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REMOTE MONITORING OF ADSORBER PROCESS UNITS

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of priority to U.S. Application No. 15/963,840,
filed April 26, 2018, and U.S. Provisional Application No. 62/491,785, filed April 28, 2017,

which are incorporated by reference in their entirety.

FIELD

[0002] The disclosure relates generally to a method and system for managing the
operation of a plant, such as a chemical plant or a petrochemical plant or a refinery, and more
particularly to a method for improving the performance of components that make up
operations in a plant. Typical plants may be those that provide natural gas processors or other

process units.
BACKGROUND

[0003] A plant or refinery may include one or more adsorbers, which may be subject to
various problems. Equipment may break down over time, and need to be repaired or replaced.
Additionally, a process may be more or less efficient depending on one or more operating
characteristics. There will always be a need for improving process efficiencies and improving

equipment reliability.

SUMMARY

[0004] The following summary presents a simplified summary of certain features. The

summary is not an extensive overview and is not intended to identify key or critical elements.

[0005] One or more embodiments may include a system comprising a plant comprising
an adsorber process unit, one or more sensors configured to measure operating information
for the adsorber process unit; a data collection platform; a data analysis platform; and/or a
control platform. The data collection platform may include one or more processors of the data
collection platform; a communication interface of the data collection platform and in
communication with the one or more sensors; and non-transitory computer-readable memory
storing executable instructions that, when executed, cause the data collection platform to:
receive sensor data comprising the operating information for the adsorber process unit;
correlate the sensor data with metadata comprising time data; and transmit the sensor data to

a data analysis platform. The data analysis platform may include one or more processors of
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the data analysis platform; non-transitory computer-readable memory storing executable
instructions that, when executed, cause the data analysis platform to: receive the sensor data
from the data collection platform; analyze the sensor data; and based on the analyzed sensor
data, transmit a command for an adjustment to an operating condition related to the adsorber
process unit. The control platform may include one or more processors of the control
platform; non-transitory computer-readable memory storing executable instructions that,
when executed, cause the control platform to: receive the command for the adjustment to the
operating condition related to the adsorber process unit; and adjust the operating condition

related to the adsorber process unit.

[0006] One or more embodiments may include a method comprising: receiving, by a data
analysis computing device, sensor data for a sensor associated with an adsorber process unit;
based on analyzing the sensor data, determining, by the data analysis computing device, an
ideal operating condition for an element of the adsorber process unit; determining, by the data
analysis computing device, a difference between a most recent operating condition for the
element of the adsorber process unit and the ideal operating condition for the element of the
adsorber process unit; based on the analyzed sensor data, determining, by the data analysis
computing device, a command for adjusting the element of the adsorber process unit to
reduce the difference between the most recent operating condition and the ideal operating
condition; and sending, by the data analysis computing device, the command for adjusting the

element of the adsorber process unit.

[0007] One or more embodiments may include non-transitory computer-readable media
storing executable instructions that, when executed by one or more processors, cause a
system to: receive sensor data for a sensor associated with an adsorber process unit; based on
analyzing the sensor data, determine an ideal operating condition for an element of the
adsorber process unit; determine a difference between a most recent operating condition for
the element of the adsorber process unit and the ideal operating condition for the element of
the adsorber process unit; based on the analyzed sensor data, determine a command for
adjusting the element of the adsorber process unit to reduce the difference between the most
recent operating condition and the ideal operating condition; and send the command for

adjusting the element of the adsorber process unit.

[0008] Other technical features may be readily apparent to one skilled in the art from the

following figures, descriptions, and claims.
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BRIEF DESCRIPTION OF DRAWINGS

[0009] The present disclosure is illustrated by way of example and not limited in the
accompanying figures in which like reference numerals indicate similar elements and in

which:

[0010] FIG. 1 depicts an illustrative arrangement for a natural gas process in accordance

with one or more example embodiments;

[0011] FIG. 2A depicts an illustrative adsorption process with regeneration gas flow

heating accordance with one or more example embodiments;

[0012] FIG. 2B depicts an illustrative adsorption process with regeneration gas flow

cooling accordance with one or more example embodiments;

[0013] FIG. 2C depicts an illustrative adsorption process unit having an adsorption vessel

in stand-by in accordance with one or more example embodiments;

[0014] FIG. 3A depicts the flow through an adsorber bed in accordance with one or more

example embodiments;

[0015] FIG. 3B depicts an analysis of adsorbent and analysis of effluent through the

adsorber bed of FIG. 3A in accordance with one or more example embodiments;

[0016] FIG. 4 depicts an illustrative adsorption process in accordance with one or more

example embodiments;

[0017] FIG. 5A depicts an illustrative computing environment for managing the operation
of one or more pieces of equipment in a plant in accordance with one or more example

embodiments;

[0018] FIG. 5B depicts an illustrative data collection computing platform for collecting
data related to the operation of one or more pieces of equipment in a plant in accordance with

one or more example embodiments;

[0019] FIG. 5C depicts an illustrative data analysis computing platform for analyzing
data related to the operation of one or more pieces of equipment in a plant in accordance with

one or more example embodiments;

[0020] FIG. 5D depicts an illustrative data analysis computing platform for analyzing
data related to the operation of one or more pieces of equipment in a plant in accordance with

one or more example embodiments;
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[0021] FIG. 5SE depicts an illustrative control computing platform for controlling one or
more parts of one or more pieces of equipment in a plant in accordance with one or more

example embodiments;

[0022] FIGS. 6A-6B depict an illustrative flow diagram of one or more steps that one or
more devices may perform in controlling one or more aspects of a plant operation in

accordance with one or more example embodiments; and

[0023] FIG. 7 depicts an illustrative dashboard for viewing information and/or taking
actions related to one or more aspects of a plant operation in accordance with one or more

example embodiments.
DETAILED DESCRIPTION

[0024] In the following description of various illustrative embodiments, reference is
made to the accompanying drawings, which form a part hereof, and in which is shown, by
way of illustration, various embodiments in which aspects of the disclosure may be practiced.
It is to be understood that other embodiments may be utilized, and structural and functional

modifications may be made, without departing from the scope of the present disclosure.

[0025] It is noted that various connections between elements are discussed in the
following description. It is noted that these connections are general and, unless specified
otherwise, may be direct or indirect, wired or wireless, and that the specification is not

intended to be limiting in this respect.

[0026] A natural gas processing plant is a facility designed to remove impurities and non-
methane hydrocarbons and fluids from raw natural gas to produce dry natural gas. A gas
processing plant is also used to recover natural gas liquids and other substances such as
sulfur. Natural gas processing separates the various hydrocarbons (ethane, propane, butane,
and pentanes) and fluids from the pure natural gas (methane), to produce what is known as

‘pipeline quality’ dry natural gas.

[0027] A non-limiting example gas-treating process 100 is shown in Fig. 1. A raw feed
gas 102 is fed into an amine acid gas removal unit 104 to remove acid gas 106, for example
to remove H2S, CO2, and COS. Water, mercaptan sulfur (RSH), and mercury (Hg) are
subsequently removed via a multi-adsorbent molecular sieve desulfurization unit 108. In the
next step, the C1 through C5+ hydrocarbon fractions are then separated in NGL recovery unit
110 such as via a turbo expander and natural gas liquids (“NGL”) fractionation. The treated

gas continues on such as to pipeline 7172, The C3 and C4 fractions are treated in a liquid-
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phase molecular sieve unit 174 to remove sulfur compounds such as COS and H:S (aka sulfur
polishing). When the adsorbent beds are spent, regeneration gas 116 is supplied to the
adsorbers to regenerate the adsorbent beds. The spent regeneration gas from the molecular
sieve desulfurization unit is treated in a Selexol Unit 118 to remove acid gas (RSH, HzS, and
COS) from the regeneration gas. The acid gas stream 7120 may be sent to a Claus sulfur
recovery unit for conversion into elemental sulfur. The desulfurized regeneration gas 122 is
either compressed and recycled back to the entry of the amine unit, and/or used as fuel for a

gas turbine for facility power generation.

[0028] References herein to a “plant” are to be understood to refer to any of various types of
chemical and petrochemical manufacturing or refining facilities. References herein to a plant
“operators” are to be understood to refer to and/or include, without limitation, plant planners,
managers, engineers, technicians, technical advisors, specialists (e.g., in instrumentation, pipe
fitting, and welding), shift personnel, and others interested in, starting up, overseeing,

monitoring operations of, and shutting down, the plant.
Adsorber

[0029] Adsorbers have many purposes in chemical, gas-processing, and petrochemical
plants. There are many different types of adsorbers with the selection based on the specifics of
its intended purpose. Adsorbers typically utilized in the natural gas industry include adsorbers
for dehydration of the natural gas. Adsorbers may also be used to remove water (H20)
and/or sulfur components such as hydrogen sulfide (H2S), mercaptan sulfur (RSH), and
carbonyl sulfide (COS), and/or mercury (Hg) from the gas streams. For example, as seen in
Fig. 1, adsorber 106 is used to dehydrate, and remove RSH and Hg from, the treated feed gas.
Adsorber 114 is used to remove COS and RSH from the C3 and C4 product streams.

