number
of groups of each group constituting a sample single molecule comprises:

determining a primary group, the number of groups of the primary group, a multi-
stage group, and the number of groups of the multi-stage group in all groups of the single
molecule;

taking all groups constituting the single molecule as the primary group; and

taking various groups which coexist and contribute to a same physical property in
common as the multi-stage group, and taking the number of the various groups as a level
of the multi-stage group.

17. The optimization method according to claim 16, wherein,

the property calculation model is established as shown below:

f=a+) muAf, +> m, Af, ..+ myAf,
i j

T is the physical property of the single molecule, Msi s the number of groups

where,
of the i-th group in the primary group, Afy is the contribution value of the 1-th group in
the primary group to the physical property, M2i is the number of groups of the I th group

in a secondary group, A, is the contribution value of the J -th group in the secondary

group to the physical property, Myt is the number of groups of the | -th group in an N-stage
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group, Afy is the contribution value of the !-th group in the N-stage group to the
physical property, @ is an associated constant, and N is a positive integer greater than
or equal to 2.

18. The optimization method according to claim 12, wherein the acquiring the
number of groups of each group constituting the single molecule comprises:

determining a primary group, the number of groups of the primary group, a
multi-stage group, and the number of groups of the multi-stage group in all groups of
the single molecule;

taking all groups constituting the single molecule as the primary group; and

taking various groups which coexist and contribute to a same physical property
in common as the multi-stage group, and taking the number of the various groups as a
level of the multi-stage group.

19. The optimization method according to claim 18, wherein,

the inputting the number of groups of each group constituting the single
molecule and the contribution value of each group to the physical property into a pre-
trained property calculation model, to acquire the boiling point of the single molecule
outputted by the pre-trained property calculation model comprises:

calculating the boiling point of the single molecule according to the following
the property calculation model:

_ SOLxGROUP, + SOLxGROUP, +......+ SOLxGROUR, __

T d
(SOL x Numh)® +b

where, T is the boiling point of the single molecule, SOL js a single molecule
vector converted according to the number of groups of each group constituting the

GROUR,

single molecule, is a first contribution value vector converted according to

GROUR, is a second

a contribution value of the primary group to the boiling point,
contribution value vector converted according to a contribution value of the secondary

GROUR, is an N-th contribution value vector converted

group to the boiling point,
according to a contribution value of the N-stage group to the boiling point, Numh s
the number of atoms other than the hydrogen atom in the single molecule, d s a first

preset constant, b is a second preset constant, € is a third preset constant, and N is a

positive integer greater than or equal to 2.
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20. The optimization method according to claim 19, wherein,

converting the single molecule vector according to the number of groups of each
group constituting the single molecule comprises:

taking the number of species of groups as a dimension of the single molecule vector;
and

taking the number of groups of each group as an element value of the corresponding
dimension in the single molecule vector,

converting the first contribution value vector according to a contribution value of the
primary group to the boiling point comprises:

taking the number of types of primary groups as a dimension of the first contribution
value vector; and

taking the contribution value of each primary group to the boiling point as an element
value of the corresponding dimension in the first contribution value vector,

converting the second contribution value vector according to a contribution value of
the secondary group to the boiling point comprises:

taking the number of types of secondary groups as a dimension of the second
contribution value vector; and

taking the contribution value of each secondary group to the boiling point as an
element value of the corresponding dimension in the second contribution value vector,

converting the N-th contribution value vector according to a contribution value of
each N-stage group to the boiling point comprises:

taking the number of types of N-stage groups as a dimension of the N-th contribution
value vector; and

taking the contribution value of each N-stage group to the boiling point as an element
value of the corresponding dimension in the N-th contribution value vector.

21. The optimization method according to claim 1, wherein the respectively inputting,
according to a preset feedstock ratio, the corresponding fractions into a product prediction
model of a respective petroleum processing device comprises:

obtaining different amounts of each fraction according to the preset feedstock ratio,
and respectively inputting each fraction into the product prediction model of the respective
petroleum processing device,

the petroleum processing device comprises a catalytic cracking unit, a delayed coking

unit, a residue hydrotreating unit, a hydrocracking unit, a diesel hydro-upgrading unit, a
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diesel hydro-refining unit, a gasoline hydro-refining unit, a catalytic reforming unit
and an alkylation unit.

22. The optimization method according to claim 21, wherein, a step of training
the product prediction model comprises:

establishing a product prediction model; wherein the product prediction model
comprises: a set of reaction rules comprising a plurality of reaction rules and a
reaction rate algorithm;

acquiring sample feedstock information for a sample feedstock;

training the set of reaction rules by using the sample feedstock information, and
fixing the set of reaction rules that has been trained; and

training the reaction rate algorithm by using the sample feedstock information,
and fixing the reaction rate algorithm that has been trained, to obtain the product
prediction model that has been trained.

23. The optimization method according to claim 22, wherein the sample
feedstock information of the sample feedstock comprises: molecular composition of
the sample feedstock, molecular content of each molecule in the sample feedstock,
molecular composition of an actual product corresponding to the sample feedstock,
and actual content of each molecule in the actual product.

24. The optimization method according to claim 23, wherein the training the set
of reaction rules by using the sample feedstock information comprises:

processing the molecular composition of the sample feedstock according to a
preset set of reaction rules, to obtain a reaction pathway corresponding to each
molecule in the molecular composition of the sample feedstock;

obtaining first molecule composition of a device output product comprising the
sample feedstock, an intermediate product, and a predicted product according to the
reaction path corresponding to each molecule in the molecular composition of the
sample feedstock; in the device output product, comprising: the sample feedstock, the
intermediate product, and the predicted product;

calculating a first relative deviation according to the first molecular composition
of the device output product and second molecular composition of the actual product;

if the first relative deviation meets a preset condition, fixing the set of reaction

rules; and
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if the first relative deviation does not meet the preset condition, adjusting a reaction
rule in the set of reaction rules, and recalculating the first relative deviation according to
the adjusted set of reaction rules until the first relative deviation meets the preset condition.

25. The optimization method according to claim 24, wherein the calculating a first
relative deviation according to the first molecular composition of the device output product
and second molecular composition of the actual product comprises:

acquiring species of single molecules in the first molecule composition, to constitute a
first set;

acquiring species of single molecules in the second molecule composition, to
constitute a second set;

determining whether the second set is a subset of the first set;

if the second set is not a subset of the first set, obtaining a pre-stored relative
deviation value that does not meet the preset condition as the first relative deviation; and

if the second set is a subset of the first set, calculating the first relative deviation by a
calculating formula as follows:

x card((M =M, -M,) - M,)

card (M -M;-M,)

M,

where, % is the first relative deviation, M is the first set, is a set of species of

single molecules in the molecular composition of the sample feedstock, M: is a set of

species of single molecules in the molecular composition of the intermediate product, M,
is the second set, and card represents the number of elements in the sets.

26. The optimization method according to claim 23, wherein the training the reaction
rate algorithm by using the sample feedstock information comprises:

calculating a reaction rate of a reaction path corresponding to each molecule in the
molecular composition of the sample feedstock, respectively, according to the reaction rate
algorithm;

obtaining predicted content of each molecule in a predicted product corresponding to
the sample feedstock according to molecular content of each molecule in the sample
feedstock and the reaction rate of the reaction path corresponding to the molecule;

calculating a second relative deviation according to the predicted content of each
molecule in the predicted product and the actual content of each molecule in the actual

product;
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if the second relative deviation meets a preset condition, fixing the reaction rate
algorithm; and

if the second relative deviation does not meet the preset condition, adjusting a
parameter in the reaction rate algorithm, and recalculating the second relative
deviation according to the adjusted reaction rate algorithm until the second relative
deviation meets the preset condition.