[0030] Adsorber vessels may be made of any material of construction used for gas-
processing equipment. Such construction material may include carbon steel, stainless steel,
low chrome carbon steels, mid chrome carbon steels, austenitic stainless steels, high alloys,
copper alloys, nickel alloys and/or titanium. Adsorber vessels contain an adsorbent or

combination of adsorbents suitable for the process.

[0031] Batch processes typically use fixed bed adsorption vessels. Continuous processes
typically use multiple adsorbers operated in consecutive cycles of adsorption and
regeneration. Ideally the adsorbers operate at or close to design process parameters for

maximum performance and adsorbent service life.



WO 2018/201041 PCT/US2018/029942

[0032] The adsorbers operate in two cycles — The first cycle is an adsorption cycle where
adsorbent is loaded into the adsorber vessel and impurities are removed from a process
stream. The second cycle is a regeneration cycle where the adsorbent is heated and purged

with a regeneration gas to remove the impurities from the adsorbent.

[0033] FIGS. 2A-2C depict typical adsorption process units for gas processing. A feed
gas 202 enters a feed gas separator (KO drum) 204 where the acid gases are separated from
the feed gas. The separated feed gas is then fed to at least one of multiple parallel adsorber
vessels 206, 208, 210. For example, in each of FIGS. 2A-2C, two of the adsorber vessels
206, 208, are operating to remove impurities from the feed gas. After adsorption, the product
gas is filtered 212 and then transferred to NGL recovery such as shown in Fig. 1. In each of
FIGS. 2A-2C, a third adsorber 210 is being regenerated or is in standby mode.

[0034] FIG. 2A is directed to the regeneration heating during the process of regeneration.
Regeneration gas 214 is heated in a regeneration heater 216, and then transferred to the
bottom or top of adsorber vessel 210. The gas is removed from the top or bottom of adsorber
vessel 210, and then transferred to a regeneration gas separator 220 (knockout (KO) drum).
The regeneration heater 216 may be a heat exchanger, for example a plate and frame heat

exchanger.

[0035] FIG. 2B is directed to regeneration cooling during the process of regeneration.
Regeneration gas 214 is transferred to the bottom or top of adsorber vessel (bypassing heater
216.) The gas is removed from the top or bottom of adsorber vessel 210, transferred through
a regeneration gas cooler 218, and then transferred to a regeneration gas separator 220 (KO
drum). The regeneration gas cooler 220 may be a cold box or air cooler, for example a plate

and frame heat exchanger.

[0036] FIG. 2C is directed the third adsorber unit 2710 after regeneration and being
standby mode for when one of the other two adsorber units 206, 208 needs to be taken off

line for regeneration.

[0037] FIG. 3A depicts an adsorber system 300 having an adsorber vessel 302 having a
feed header 304, an adsorbent bed 306, and a product header 308. Feed gas 310 enters the
top of the adsorber vessel 302 through header 304, passes through the adsorbent bed 306, and
then effluent (dry gas) 312 exits the bottom of the adsorber. The gas. FIG. 3B provides an
analysis of the adsorbent (adsorbent loading vs. bed length) over incremental time periods

and an analysis of effluent (concentration of sorbable component vs time) over incremental
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time periods. As seen in Fig. 3B, as time passes, the adsorbent becomes saturated. The
effluent remains consistent until the bed has reached a percentage of saturation, at which
point the sorbable component is no longer being adsorbed by the bed. The correlation

between adsorbent loading and effluent is easily seen in FIG. 3B.

[0038] The adsorbent bed becomes saturated with impurities, depleting the adsorbent
bed’s adsorption capacity. At this point, the adsorber needs regeneration. Regeneration
occurs by reversing the flow through the adsorber vessel 302 with a regeneration gas as
described in Figs 2A and 2B above. Ideally, regeneration completely restores the original
adsorption capacity of the bed, without any effect on the adsorbent itself. In practical
applications, there may be a gradual ageing of the adsorbent over many regenerations, which

may impact on its performance.
Adsorbents

[0039] Adsorbents may be any suitable adsorbent for the process feed and desired
product. The adsorbent may be crystalline and may be in the form of particles in beads and
pellets. Common adsorbents include molecular sieves, activated carbon, and activated
alumina which come in a variety of shapes, sizes, and properties. Two or more different
adsorbents may be used in an adsorber, for example the adsorbents may be in different layers.
Suitable adsorbents for gas processing are UOP’s Molsiv (molecular sieve) adsorbents.

Adsorbents may last three to five years (e.g., 10,000 cycles).

Regeneration Gas

[0040] Adsorbents can be regenerated by stripping the impurities using a regeneration
gas. The effect of the regeneration gas can be enhanced by passing by heating the
regeneration gas prior to the adsorbent bed. For example, the gas may be heated up to 500

degrees F. Such regeneration gas may be pure, e.g., bone dry and sulphur free.

Problems Encountered

[0041] Adsorbers may be subjected to various issues, including but not limited to
moisture breakthrough, spent catalyst, too high or too low pressure drop, over or under
heating, over or under cooling, too high or too low flow rates, which can affect their
performance or result in a shutdown of the adsorbers. Such issues may be caused by liquid
carryover, bed support failure, bed lifting, agglomeration, flow imbalance, late stage attrition
of sieve, adsorbent layer mixing (compound beds), solids accumulation, and/or hydrate

formation.
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[0042] Natural gas processors can become inefficient and profits can erode when natural
gas liquid (NGL) production is reduced due to performance problems with the adsorbent
beds. This is especially true when unscheduled molecular sieve recharges are required as a

result of a process upset.

Monitoring

[0043] Monitoring the adsorbers and the processes using adsorbers may be performed to
determine if the adsorbent bed is reaching saturation, other problems are occurring, or if
equipment failures are imminent. Monitoring also helps to collect data that can be correlated
and used to predict behavior or problems in different adsorbers used in the same plant or in

other plants and/or processes.

[0044] For example, during the adsorption process as occurring in vessels 206 and 208 of
Fig. 2A, the water load to the adsorber can be determined by monitoring/measuring the feed
gas flow rate, feed pressure, feed temperature, and adsorption cycle time. During the
regeneration process as occurring in vessel 210 of Fig. 2A, the heat input is determined by
regeneration flow rate, regeneration heating temperature, and regeneration heating step time.
During the regeneration process as occurring in vessel 210 of Fig. 2B, the heat input is
determined by regeneration flow rate, regeneration cooling temperature, and regeneration

cooling step time.

[0045] Sensors may be used to monitor the process and equipment. Such sensors include,
for example, temperature sensors, pressure sensors, flow sensors, moisture sensors/analyzers,
gas valve position sensors, and bed status sensors. For example, as indicated in Fig. 4,
sensors may be placed at the adsorbent bed inlet 402 and outlet 404, the main (common) inlet
header 406, the main (common) outlet header 408, inlet/outlet/regeneration gas valve
positions 410, knock-out drum 412 valve positions, cold box inlet 414 and outlet 416, and
heat exchanger inlet 418 and outlets 420. Sensors may be placed within the adsorbent bed
422 and on the walls of the adsorber vessel 424.

[0046] Parameters that may be monitored include, but are not limited to, number of beds,
adsorbent bed diameter, adsorbent bed fresh capacity, adsorbent bed end of life capacity, bed
status (adsorption, heating, cooling, standby), number of cycles, adsorption time, heating
regeneration time, cooling regeneration time, standby time, and
pressurization/depressurization time. Other parameters include, but are not limited to,

adsorbent start date (fresh load), expected adsorbent life, weight of adsorbent loaded,
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adsorbent type, adsorbent particle size, moisture breakthrough limit, adsorbent bed high

pressure drop limit, and adsorbent bed outlet filter high pressure drop limit.

[0047] Feed gas parameters that are typically monitored include, but are not limited to,
viscosity and water saturation. Regeneration gas parameters that are typically monitored
include, but are not limited to, molecular weight and temperature. High pressure drop limits

may be monitored for the cold box, heat exchanger, and deethanizer.

[0048] Monitoring of the process conditions will allow for corrective actions to avoid
unscheduled shutdowns associated with reduced flow and irreparable adsorbent damage;
provide data to help to optimize the performance of adsorption systems and increase the
useful life of the adsorbent, reduce energy consumption, achieve ultra-low water effluent to

increase NGL production, and reduce turnaround times.