27. The optimization method according to claim 26, wherein the calculating a
reaction rate of a reaction path corresponding to each molecule in the molecular
composition of the sample feedstock, respectively, according to the reaction rate
algorithm comprises:

calculating a reaction rate of each reaction path according to a reaction rate
constant in the reaction rate algorithm;

wherein the reaction rate constant is determined according to a calculation
formula as follows:

_kE_ (EAS-AE

X P«
P )exP”

k

kB

where, K is the reaction rate constant, is the Boltzmann constant, his the

Planck constant, R is an ideal gas constant, E is a temperature value of the
environment at which the reaction path is located, €XP s an exponential function with
base of natural constant, AS is an entropy change before and after the reaction

corresponding to the reaction rule corresponding to the reaction path, AE is a reaction
energy barrier corresponding to the reaction rule corresponding to the reaction path,

? is a catalyst activity factor, P is a pressure value of the environment at which the
reaction path is located, and ¢ is a pressure influencing factor corresponding to the
reaction rule corresponding to the reaction path.

28. The optimization method according to any one of claims 21-27, wherein each
petroleum processing device corresponds to a set of reaction rules.

29. An optimization apparatus for a whole process of molecular-level oil refinery
and processing, wherein the optimization apparatus comprising:

an acquisition unit configured to acquire molecular composition of crude oil;

a first processing unit configured to acquire molecular composition of various

fractions obtained by distillation of the crude oil according to physical properties of
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various single molecules in the molecular composition of the crude oil, and respectively
input, according to a preset feedstock ratio, the corresponding fractions into a product
prediction model of a respective petroleum processing device as petroleum processing
feedstocks, to obtain molecular composition of a corresponding predicted product and
content of each single molecule in the predicted product;

a second processing unit configured to blend each of the predicted products which is
used as a product blending feedstock according to a preset rule set, to obtain molecular
composition of a plurality of mixed products and content of each single molecule in each
of the mixed products;

a third processing unit configured to respectively calculate a product property of each
of the mixed products according to the molecular composition of each of the mixed
products and the content of each single molecule in each of the mixed products; and
determine whether the product property of each of the mixed products meets any preset
standard in a preset standard set; and

a fourth processing unit configured to, if the product property of each of the mixed
products meets any preset standard in the preset standard set, acquire a target parameter
according to all mixed products and determine whether the target parameter meets a preset
condition, and, if the target parameter does not meet the preset condition, adjust the preset
feedstock ratio, a parameter in the product prediction model and a preset rule in the preset
rule set, to re-obtain a plurality of mixed products until the product property of each of the
mixed products meets any preset standard in the preset standard set and the target
parameter meets the preset condition.

30. The optimization apparatus according to claim 29, wherein the optimization
apparatus further comprises:

a flow control unit configured to acquire an input flow of petroleum processing
feedstocks input to each of the petroleum processing devices, determine whether each of
the input flows meets a preset input flow range of the respective petroleum processing
device; and adjust the preset feedstock ratio if any one of the input flows does not meet the
preset input flow range of the respective petroleum processing device, and respectively re-
input, according to the adjusted preset feedstock ratio, the corresponding fractions into the
product prediction model of the respective petroleum processing device as petroleum
processing feedstocks, until each of the input flows meets the preset input flow range of the

respective petroleum processing device.
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31. The optimization apparatus according to claim 29, wherein the optimization
apparatus further comprises:

an in-feed property control unit configured to acquire molecular composition of
the petroleum processing feedstocks inputted to each of the petroleum processing
devices and content of each single molecule in the petroleum processing feedstocks,
calculate a physical property of each single molecule in the petroleum processing
feedstocks, calculate a feedstock property of the petroleum processing feedstocks
according to the physical property of each single molecule and the content of each
single molecule in the petroleum processing feedstocks, determine whether each of
the feedstock properties meets a preset physical property restriction interval of the
respective petroleum processing device; and, if any of the feedstock properties does
not meet the preset physical property restriction interval of the respective petroleum
processing device, adjust the preset feedstock ratio and respectively re-input,
according to the adjusted preset feedstock ratio, the corresponding fractions into the
product prediction model of the respective petroleum processing device as petroleum
processing feedstocks, until each of the feedstock properties meets the preset physical
property restriction interval of the respective petroleum processing device.

32. The optimization apparatus according to claim 29, wherein the fourth
processing unit is, in particular, configured to acquire a product price of each of
mixed products and a yield of each of mixed products, calculate a product benefit of
each of mixed products according to the yield of each of mixed products and the
product price of each of mixed products, accumulate the product benefit of each of
mixed products to obtain a cumulative benefit, acquire a feedstock price of each group
of the petroleum processing feedstocks and an operating cost of each of the petroleum
processing devices, subtract feedstock prices of all petroleum processing feedstocks
and operating costs of all petroleum processing devices from the cumulative benefit to
obtain a comprehensive benefit, serve the comprehensive benefit as the target
parameter, determine whether the comprehensive benefit reaches a maximum value,
determine that the target parameter meets the preset condition if the comprehensive
benefit reaches the maximum value; and determine that the target parameter does not
meet the preset condition if the comprehensive benefit does not reach the maximum

value.
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33. The optimization apparatus according to claim 29, wherein the optimization
apparatus further comprises:

a product property control unit configured to, if the product property of any mixed
product does not meet any preset standard in the preset standard set, adjust the preset rule
in the preset rule set and blend each of the product blending feedstocks according to the
adjusted preset rule set, to re-obtain a plurality of mixed products until the product
property of each of the mixed products meets any preset standard in the preset standard set.

34. The optimization apparatus according to claim 29, wherein the third processing
unit is, in particular, configured to acquire first molecular composition of each group of the
product blending feedstocks and first component content of each single molecule in each
group of the product blending feedstocks, based on the preset rule set, obtain second
molecular composition of each of mixed products and second component content of each
single molecule in each of mixed products according to the first molecular composition of
each group of the product blending feedstock and the first component content of each
single molecule in each group of the product blending feedstocks, calculate a physical
property of each single molecule in each of the mixed products according to the number of
groups of each group contained in each single molecule in each of the mixed products and
a contribution value of each group to the physical property; and calculate a product
property of each of the mixed products according to the physical property and the second
component content of each single molecule in each of the mixed products.

35. The optimization apparatus according to claim 34, wherein the third processing
unit is, in particular, configured to, for each single molecule, acquire the number of groups
of each group constituting the single molecule and a contribution value of each group to
the physical property; and input the number of groups of each group constituting the single
molecule and the contribution value of each group to the physical property into a pre-
trained property calculation model, to acquire the physical property of the single molecule
outputted by the pre-trained property calculation model.

36. The optimization apparatus according to claim 35, wherein the optimization
apparatus further comprises:

a single molecule property template matching unit configured to compare the number
of groups of each group constituting the single molecule with molecular information of a
template single molecule with known physical properties pre-stored in a database, the

molecular information comprising the number of groups of each group constituting the
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template single molecule, determine whether there is a same template single molecule
as the single molecule, if there is a same template single molecule as the single
molecule, output the physical properties of the template single molecule as a physical
property of the single molecule; and if there is not a same template single molecule as
the single molecule, then perform, by the third processing unit, the step of the
inputting the number of groups of each group constituting the single molecule and the
contribution value of each group to the physical property into a pre-trained property
calculation model.

37. The optimization apparatus according to claim 29, wherein the first
processing unit is, in particular, configured to acquire each single molecule in the
crude oil and the content of each single molecule, calculate a boiling point of each
single molecule, respectively, cut the crude oil by distillation according to a preset
fractional distillation range to obtain multiple fractions, and determine a single
molecule and content of the single molecule contained in each of the fractions
according to the boiling point and the content of each single molecule in the crude oil.

38. The optimization apparatus according to claim 37, wherein the first
processing unit is further configured to, for two fractions with adjacent distillation
ranges, take the fraction with a relatively high temperature in the distillation range as
a first fraction, and take the fraction with a relatively low temperature in the
distillation range as a second fraction;

calculate a minimum value of an overlapping interval of an overlapping
distillation range of the first fraction and the second fraction by the following
formula:

T =TaxxA=SF). 1

calculate a maximum value of the overlapping interval of the overlapping
distillation range of the first fraction and the second fraction by the following
formula:

T = Toue XA+ SF>;