[0049] There may or may not be anything that can be done to correct issues or problems
associated with the issues in existing equipment, depending on the cause of the issues. In
some aspects, process changes or operating conditions may be altered to preserve the

equipment until the next scheduled maintenance period.

[0050] Process equipment used in the gas-treating process may deteriorate over time,
affecting the performance and integrity of the process. Such deteriorating equipment may
ultimately fail, but before failing, may decrease efficiency, yield, and/or product properties.

Aspects of the disclosure may be used to identify such deteriorating equipment.

[0051] Furthermore, elements of plants may be exposed to the outside and thus can be
exposed to various environmental stresses. Such stresses may be weather related, such as
temperature extremes (hot and cold), high-wind conditions, and precipitation conditions such
as snow, ice, and rain. Other environmental conditions may be pollution particulates, such as
dust and pollen, or salt if located near an ocean, for example. Such stresses can affect the
performance and lifetime of equipment in the plants. Different locations may have different
environmental stresses. For example, a refinery in Texas may have different stresses than a
chemical plant in Montana. Aspects of the disclosure can be used to identify if such stresses

are occurring and suggest corrective action.

[0052] Sensor Data Collection and Processing

[0053] The system may include one or more computing devices or platforms for
collecting, storing, processing, and analyzing data from one or more sensors. FIG. SA depicts

an illustrative computing system that may be implemented at one or more components, pieces

9
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of equipment (e.g., adsorber), and/or plants. FIG. SA — FIG. SE (hereinafter collectively
“FIG. 57), show, by way of illustration, various components of the illustrative computing
system in which aspects of the disclosure may be practiced. It is to be understood that other
components may be used, and structural and functional modifications may be made, in one or
more other embodiments without departing from the scope of the present disclosure.
Moreover, various connections between elements are discussed in the following description,
and these connections are general and, unless specified otherwise, may be direct or indirect,
wired or wireless, and/or combination thereof, and that the specification is not intended to be

limiting in this respect.

[0054] FIG. 5A depicts an illustrative operating environment in which various aspects of
the present disclosure may be implemented in accordance with example embodiments. The
computing system environment illustrated in FIG. SA is only one example of a suitable
computing environment and is not intended to suggest any limitation as to the scope of use or
functionality contained in the disclosure. The computing system environment 1000 may
include various sensor, measurement, and data capture systems, a data collection platform
1002, a data analysis platform 1004, a control platform 1006, one or more networks, one or
more remote devices, and/or one or more other elements. The numerous elements of the
computing system environment 1000 of FIG. SA may be communicatively coupled through
one or more networks. For example, the numerous platforms, devices, sensors, and/or
components of the computing system environment 1000 may be communicatively coupled
through a private network 1008. The sensors be positioned on various components in the
plant and may communicate wirelessly or wired with one or more platforms illustrated in
FIG. 5A. The private network 1008 may comprise, in some examples, a network firewall
device to prevent unauthorized access to the data and devices on the private network.
Alternatively, the private network 1008 may be isolated from external access through
physical means, such as a hard-wired network with no external, direct-access point. The data
communicated on the private network 1008 may be optionally encrypted for further security.
Depending on the frequency of collection and transmission of sensor measurements and other
data to the data collection platform 1002, the private network 1008 may experience large
bandwidth usage and be technologically designed and arranged to accommodate for such
technological issues. Moreover, the computing system environment 1000 may also include a
public network 1010 that may be accessible to remote devices 1054, 1056. In some

examples, the remote device (e.g., remote device 1054, remote device 1056) may be located

10
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not in the proximity (e.g., more than one mile away) of the various sensor, measurement, and
data capture systems illustrated in FIG. SA. In other examples, the remote device may be
physically located inside a plant, but restricted from access to the private network 1008; in
other words, the adjective “remote,” need not necessarily require the device to be located at a

great distance from the sensor systems and other components.

[0055] Although the computing system environment 1000 of FIG. SA illustrates logical
block diagrams of numerous platforms and devices, the disclosure is not so limited. In
particular, one or more of the logical boxes in FIG. 5 may be combined into a single logical
box or the functionality performed by a single logical box may be divided across multiple
existing or new logical boxes. For example, aspects of the functionality performed by the
data collection platform 1002 may be incorporated into one or each of the sensor devices
illustrated in FIG. SA. As such, the data collection may occur local to the sensor device, and
the enhanced sensor system may communicate directly with one or more of the control
platform and/or data analysis platform 1004. Such an embodiment is contemplated by FIG.
5A. Moreover, in such an embodiment, the enhanced sensor system may measure values
common to a sensor, but may also filter the measurements such just those values that are
statistically relevant or of-interest to the computing system environment are transmitted by
the enhanced sensor system. As a result, the enhanced sensor system may include a
processor (or other circuitry that enables execution of computer instructions) and a memory
to store those instructions and/or filtered data values. The processor may be embodied as an
application-specific integrated circuit (ASIC), FPGA, or other hardware- or software-based
module for execution of instructions. In another example, one or more sensors illustrated in
FIG. SA may be combined into an enhanced, multi-purpose sensor system. Such a combined
sensor system may provide economies of scale with respect to hardware components such as

processors, memories, communication interfaces, and others.

[0056] In yet another example, the data collection platform 1002 and data analysis
platform 1004 may reside on a single server computer and be depicted as a single, combined
logical box on a system diagram. Moreover, a data store may be illustrated in FIG. SA
separate and apart from the data collection platform 1002 and data analysis platform 1004 to
store a large amount of values collected from sensors and other components. The data store
may be embodied in a database format and may be made accessible to the public network;
meanwhile, the control platform 1006, data collection platform 1002, and data analysis

platform 1004 may be restricted to the private network 1008 and left inaccessible to the

11
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public network 1010. As such, the data collected from a plant may be shared with users (e.g.,
engineers, data scientists, others), a company’s employees, and even third parties (e.g.,
subscribers to the company’s data feed) without compromising potential security
requirements related to operation of a plant. The data store may be accessible to one or more

users and/or remote devices over the public network 1010.

[0057] Referring to FIG. 5A, process measurements from various sensor and monitoring
devices may be used to monitor conditions in, around, and on process equipment (e.g.,
adsorbers). Such sensors may include, but are not limited to, pressure sensors 1024, pressure
drop sensors 1038, differential pressure sensors, disc sensors 1022, other flow sensors,
temperature sensors 1012 including thermal cameras 1020 and skin thermocouples,
capacitance sensors, microphones 1028, weight sensors, gas chromatographs 1014, moisture
sensors 1034, ultrasonic sensors 1032, valve position sensors 1036, timing sensors 1016,
vibration sensors 1026, cycle count sensors 1013, level sensors, liquid level (hydraulic fluid)
sensors, and other sensors commonly found in the refining and petrochemical industry.
Further, process laboratory measurements may be taken using gas chromatographs 1014,
liquid chromatographs, distillation measurements, octane measurements, and other laboratory
measurements. System operational measurements also can be taken to correlate the system

operation to the adsorber measurements.

[0058] In addition, sensors may include transmitters and deviation alarms. These sensors

may be programmed to set off an alarm, which may be audible and/or visual.

[0059] Other sensors may transmit signals to a processor or a hub that collects the data
and sends to a processor. For example, temperature and pressure measurements may be sent
to a hub (e.g., data collection platform 1002). In one example, temperature sensors 1012 may
include thermocouples, fiber optic temperature measurement, thermal cameras 1020, and/or
infrared cameras. Skin thermocouples may be applied to tubes, plates, or placed directly on a
wall of an adsorber process unit. Alternatively, thermal (infrared) cameras 1020 may be used
to detect temperature (e.g., hot spots) in one or more aspects of the equipment, including
bundles (tubes). A shielded (insulated) tube skin thermocouple assembly may be used to
obtain accurate measurements. One example of a thermocouple may be a removable
XTRACTO Pad. A thermocouple can be replaced without any additional welding. Clips
and/or pads may be utilized for ease of replacement. Fiber Optic cable can be attached to a

unit, line, or vessel to provide a complete profile of temperatures.
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[0060] Furthermore, flow sensors 1030 may be used in flow paths such as the inlet to the
path, outlet from the path, or within the path. If multiple tubes are utilized, the flow sensors
1030 may be placed in corresponding positions in each of the tubes. In this manner, one can
determine if one of the tubes is behaving abnormally compared to other tubes. Flow may be
determined by pressure-drop across a known resistance, such as by using pressure taps.
Other types of flow sensors 1030 may include, but are not limited to, ultrasonic, turban meter,
hot wire anemometer, vane meter, Karman™, vortex sensor, membrane sensor (membrane
has a thin film temperature sensor printed on the upstream side, and one on the downstream
side), tracer, radiographic imaging (e.g., identify two-phase vs. single-phase region of
channels), an orifice plate in front of or integral to each tube or channel, pitot tube, thermal
conductivity flow meter, anemometer, internal pressure flow profile, and/or measure cross

tracer (measuring when the flow crosses one plate and when the flow crosses another plate).