Thin iIs the minimum value of the overlapping interval, Tirax is the

Tcut

where,

maximum value of the overlapping interval, is the distillation cut temperature of

the first fraction and the second fraction, and SF is a separation index of the first

fraction and the second fraction.
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39. The optimization apparatus according to claim 38, wherein the first processing
unit IS further configured to calculate
content of distilled part into the first fraction of each single molecule in the overlapping int
erval and calculate content of distilled part into the second fraction of each single molecule
in the overlapping interval according to the content of each single molecule and each
single molecule corresponding to each boiling point of the overlapping interval, and obtain
the content of each single molecule and each single molecule in each of the first fraction
and the second fraction after the crude oil is cut by distillation according to the content of
distilled part into the first fraction of each single molecule in the overlapping interval and
the content of distilled part into the second fraction of each single molecule in the
overlapping interval,

wherein the content of distilled part into the first fraction of each single molecule in
the overlapping interval and the content of distilled part into the second fraction of each
single molecule in the overlapping interval are calculated by the following equation:

Cl=In (Ji)xC]
T

min
)

C/ =C'-C|.

i
where, Ch is the content of distilled part into the first fraction of the i-th single

molecule in all molecules with a boiling point located in the overlapping interval, which

the i-th single molecule has the boiling point located in the overlapping interval, C is the
content of distilled part into the first fraction of the i-th single molecule in all molecules

with a boiling point located in the overlapping interval, which the i-th single molecule has

the boiling point located in the overlapping interval, T is the boiling point of the i-th

Toin is the minimum value of the overlapping interval, and C'is the

single molecule,
content of the i-th single molecule in all molecules with a boiling point located in the
overlapping interval, which the i-th single molecule has the boiling point located in the
overlapping interval.

40. The optimization apparatus according to claim 37, wherein the first processing
unit is, in particular, configured to, for each of the single molecule, acquire the number of
groups of each group constituting the single molecule and a contribution value of each

group to the boiling point; and input the number of groups of each group constituting the
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single molecule and the contribution value of each group to the boiling point into a
pre-trained property calculation model, to acquire the boiling point of the single
molecule outputted by the pre-trained property calculation model.

41. The optimization apparatus according to claim 40, wherein the optimization
apparatus further comprises:

a single-molecule boiling point template matching unit configured to compare
the number of groups of each group constituting the single molecule with molecular
information of a template single molecule with known boiling point pre-stored in a
database, the molecular information comprising the number of groups of each group
constituting the template single molecule, determine whether there is a same template
single molecule as the single molecule, if there is a same template single molecule as
the single molecule, output the boiling point of the template single molecule as a
boiling point of the single molecule; and if there is not a same template single
molecule as the single molecule, then perform, by the first processing unit, the step of
the inputting the number of groups of each group constituting the single molecule and
the contribution value of each group to the boiling point into a pre-trained property
calculation model.

42. The optimization apparatus according to claim 35, wherein the optimization
apparatus further comprises:

a model training unit configured to construct a property calculation model of a
single molecule, acquire the number of groups of each group constituting a sample
single molecule; wherein the physical property of the sample single molecule is
known, input the number of groups of each group constituting the sample single
molecule into the property calculation model, acquire a predicted physical property of
the sample single molecule outputted by the property calculation model, if a deviation
value between the predicted physical property and the physical property which is
known is less than a preset deviation threshold, determine that the property
calculation model converges, acquire a contribution value corresponding to each
group in the property calculation model which is converged, and store the
contribution value as a contribution value of the group to the physical property; and, if
the deviation value between the predicted physical property and the physical property

which is known is greater than or equal to the deviation threshold, adjust a
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contribution value corresponding to each group in the property calculation model until the
property calculation model converges.

43. The optimization apparatus according to claim 42, wherein the model training unit
is configured to establish the property calculation model as shown below:

f =a+) nAf,

f

where, ' is the physical property of the single molecule, Mi s the number of groups

of the i-th group, Af is the contribution value of the 1-th group to the physical property,
and 2 is an associated constant.

44. The optimization apparatus according to claim 42, wherein the model training unit
is, in particular, configured to determine a primary group, the number of groups of the
primary group, a multi-stage group, and the number of groups of the multi-stage group in
all groups of the single molecule, take all groups constituting the single molecule as the
primary group, take various groups which coexist and contribute to a same physical
property in common as the multi-stage group, and take the number of the various groups as
a level of the multi-stage group.

45. The optimization apparatus according to claim 44, wherein the model training unit

is configured to establish the property calculation model as shown below:

f=a+d muAf, +> my Af, .+ myAfy,
i j

f

where, ' is the physical property of the single molecule, Msi s the number of groups

of the i-th group in the primary group, Afy is the contribution value of the 1-th group in
the primary group to the physical property, Mz is the number of groups of the I th group

in a secondary group, ab, is the contribution value of the J -th group in the secondary
group to the physical property, Mwi- is the number of groups of the | -th group in an N-stage

group, Afy is the contribution value of the |-th group in the N-stage group to the physical
property, @ is an associated constant, and N is a positive integer greater than or equal to 2.
46. The optimization apparatus according to claim 40, wherein the first processing
unit is, in particular, configured to determine a primary group, the number of groups of the
primary group, a multi-stage group, and the number of groups of the multi-stage group in

all groups of the single molecule, take all groups constituting the single molecule as the
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primary group, take various groups which coexist and contribute to a same physical
property in common as the multi-stage group, and take the number of the various
groups as a level of the multi-stage group.

47. The optimization apparatus according to claim 46, wherein the first
processing unit is, in particular, configured to calculate the boiling point of the single
molecule according to the following the property calculation model:

_ SOLxGROUR +SOLxGROUR, +.....+ SOLxGROUR, __

T d
(SOLx Numh)® +b

where, T is the boiling point of the single molecule, SOL is a single molecule
vector converted according to the number of groups of each group constituting the

GROUP,,

single molecule, is a first contribution value vector converted according to

Py, is a second

a contribution value of the primary group to the boiling point, GROU
contribution value vector converted according to a contribution value of the secondary

GROUP,,

group to the boiling point, is an N-th contribution value vector converted

according to a contribution value of the N-stage group to the boiling point, Numh s
the number of atoms other than the hydrogen atom in the single molecule, d js a first

preset constant, b is a second preset constant, C is a third preset constant, and N is a
positive integer greater than or equal to 2.

48. The optimization apparatus according to claim 47, wherein the first
processing unit is, in particular, configured to take the number of species of groups as
a dimension of the single molecule vector, and take the number of groups of each
group as an element value of the corresponding dimension in the single molecule
vector;

the first processing unit is, in particular, configured to take the number of types
of primary groups as a dimension of the first contribution value vector, and take the
contribution value of each primary group to the boiling point as an element value of
the corresponding dimension in the first contribution value vector;

the first processing unit is, in particular, configured to take the number of types
of secondary groups as a dimension of the second contribution value vector, and take
the contribution value of each secondary group to the boiling point as an element

value of the corresponding dimension in the second contribution value vector; and
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the first processing unit is, in particular, configured to take the number of types of N-
stage groups as a dimension of the N-th contribution value vector and take the contribution
value of each N-stage group to the boiling point as an element value of the corresponding
dimension in the N-th contribution value vector.

49. The optimization apparatus according to claim 29, wherein the first processing
unit is, in particular, configured to obtain different amounts of each fraction according to
the preset feedstock ratio, and respectively input each fraction into the product prediction
model of the respective petroleum processing device, and the petroleum processing device
comprises a catalytic cracking unit, a delayed coking unit, a residue hydrotreating unit, a
hydrocracking unit, a diesel hydro-upgrading unit, a diesel hydro-refining unit, a gasoline
hydro-refining unit, a catalytic reforming unit and an alkylation unit.

50. The optimization apparatus according to claim 49, wherein the optimization
apparatus further comprises:

a model training unit configured to establish a product prediction model, acquire
sample feedstock information for a sample feedstock, train the set of reaction rules by
using the sample feedstock information, fix the set of reaction rules that has been trained;
and train the reaction rate algorithm by using the sample feedstock information, and fixthe
reaction rate algorithm that has been trained, to obtain the product prediction model that
has been trained; wherein the product prediction model comprises: a set of reaction rules
comprising a plurality of reaction rules and a reaction rate algorithm.

51. The optimization apparatus according to claim 50, wherein the sample feedstock
information of the sample feedstock comprises: molecular composition of the sample
feedstock, molecular content of each molecule in the sample feedstock, molecular
composition of an actual product corresponding to the sample feedstock, and actual content
of each molecule in the actual product.