[0061] Moisture level sensors may be used to monitor moisture levels at one or more
locations. For example, moisture levels at an outlet may be measured. Additionally, moisture
levels at an inlet or at a predetermined depth within the adsorber vessel may be measured. In
some embodiments, a moisture level at an inlet may be known (e.g., a feed is used that has a

known moisture level or moisture content).

[0062] A gas chromatograph 1014 on the feed to the adsorber vessels can be used to

speciate the various components to provide empirical data to be used in calculations.

[0063] Sensor data, process measurements, and/or calculations made using the sensor
data or process measurements may be used to monitor and/or improve the performance of the
equipment and parts making up the equipment, as discussed in further detail below. For
example, sensor data may be used to detect that a desirable or an undesirable chemical
reaction is taking place within a particular piece of equipment, and one or more actions may
be taken to encourage or inhibit the chemical reaction. Chemical sensors may be used to
detect the presence of one or more chemicals or components in the streams, such as corrosive
species, oxygen, hydrogen, and/or water (moisture). Chemical sensors may utilize gas
chromatographs 1014, liquid chromatographs, distillation measurements, and/or octane
measurements. In another example, equipment information, such as wear, efficiency,
production, state, or other condition information, may be gathered and determined based on

sensor data.
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[0064] Corrective action may be taken based on determining this equipment information.
For example, if the equipment is showing signs of wear or failure, corrective actions may be
taken, such as taking an inventory of parts to ensure replacement parts are available, ordering
replacement parts, and/or calling in repair personnel to the site. Certain parts of equipment
may be replaced immediately. Other parts may be safe to continue to use, but a monitoring
schedule may be adjusted. Alternatively or additionally, one or more inputs or controls
relating to a process may be adjusted as part of the corrective action. These and other details
about the equipment, sensors, processing of sensor data, and actions taken based on sensor

data are described in further detail below.

[0065] Monitoring the adsorbers and the processes using adsorbers includes collecting
data that can be correlated and used to predict behavior or problems in different adsorbers
used in the same plant or in other plants and/or processes. Data collected from the various
sensors (e.g., measurements such as flow, pressure drop, thermal performance, vessel skin
temperature at the top, expansion bellows leak, vibration) may be correlated with external
data, such as environmental or weather data. Process changes or operating conditions may be
able to be altered to preserve the equipment until the next scheduled maintenance period.
Fluids may be monitored for corrosive contaminants and pH may be monitored in order to
predict higher than normal corrosion rates within the adsorber equipment. At a high level,
sensor data collected (e.g., by the data collection platform) and data analysis (e.g., by the data
analysis platform 1004) may be used together, for example, for process simulation,
equipment simulation, and/or other tasks. For example, sensor data may be used for process
simulation and reconciliation of sensor data. The resulting, improved process simulation may
provide a stream of physical properties that are used to calculate heat flow, etc. These
calculations may lead to thermal and pressure drop performance prediction calculations for
specific equipment, and comparisons of equipment predictions to observations from the
operating data (e.g., predicted/expected outlet temperature and pressure vs. measured outlet
temperature and pressure). This causes identification of one or issues that may eventually

lead to a potential control changes and/or recommendations, etc.

Svstems Facilitating Sensor Data Collection

[0066] Sensor data may be collected by a data collection platform 1002. The sensors
may interface with the data collection platform 1002 via wired or wireless transmissions.
Sensor data (e.g., temperature data) may be collected continuously or at periodic intervals

(e.g., every second, every five seconds, every ten seconds, every minute, every five minutes,
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every ten minutes, every hour, every two hours, every five hours, every twelve hours, every
day, every other day, every week, every other week, every month, every other month, every
six months, every year, or another interval). Data may be collected at different locations at
different intervals. For example, data at a known hot spot may be collected at a first interval,
and data at a spot that is not a known hot spot may be collected at a second interval. The data
collection platform 1002 may continuously or periodically (e.g., every second, every minute,
every hour, every day, once a week, once a month) transmit collected sensor data to a data
analysis platform 1004, which may be nearby or remote from the data collection platform

1002.

[0067] The computing system environment of FIG. SA includes logical block diagrams of
numerous platforms and devices that are further elaborated upon in FIG. 5B, FIG. 5C, FIG.
5D, and FIG. SE. FIG. 5B is an illustrative data collection platform 1002. FIG. 5C is an
illustrative data analysis platform 1004. FIG. 5D is an illustrative control platform 1006.
FIG. SE is an illustrative remote device 1054. These platforms and devices of FIG. 5 include
one or more processing units (e.g., processors) to implement the methods and functions of
certain aspects of the present disclosure in accordance with the example embodiments. The
processors may include general-purpose microprocessors and/or special-purpose processors
designed for particular computing system environments or configurations. For example, the
processors may execute computer-executable instructions in the form of software and/or
firmware stored in the memory of the platform or device. Examples of computing systems,
environments, and/or configurations that may be suitable for use with the disclosed
embodiments include, but are not limited to, personal computers (PCs), server computers,
hand-held or laptop devices, smart phones, multiprocessor systems, microprocessor-based
systems, programmable consumer electronics, network PCs, minicomputers, mainframe
computers, distributed computing environments that include any of the above systems or

devices, and the like.

[0068] In addition, the platform and/or devices in FIG. 5 may include one or more
memories include any of a variety of computer-readable media. Computer-readable media
may be any available media that may be accessed by the data collection platform, may be
non-transitory, and may include volatile and nonvolatile, removable and non-removable
media implemented in any method or technology for storage of information such as
computer-readable instructions, object code, data structures, database records, program

modules, or other data. Examples of computer-readable media may include random access
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memory (RAM), read only memory (ROM), electronically erasable programmable read only
memory (EEPROM), flash memory or other memory technology, compact disk read-only
memory (CD-ROM), digital versatile disks (DVD) or other optical disk storage, magnetic
cassettes, magnetic tape, magnetic disk storage or other magnetic storage devices, or any
other medium that can be used to store the desired information and that can be accessed by
the data collection platform. The memories in the platform and/or devices may further store
modules that may comprise compiled software code that causes the platform, device, and/or
overall system to operate in a technologically improved manner as disclosed herein. For
example, the memories may store software used by a computing platform, such as operating

system, application programs, and/or associated database.

[0069] Furthermore, the platform and/or devices in FIG. 5 may include one or more
communication interfaces including, but not limited to, a microphone, keypad, touch screen,
and/or stylus through which a user of a computer (e.g., a remote device) may provide input,
and may also include a speaker for providing audio output and a video display device for
providing textual, audiovisual and/or graphical output. The communication interfaces may
include a network controller for electronically communicating (e.g., wirelessly or wired) over
a public network or private network with one or more other components on the network. The
network controller may include electronic hardware for communicating over network

protocols, including TCP/IP, UDP, Ethernet, and other protocols.

[0070] In some examples, one or more sensor devices in FIG. SA may be enhanced by
incorporating functionality that may otherwise be found in a data collection platform 1002.
These enhanced sensor system may provide further filtering of the measurements and
readings collected from their sensor devices. For example, with some of the enhanced sensor
systems in the operating environment illustrated in FIG. 5A, an increased amount of
processing may occur at the sensor so as to reduce the amount of data needing to be
transferred over a private network 1008 in real-time to a computing platform. The enhanced
sensor system may filter at the sensor itself the measured/collected/captured data and only
particular, filtered data may be transmitted to the data collection platform 1002 for storage

and/or analysis.

[0071] Referring to FIG. 5B, in one example, a data collection platform 1002 may
comprise a processor 1060, one or more memories 1062, and communication interfaces 1068.
The memory 1062 may comprise a database 1064 for storing data records of various values

collected from one or more sources. In addition, a data collection module 1066 may be

16



WO 2018/201041 PCT/US2018/029942

stored in the memory 1062 and assist the processor 1060 in the data collection platform 1002
in communicating with, via the communications interface 1068, one or more sensor,
measurement, and data capture systems, and processing the data received from these sources.
In some embodiments, the data collection module 1066 may comprise computer-executable
instructions that, when executed by the processor, cause the data collection platform 1002 to
perform one or more of the steps disclosed herein. In other embodiments, the data collection
module 1066 may be a hybrid of software-based and/or hardware-based instructions to
perform one or more of the steps disclosed herein. In some examples, the data collection
module 1066 may assist an enhanced sensor system with further filtering the measurements
and readings collected from the sensor devices. Although the elements of FIG. 5B are
illustrated as logical block diagrams, the disclosure is not so limited. In particular, one or
more of the logical boxes in FIG. 5B may be combined into a single logical box or the
functionality performed by a single logical box may be divided across multiple existing or
new logical boxes. Moreover, some logical boxes that are visually presented as being inside
of another logical box may be moved such that they are partially or completely residing
outside of that logical box. For example, while the database 1064 in FIG. 5B is illustrated as
being stored inside one or more memories 1062 in the data collection platform 1002, FIG. 5B
contemplates that the database 1064 may be stored in a standalone data store
communicatively coupled to the data collection module 1066 and processor 1060 of the data
collection platform 1002 via the communications interface 1068 of the data collection

platform 1002.

[0072] In addition, the data collection module 1066 may assist the processor 1060 in the
data collection platform 1002 in communicating with, via the communications interface
1068, and processing data received from other sources, such as data feeds from third-party
servers and manual entry at the field site from a dashboard graphical user interface (e.g.,
dashboard 1003). For example, a third-party server may provide contemporaneous weather
data to the data collection module 1066. Some elements of chemical and
petrochemical/refinery plants may be exposed to the outside and thus may be exposed to
various environmental stresses. Such stresses may be weather related such as temperature
extremes (hot and cold), high wind conditions, and precipitation conditions such as snow, ice,
and rain. Other environmental conditions may be pollution particulates such as dust and
pollen, or salt if located near an ocean, for example. Such stresses can affect the performance

and lifetime of equipment in the plants. Different locations may have different environmental
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stresses. For example, a refinery in Texas will have different stresses than a chemical plant in
Montana. In another example, data manually entered from a dashboard graphical user
interface (or other means) may be collected and saved into memory by the data collection
module 1066. Production rates may be entered and saved in memory. Tracking production
rates may indicate issues with flows. For example, as fouling occurs, the production rate may
fall if a specific outlet temperature can no longer be achieved at the targeted capacity and

capacity has to be reduced to maintain the targeted outlet temperature.

[0073] Referring to FIG. 5C, in one example, a data analysis platform 1004 may
comprise a processor 1070, one or more memories 1072, and communication interfaces 1082.
The memory 1072 may comprise a database 1074 for storing data records of various values
collected from one or more sources. Alternatively, the database 1074 may be the same
database as that depicted in FIG. 5B and the data analysis platform 1004 may
communicatively couple with the database via the communication interface 1082 of the data
analysis platform 1004. At least one advantage of sharing a database between the two
platforms is the reduced memory requirements due to not duplicating the same or similar
data. In addition, a data analysis module 1076 may be stored in the memory 1072 and assist
the processor 1070 in the data analysis platform 1004 in processing and analyzing the data
values stored in the database 1074. In some embodiments, the data analysis module 1076
may comprise computer-executable instructions that, when executed by the processor, cause
the data analysis platform 1004 to perform one or more of the steps disclosed herein. In other
embodiments, the data analysis module 1076 may be a hybrid of software-based and/or
hardware-based instructions to perform one or more of the steps disclosed herein. In some
embodiments, the data analysis module 1076 may perform statistical analysis, predictive
analytics, and/or machine learning on the data values in the database to generate predictions
and models. For example, the data analysis platform 1004 may analyze sensor data to detect
new hot spots and/or to monitor existing hot spots (e.g., to determine if an existing hot spot is
growing, maintaining the same size, or shrinking) in the equipment of a plant. The data
analysis platform 1004 may compare temperature data from different dates to determine if
changes are occurring. Such comparisons may be made on a monthly, weekly, daily, hourly,

real-time, or some other basis.

[0074] Referring to FIG. 5C, the recommendation module 1078 in the data analysis
platftorm 1004 may coordinate with the data analysis module 1076 to generate

recommendations for adjusting one or more parameters for the operation of the plant
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environment depicted in FIG. SA. In some embodiments, the recommendation module 1078
may communicate the recommendation to the command module, which generates command
codes that may be transmitted, via the communications interface 1082, to cause adjustments
or halting/starting of one or more operations in the plant environment. The command codes
may be transmitted to a control platform 1006 for processing and/or execution. In an
alternative embodiment, the command codes may be directly communicated, either wirelessly
or in a wired fashion, to physical components at the plant such that the physical components

comprise an interface to receive the commands and execute on them.

[0075] In addition, the data analysis platform 1004 may communicate with, via the
communications interface 1082, and process data received from other sources, such as data
feeds from third-party servers and manual entry from a dashboard graphical user interface

(e.g., dashboard 1005).

[0076] Although the elements of FIG. 5C are illustrated as logical block diagrams, the
disclosure is not so limited. In particular, one or more of the logical boxes in FIG. 5C may be
combined into a single logical box or the functionality performed by a single logical box may
be divided across multiple existing or new logical boxes. Moreover, some logical boxes that
are visually presented as being inside of another logical box may be moved such that they are
partially or completely residing outside of that logical box. For example, while the database
1074 is visually depicted in FIG. 5C as being stored inside one or more memories in the data
analysis platform 1004, FIG. 5C contemplates that the database may be stored in a standalone
data store communicatively coupled to the data analysis module 1076 and processor 1070 of
the data analysis platform 1004 via the communications interface 1082 of the data analysis
platform 1004. Furthermore, the databases from multiple plant locations may be shared and
holistically analyzed to identify one or more trends and/or patterns in the operation and
behavior of the plant and/or plant equipment. In such a crowdsourcing-type example, a
distributed database arrangement may be provided where a logical database may simply serve
as an interface through which multiple, separate databases may be accessed. As such, a
computer with predictive analytic capabilities may access the logical database to analyze,
recommend, and/or predict the behavior of one or more aspects of plants and/or equipment.
In another example, the data values from a database from each plant may be combined and/or
collated into a single database where predictive analytic engines may perform calculations

and prediction models.
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[0077] Referring to FIG. 5D, in one example, a control platform 1006 may comprise a
processor 1084, one or more memories 1086, and communication interfaces 1092. The
memory 1086 may comprise a database 1088 for storing data records of various values
transmitted from a user interface, computing device, or other platform. The values may
comprise parameter values for particular equipment at the plant. For example, some
illustrative equipment at the plant that may be configured and/or controlled by the control
platform 1006 may include, but is not limited to, a feed switcher 1042, sprayer 1052, one or
more valves 1044, one or more pumps 1040, one or more gates 1048, and/or one or more
drains 1050. In addition, a control module 1090 may be stored in the memory 1086 and
assist the processor 1084 in the control platform 1006 in receiving, storing, and transmitting
the data values stored in the database 1088. In some embodiments, the control module 1090
may comprise computer-executable instructions that, when executed by the processor, cause
the control platform 1006 to perform one or more of the steps disclosed herein. In other
embodiments, the control module 1090 may be a hybrid of software-based and/or hardware-

based instructions to perform one or more of the steps disclosed herein.

[0078] In addition, the control platform 1006 may communicate with, via the
communications interface 1092, and process data received from other sources, such as

manual entry from a dashboard graphical user interface (e.g., dashboard 1007).

[0079] In a plant environment such as illustrated in FIG. SA, if sensor data is outside of a
safe range, this may be cause for immediate danger. As such, there may be a real-time
component to the system such that the system processes and responds in a timely manner.
Although in some embodiments, data could be collected and leisurely analyzed over a
lengthy period of months, numerous embodiments contemplate a real-time or near real-time
responsiveness in analyzing and generating alerts, such as those generated or received by the

alert module 1096 in FIG. 5E.

[0080] Referring to FIG. SE, in one example, a remote device 1054 may comprise a
processor 1093, one or more memories 1094, and communication interfaces 1099. The
memory 1094 may comprise a database 1095 for storing data records of various values
entered by a user or received through the communications interface 1099. In addition, an
alert module 1096, command module 1097, and/or dashboard module 1098 may be stored in
the memory 1094 and assist the processor 1093 in the remote device 1054 in processing and
analyzing the data values stored in the database. In some embodiments, the aforementioned

modules may comprise computer-executable instructions that, when executed by the
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processor 1093, cause the remote device 1054 to perform one or more of the steps disclosed
herein. In other embodiments, the aforementioned modules may be a hybrid of software-
based and/or hardware-based instructions to perform one or more of the steps disclosed
herein. In some embodiments, the aforementioned modules may generate alerts based on
values received through the communications interface. The values may indicate a dangerous
condition or even merely a warning condition due to odd sensor readings. The command
module 1080 in the remote device 1054 may generate a command that when transmitted
through the communications interface 1099 to the platforms at the plant, causes adjusting of
one or more parameter operations of the plant environment depicted in FIG. SA. In some
embodiments, the dashboard module 1098 may display a graphical user interface to a user of
the remote device to enable the user to enter desired parameters and/or commands. These
parameters/commands may be transmitted to the command module 1080 to generate the
appropriate resulting command codes that may be then transmitted, via the communications
interface, to cause adjustments or halting/starting of one or more operations in the plant
environment. The command codes may be transmitted to a control platform for processing
and/or execution. In an alternative embodiment, the command codes may be directly
communicated, either wirelessly or in a wired fashion, to physical components at the plant
such that the physical components comprise an interface to receive the commands and

execute them.