52. The optimization apparatus according to claim 51, wherein the model training unit
is, in particular, configured to process the molecular composition of the sample feedstock
according to a preset set of reaction rules, to obtain a reaction pathway corresponding to
each molecule in the molecular composition of the sample feedstock, obtain first molecule
composition of a device output product comprising the sample feedstock, an intermediate
product, and a predicted product according to the reaction path corresponding to each
molecule in the molecular composition of the sample feedstock, in the device output

product, comprising: the sample feedstock, the intermediate product, and the predicted
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product, calculate a first relative deviation according to the first molecular
composition of the device output product and second molecular composition of the
actual product, if the first relative deviation meets a preset condition, fix the set of
reaction rules, and, if the first relative deviation does not meet the preset condition,
adjust a reaction rule in the set of reaction rules, and recalculate the first relative
deviation according to the adjusted set of reaction rules until the first relative
deviation meets the preset condition.

53. The optimization apparatus according to claim 52, wherein the model
training unit is, in particular, configured to acquire species of single molecules in the
first molecule composition, to constitute a first set, acquire species of single
molecules in the second molecule composition, to constitute a second set, determine
whether the second set is a subset of the first set, if the second set is not a subset of
the first set, obtain a pre-stored relative deviation value that does not meet the preset
condition as the first relative deviation, and, if the second set is a subset of the first
set, calculate the first relative deviation by a calculating formula as follows:

y _card(M M, -M,)—M,)
Y card (M-M,-M))

where, X1 is the first relative deviation, M is the first set, M: s a set of species

of single molecules in the molecular composition of the sample feedstock, M2 s a set

of species of single molecules in the molecular composition of the intermediate

product, M is the second set, and card represents the number of elements in the sets.

54. The optimization apparatus according to claim 51, wherein the model
training unit is, in particular, configured to calculate a reaction rate of a reaction path
corresponding to each molecule in the molecular composition of the sample
feedstock, respectively, according to the reaction rate algorithm, obtain predicted
content of each molecule in the predicted product corresponding to the sample
feedstock according to molecular content of each molecule in the sample feedstock
and the reaction rate of the reaction path corresponding to the molecule, calculate a
second relative deviation according to the predicted content of each molecule in the
predicted product and the actual content of each molecule in the actual product, if the
second relative deviation meets a preset condition, fix the reaction rate algorithm, and,

if the second relative deviation does not meet the preset condition, adjust a parameter
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in the reaction rate algorithm, and recalculate the second relative deviation according to the
adjusted reaction rate algorithm until the second relative deviation meets the preset
condition.

55. The optimization apparatus according to claim 54, wherein the model training unit
is, in particular, configured to calculate a reaction rate of each reaction path according to a
reaction rate constant in the reaction rate algorithm;

wherein the reaction rate constant is determined according to a calculation formula as
follows:
ks E o EAS — AE

X P
h p( nE ) x

k =

where, K is the reaction rate constant, Kg is the Boltzmann constant, his the Planck
constant, R is an ideal gas constant, E is a temperature value of the environment at which
the reaction path is located, €XP is an exponential function with base of natural constant,
AS s an entropy change before and after the reaction corresponding to the reaction rule
corresponding to the reaction path, AE is a reaction energy barrier corresponding to the

reaction rule corresponding to the reaction path, % is a catalyst activity factor, P is a
pressure value of the environment at which the reaction path is located, and & is a
pressure influencing factor corresponding to the reaction rule corresponding to the reaction
path.

56. The optimization apparatus according to any one of claims 49-55, wherein each
petroleum processing device corresponds to a set of reaction rules.

57. An optimization system for a whole process of molecular-level oil refinery
comprising a processor, a communication interface, a memory, and a communication bus,
wherein the processor, the communication interface, and the memory are in
communication with each other via the communication bus;

the memory is configured to store a computer program; and

the processor is configured to carry out the method according to any one of claims 1-
28 when executing the program stored in the memory.

58. A computer-readable storage medium, wherein the computer-readable storage
medium has stored therein one or more programs, the one or more programs being
executable by one or more processors to implement the method according to any one of

claims 1-28.