[0081] Although FIG. 5E is not so limited, in some embodiments the remote device 1054
may comprise a desktop computer, a smartphone, a wireless device, a tablet computer, a
laptop computer, and/or the like. The remote device 1054 may be physically located locally
or remotely, and may be connected by one of communications links to the public network
1010 that is linked via a communications link to the private network 1008. The network used
to connect the remote device 1054 may be any suitable computer network including the
Internet, an intranet, a wide-area network (WAN), a local-area network (LAN), a wireless
network, a digital subscriber line (DSL) network, a frame relay network, an asynchronous
transfer mode (ATM) network, a virtual private network (VPN), or any combination of any of
the same. Communications links may be any communications links suitable for
communicating between workstations and server, such as network links, dial-up links,
wireless links, hard-wired links, as well as network types developed in the future, and the
like. Various protocols such as transmission control protocol / Internet Protocol (TCP/IP),

Ethernet, file transfer protocol (FTP), hypertext transfer protocol (HTTP) and the like may be

21



WO 2018/201041 PCT/US2018/029942

used, and the system can be operated in a client-server configuration to permit a user to
retrieve web pages from a web-based server. Any of various conventional web browsers can

be used to display and manipulate data on web pages.

[0082] Although the elements of FIG. SE are illustrated as logical block diagrams, the
disclosure is not so limited. In particular, one or more of the logical boxes in FIG. SE may be
combined into a single logical box or the functionality performed by a single logical box may
be divided across multiple existing or new logical boxes. Moreover, some logical boxes that
are visually presented as being inside of another logical box may be moved such that they are
partially or completely residing outside of that logical box. For example, while the database
1095 is visually depicted in FIG. SE as being stored inside one or more memories in the
remote device, FIG. SE contemplates that the database may be stored in a standalone data
store communicatively coupled, via the communications interface, to the modules stored at

the remote device and processor of the remote device.

[0083] Referring to FIG. 5, in some examples, the performance of operation in a plant
may be improved by using a cloud computing infrastructure and associated methods, as
described in US Patent Application Publication No. US2016/0260041, which was published
September 8, 2016, and which is herein incorporated by reference in its entirety. The methods
may include, in some examples, obtaining plant operation information from the plant and/or
generating a plant process model using the plant operation information. The method may
include receiving plant operation information over the Internet, or other computer network
(including those described herein) and automatically generating a plant process model using
the plant operation information. These plant process models may be configured and used to
monitor, predict, and/or optimize performance of individual process units, operating blocks
and/or complete processing systems. Routine and frequent analysis of predicted versus actual
performance may further allow early identification of operational discrepancies which may

be acted upon to optimize impact, including financial or other impact.

[0084] The aforementioned cloud computing infrastructure may use a data collection
platform 1002 associated with a plant to capture data, e.g., sensor measurements, which may
be automatically sent to the cloud infrastructure, which may be remotely located, where it
may be reviewed to, for example, eliminate errors and biases, and used to calculate and report
performance results. The data collection platform 1002 may include an optimization unit that
acquires data from a customer site, other site, and/or plant (e.g., sensors and other data

collectors at a plant) on a recurring basis. For cleansing, the data may be analyzed for
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completeness and corrected for gross errors by the optimization unit. The data may also be
corrected for measurement issues (e.g., an accuracy problem for establishing a simulation
steady state) and overall mass balance closure to generate a duplicate set of reconciled plant
data. The corrected data may be used as an input to a simulation process, in which the
process model is tuned to ensure that the simulation process matches the reconciled plant
data. An output of the reconciled plant data may be used to generate predicted data using a

collection of virtual process model objects as a unit of process design.

[0085] The performance of the plant and/or individual process units of the plant may
be compared to the performance predicted by one or more process models to identify any
operating differences or gaps. Furthermore, the process models and collected data (e.g., plant
operation information) may be used to run optimization routines that converge on an optimal
plant operation for a given values of, e.g., feed, products, and/or prices. A routine may be
understood to refer to a sequence of computer programs or instructions for performing a

particular task.

[0086] The data analysis platform 1004 may comprise an analysis unit that
determines operating status, based on at least one of a kinetic model, a parametric model, an
analytical tool, and a related knowledge and best practice standard. The analysis unit may
receive historical and/or current performance data from one or a plurality of plants to
proactively predict future actions to be performed. To predict various limits of a particular
process and stay within the acceptable range of limits, the analysis unit may determine target
operational parameters of a final product based on actual current and/or historical operational
parameters. This evaluation by the analysis unit may be used to proactively predict future
actions to be performed. In another example, the analysis unit may establish a boundary or
threshold of an operating parameter of the plant based on at least one of an existing limit and
an operation condition. In yet another example, the analysis unit may establish a relationship
between at least two operational parameters related to a specific process for the operation of
the plant. Finally in yet another example, one or more of the aforementioned examples may

be performed with or without a combination of the other examples.

[0087] The plant process model may predict plant performance that is expected based
upon plant operation information. The plant process model results can be used to monitor the
health of the plant and to determine whether any upset or poor measurement occurred. The
plant process model may be generated by an iterative process that models at various plant

constraints to determine the desired plant process model.
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[0088] Using a web-based system for implementing the method of this disclosure
provides many benefits, such as improved plant economic performance due to an increased
ability by plant operators to identify and capture economic opportunities, a sustained ability
to bridge plant performance gaps, and an increased ability to leverage personnel expertise and
improve training and development. Some of the methods disclosed herein allow for
automated daily evaluation of process performance, thereby increasing the frequency of

performance review with less time and effort required from plant operations staff.

[0089] Further, the analytics unit may be partially or fully automated. In one or more
embodiments, the system may be performed by a computer system, such as a third-party
computer system, remote from the plant and/or the plant planning center. The system may
receive signals and parameters via the communication network, and displays in real time
related performance information on an interactive display device accessible to an operator or
user. The web-based platform allows all users to work with the same information, thereby
creating a collaborative environment for sharing best practices or for troubleshooting. The
method further provides more accurate prediction and optimization results due to fully
configured models. Routine automated evaluation of plant planning and operation models
allows timely plant model tuning to reduce or eliminate gaps between plant models and the
actual plant performance. Implementing the aforementioned methods using the web-based
platform also allows for monitoring and updating multiple sites, thereby better enabling

facility planners to propose realistic optimal targets.

[0090] FIGS. 6A-6B depict illustrative system flow diagrams in accordance with one or
more embodiments described herein. As shown in FIG. 6A, in step 201, data collection
platform may collect sensor data. In step 202, data collection platform may transmit sensor
data to data analysis platform. In step 203, data analysis platform may analyze data. In step
204, data analysis platform may send an alert to remote device 1 and/or remote device 2. In
one or more embodiments, the alert may include information provided via a dashboard, such

as the dashboard illustrated in FIG. 7.

[0091] As shown in FIG. 6B, in step 205, data analysis platform may receive a command
from remote device 1 and/or remote device 2. In some embodiments, the control platform
may receive the command from remote device 1 and/or remote device 2. In one or more
embodiments, receiving the command may include receiving the command via a dashboard,
such as the dashboard illustrated in FIG. 7. In step 206, data analysis platform may send a

command to control platform. In some embodiments, the command may be similar to the
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command received from remote device 1 and/or remote device 2. In some embodiments, data
analysis platform may perform additional analysis based on the received command from
remote device 1 and/or remote device 2 before sending a command to control platform. In
step 207, control platform may adjust an operating parameter. The adjusting the operating
parameter may be based on the command received from data analysis platform, remote
device 1, and/or remote device 2. The adjusting the operating parameter may be related to
one or more pieces of equipment (e.g., adsorber) associated with sensors that collected the

sensor data in step 201. For example, a flow rate may be increased or decreased, a valve may

be opened or closed, a process may be started, stopped, extended, or shortened, or the like.

Detecting and Addressing Problems with Adsorbers

[0092] Aspects of the present disclosure are directed to monitoring adsorption processes
for potential and existing issues, providing alerts, and/or adjusting operating conditions to

optimize adsorbent life.

[0093] There are many process limitations that may be monitored including, but not
limited to, maximum throughput, maximum feed temperature, maximum feed pressure,
maximum regeneration flow rate, maximum regeneration heater temperature, and maximum
regeneration flow rate. Process performance indicators may include, but are not limited to,
unit capacity (throughput ratio versus name plate capacity / target throughput); unit product
(product gas quality versus specification target); unit utilization (ratio of actual water load
versus theoretical load capable to be removed for given adsorbent service life at prevailing
conditions); unit regeneration efficiency (actual regeneration gas consumption versus
theoretically calculated for given adsorbent duty, maximum achieved bed heating outlet
temperature); differential pressure across adsorbent unit (ratio of actual DP normalized versus
fresh adsorbent bed DP for design throughput during adsorption and regeneration step),
temperature limits (actual versus maximum recommended feed gas temperature; actual versus
minimum recommended regeneration gas heating temperature) adsorption cycle step times
(actual cycle length versus DCS timer settings); pressure changes and valve switching step
times (duration & rate of pressure changes or sequence valves switching); adsorbent life
curve data (historical adsorption cycle times per cycle since unit start-up normalized for
design throughput); knock out drum drain valve "open-time"; cycle phase timers;

accumulated water per bed per cycle; regeneration temperature profiles; and the like.
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[0094] In one example, a system may monitor an amount of water being adsorbed in an
adsorbent bed and determine when the adsorber needs to be taken offline and the adsorber

regenerated.

[0095] In some embodiments, based on one or more operating conditions and/or
performance characteristics, a system may automatically adjust one or more operating
characteristics of an adsorber system to optimize system performance. In one example, the
system may adjust cycle times. In another example, the system may increase capacity, reduce
an amount of feed, increase the amount of feed, or the like. Adjusting the operating

characteristics may be performed in an iterative fashion.

[0096] In some embodiments, a system may determine operating characteristics. The
system may determine system performance characteristics. The system may determine
optimal operating characteristics (e.g., optimal cycle times). The system may determine
whether there is a difference between last-cycle operating performance and the optimal
operating performance. If there is a difference, the system may adjust one or more operating
characteristics to decrease the difference between the actual operating performance in the
next cycle and the optimal operating performance. After the next cycle, the system may
determine whether there is a difference between the actual operating performance and the
optimal performance, and if so, again adjust operating characteristics for the next cycle to
again decrease the difference. By iteratively reviewing recent performance and adjusting
characteristics in anticipation of a next cycle, the system may thereby optimize the operating
performance for an adsorber process unit. This may result in improved performance, e.g.,

extend adsorbent life.

Processing Sensor Data

[0097] One or more calculations may be performed for an adsorbent remote monitoring
service. These calculations may assist in alerting and helping diagnose the status of adsorbent

used for dehydration in natural gas processing units.

[0098] The data analysis platform (e.g., data analysis platform 1004) may receive (e.g.,
from one or more sensors) one or more operational parameters, which may be used alone or
in combination for determining the status of the adsorbent. As an example, illustrative
operational parameters may include one or more of adsorbent bed inlet temperature,
adsorbent bed outlet temperature, adsorbent bed pressure, adsorbent bed pressure drop,

adsorbent bed feed gas flow, adsorbent bed outlet moisture analyzer, main inlet header total
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feed gas flow, main inlet header temperature, main inlet header pressure, main inlet header
moisture content, adsorbent bed common outlet header moisture content, adsorbent
regeneration heating gas flow, adsorbent regeneration heating gas temperature, adsorbent
regeneration cooling gas flow, adsorbent regeneration cooling gas temperature, adsorbent
regeneration heating gas flow, inlet gas valve positions, outlet gas valve positions,
regeneration gas valve positions, bed status (e.g., adsorption, heating, cooling, standby), spent
regeneration knock-out drum valve position (e.g., water discharge), cold box pressure drop
(e.g., plate and frame heat exchanger), deethanizer pressure drop, heat exchangers pressure
drop (e.g., downstream of adsorbent beds), adsorbent bed outlet filter delta pressure, number
of cycles, actual adsorption time, actual heating regen time, actual cooling regen time, actual

standby time, and/or actual pressurization/depressurization.

[0099] The data analysis platform may use one or more design parameters, alone or in
combination, for determining the status of the adsorbent. As an example, illustrative design
parameters may include number of beds total, number of beds in standby, adsorbent start of
life date (fresh load), expected adsorbent life, adsorbent bed diameter, weight of adsorbent
loaded, adsorbent type (e.g., UI-94, UI-900), adsorbent particle size, flow direction during
adsorption, flow direction during heating, flow direction during cooling, average residual
loading (Xr), maximum allowable working pressure (MAWP), adsorbent bed fresh capacity,
adsorbent bed end of life capacity, moisture breakthrough limit, adsorbent bed high pressure
drop limit, cold box (e.g., plate and frame heat exchanger) high pressure drop limit, heat
exchanger high pressure drop limit, adsorbent bed outlet filter high pressure drop limit,
deethanizer high pressure drop limit, feed gas molecular weight, feed gas viscosity, feed gas

water saturation percentage, and/or regeneration gas molecular weight.

[0100] In some instances, the timestamp of a calculated attribute may match the
timestamp of the raw data used for the calculation. In some instances, a calculated attribute
may use one or more results of one or more other calculated attributes; therefore, the order in

which the attributes are calculated may be relevant.

[0101] In some embodiments, raw values may be checked for bad values. If bad values
are detected, the data analysis platform may either skip calculation or replace the bad value
with NULL, as appropriate for subsequent calculations. For averages, a provision may be

made to skip bad/null values and/or timestamps.
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[0102] Some units of measurement for variables may be specified. Some variables may

be dimensionless, and therefore might not have a defined unit of measurement.
Dashboard

[0103] FIG. 7 depicts an illustrative dashboard that may include information about the
operation of an adsorber in accordance with one or more aspects described herein. The
dashboard may include or be a part of one or more graphical user interfaces of one or more
applications that may provide information received from one or more sensors or determined
based on analyzing information received from one or more sensors, according to one or more
embodiments described herein. The dashboard may be displayed as part of a smartphone
application (e.g., running on a remote device, such as remote device 1 or remote device 2), a
desktop application, a web application (e.g., that runs in a web browser), a web site, an

application running on a plant computer, or the like.

[0104] The dashboard may include one or more visual representations of data (e.g., chart,
graph) that shows information about a plant, a particular piece of equipment in a plant, or a
process performed by a plant or a particular piece or combination of equipment in the plant.
For example, a graph may show information about an operating condition, an efficiency, a
production level, or the like. The dashboard may include a description of the equipment, the

combination of equipment, or the plant to which the visual display of information pertains.

[0105] The dashboard may display the information for a particular time or period of time
(e.g., the last five minutes, the last ten minutes, the last hour, the last two hours, the last 12
hours, the last 24 hours, multiple days, multiple months). The dashboard may be adjustable to

show different ranges of time, automatically or based on user input.

[0106] The dashboard may include a contact name and/or contact information (e.g.,
telephone number, pager number, email address, text message number, social media account
name) for a sales representative. Then, for example, if a dashboard user needs assistance
(e.g., purchasing more adsorbents, finding out more information about purchased products),

the dashboard user may easily contact the sales representative.

[0107] The dashboard may include a contact name and/or contact information for
technical support. Then, for example, if the dashboard user using the dashboard needs
assistance (e.g., interpreting dashboard data, adjusting a product level, adjusting an
equipment setting, adjusting an operating characteristic), the dashboard user may easily

contact technical support.

28



WO 2018/201041 PCT/US2018/029942

[0108] The dashboard may display a time and/or date range of the time and/or date range
for which data is being displayed.

[0109] The dashboard may include one or more tabs. The tabs may be associated with
dashboard screens, pop-up windows, or overlays. For example, the one or more tabs may
include one or more of system overview, adsorption capacity, regen flow, regen time, outlet

moisture, adsorber DP, filter DP, or the like.

[0110] The dashboard may include, on one or more graphs, a line indicating an optimum
operating level (e.g., a green line). Specifically, the line may indicate, based on one or more
calculations, an optimum level at which a particular adsorber process unit should be operated
(e.g., relative to a particular operating characteristic) to achieve an optimization goal. The
optimum operating level may be dynamic, based on a re-calculation of an optimum operating
level using one or more operational and/or design characteristics. In an example, the
optimization goal may be to optimize a life of the adsorber process unit, a life of the adsorber,
a life of another chemical, or the like. In a specific example, on a graph of adsorption
capacity, the line indicating optimum operating level may indicate an optimum amount of
water adsorbed by a particular adsorber process unit in a unit of time (e.g., a cycle, a day). In
another example, the line indicating the optimum operating level may indicate an optimum
amount of time that a particular adsorber process unit should be operated in regeneration
mode (e.g., an amount of time that achieves full regeneration but does not spend more time

than necessary).

[0111] The dashboard may include, on one or more graphs, a line indicating a design
level (e.g., an orange line). Specifically, the line may indicate the level at which the
equipment was designed to operate, e.g., for a particular cycle. The design line may be static.
The design line may be provided by, e.g., an entity associated with a design of the equipment,
the plant, or the like. In an example, on a graph of adsorption capacity, the design level may
indicate an amount of adsorption capacity (e.g., water adsorption) that a process unit is
designed to have when operating for an amount of time (e.g., a day). In another example, on a
graph of water load, the design level may indicate an amount of water load that the system is
designed to have capacity for at a particular time. In a further example, on a graph of regen
time, the design level may indicate a number of hours that a process unit is designed to be

operated in regeneration mode.
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[0112] The dashboard may include, on one or more graphs, a line, bar, or other indicator
of an actual operating result. The actual operating result may be related to a time and/or date
range (e.g., the displayed time and/or date range). The actual operating result may be related
to a particular adsorber process unit (e.g., dark blue for a first adsorber process unit, medium
blue for a second adsorber process unit, light blue for a third adsorber process unit). The
actual operating result may be dynamic. In an example, on a graph of adsorption capacity, an
actual operating result may be an amount of adsorption achieved by a particular adsorber
process unit in a particular time (e.g., an amount of water adsorbed in a cycle, in a day). In
another example, on a graph of water load, an actual operating result may be an amount of
water load that an adsorber system is under at a given point in time. In another example, on a
graph of regen time, an actual operating result may be an amount of time that a particular

adsorber process unit is operated in regeneration mode.

[0113] Adsorbent may be designed to be used for a particular period of time (e.g., 60
hours per cycle). By optimizing each cycle (e.g., lengthening the cycle when possible,
shortening the cycle when necessary) the adsorbent may be used for an increased overall
number of production hours over the life of the adsorbent. For example, instead of using the
adsorbent for the designed-for amount of cycle time (e.g., 60 hours), if the adsorbent is
actually capable of adsorbing for a longer period of time (e.g., 65 hours, 70 hours, 80 hours,
90 hours), and the adsorbent is used for the longer period of time (e.g., until the adsorbent is
no longer capable of adsorbing in a particular cycle), the adsorbent may be used for increased
production over the adsorbent’s life. By optimizing the adsorbent usage in each cycle, the
overall life of the adsorbent may be extended (e.g., adsorbent may be used for four years
before needing to be replaced instead of three years). This may lead to increased production

and lower production costs.

[0114] The dashboard may include a graph that shows adsorption capacity (e.g.,
adsorption capacity graph 704). The adsorption capacity may indicate, for example, start of
run, end of run, how long the system was running, how much water the adsorbent can adsorb,
how much water has the adsorbent adsorbed for the different vessels, and/or additional
information. Each different vessel (e.g., adsorber process unit) may be correlated with a
different color (e.g., dark blue, medium blue, light blue). The adsorption capacity graph may
show one or more of an optimal amount of water adsorbed (e.g., green line), an amount of
water actually adsorbed by a particular adsorption bed (e.g., blue bar), and/or an amount of

water that a particular adsorption bed was designed to adsorb (e.g., orange line). In some
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instances, if the actual water adsorbed (e.g., blue bar) is higher than the optimal amount (e.g,

green line), the adsorption unit may experience breakthrough.

[0115] In some embodiments, the dashboard may include a display of outlet moisture.
Outlet moisture may be measured from an adsorbent bed. In some embodiments, outlet
moisture may be very low. Outlet moisture may be used for, e.g., end-of-life determinations
for adsorbent, for breakthrough determinations and/or predictions, and the like. In some
instances, if no capacity is left on adbsorbent, the adsorbent may need to be replaced. In some
instances, adsorbent that is at or near an end-of-life may be used in a process at a lower flow

rate (e.g., 25% flow, 50% flow, 75% flow). This may, however, be inefficient.

[0116] The dashboard may include a graph that shows water load (e.g., water load graph
706). Water load may provide feedback on the water content of the feed compared with the
water load that the system was designed for. If the water content drops below the level that
the system was designed for, there may be an opportunity to optimize cycle time (e.g., extend
cycle time). For example, the cycle time may be extended, since the system is running below
capacity. In some embodiments, as depicted in FIG. 7, the water load may include a design
line (e.g., showing a design basis water content) and/or a current water content line (e.g.,
showing current water content). Water content may be displayed in pounds per hour. The
water load may show a realistic real-time amount of water being processed by the system. In
some embodiments, the goal may be to remove all water from natural gas being processed by

the system.

[0117] In some embodiments, the dashboard may include a regeneration time graph (e.g.,
regeneration time graph 708). A regeneration process may be used to regenerate the adsorber.
An adsorber may need to be regenerated for a particular amount of time (e.g., two hours,
three hours, four hours, five hours, six hours, nine hours, ten hours). The regeneration process
may include cycling one or more gases through the adsorber. The gases may be a high
temperature (e.g., 500 degrees F). The regeneration process may be expensive, e.g., because
of the cost of the gas, the cost of utilities to compensate for heat added to the system at the
plant, the cost of downtime (adsorption cannot be performed while regeneration is being
performed), and the like. In some embodiments, regeneration degrades and/or damages the
adsorbent. Therefore, over time, adsorbent that has been regenerated for a particular number
of hours may need to be replaced. Therefore, the system may determine, based on one or

more operation and/or design characteristics, how to minimize the amount of regeneration
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time and/or how to extend the cycle time, which may extend the amount of time between

regeneration cycles.

[0118] The regeneration time graph may include design basis time (e.g., orange line),
which may be a number of hours needed for regeneration, according to a design of the
system. The regeneration time graph may include an amount of time actually spent
performing regeneration (e.g., blue bar). The regeneration time graph may include an
indication of an optimal amount of time that should be spent performing regeneration, which
may be dynamically determined using one or more operating and/or design characteristics.
The time spent performing regeneration that is above the time needed for regeneration (e.g.,
design time, optimal time) may represent an optimization that may be performed and/or
achieved. Specifically, by reducing the amount of time spent performing regeneration (e.g.,
blue bar) beyond the time needed for regeneration (e.g., time above the orange line and/or
above the green line), the adsorber(s) may be fully regenerated without spending excess
utilities for excess and unneeded regeneration. Furthermore, excess regeneration may, in
some embodiments, cause additional damage to adsorber units, and therefore reducing

unnecessary regeneration time may extend a life of an adsorber unit.

[0119] The dashboard may include one or more charts (e.g., optimal cycle chart 710, last
cycle chart 712, design cycle chart 714) showing breakdowns of the different phases of a
particular cycle for one or more adsorber process units. The dashboard may include, for
example, one or more charts showing optimal cycle (e.g., optimal cycle chart 710), last cycle
(e.g., last cycle chart 712), design cycle (e.g., design cycle chart 714). The charts may include

one or more of adsorption time, heating time, cooling time, and/or standby time.

[0120] An optimal cycle chart (e.g., optimal cycle chart 710) may show a breakdown of
an optimal adsorption cycle. This breakdown may be dynamically determined and/or updated
based on one or more operating and/or design characteristics. In some aspects, the optimal
cycle may show an optimal amount of adsorption time, heating time, cooling time, and
standby time that should be attempted in order to maximize the life of adsorbent in a
particular adsorber process unit. Even if the optimal cycle times are not achieved, by
adjusting one or more process variables to operate a particular adsorption process unit closer
to the optimal cycle times, an operator and/or a control computing platform may achieve

extended adsorbent life.
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[0121] A design cycle chart (e.g., design cycle chart 714) may show a breakdown of a
design adsorption cycle. Specifically, the design cycle chart may show a breakdown of the
times that a particular adsorption process unit was designed to be performing adsorption,
heating, cooling, and in standby, in a particular cycle. The design cycle chart may be static

over multiple cycles for a particular adsorber process unit.

[0122] A last cycle chart (e.g., last cycle chart 772) may show a breakdown of a most-
recent adsorption cycle. This breakdown may be dynamically determined and/or updated
based on a most recent cycle of a particular adsorber process unit. The last cycle chart may
show a breakdown of a last cycle for a particular adsorber process unit, the breakdown
showing adsorption time, heating time, and/or cooling time that the unit was operated. This
information may be displayed concurrently and/or adjacent to an optimal cycle and/or a
design cycle, which may allow an operator to easily compare the last cycle for an adsorber
process unit to the optimal cycle and/or design cycle for that particular adsorber process unit.
In some embodiments, the dashboard may include a chart, text, graph, or other visualization
of a difference between the last cycle and the optimal cycle and/or the design cycle.
Alternatively or additionally, the dashboard may include one or more recommendations for
changes to make to one or more operating characteristics, based on comparing the last cycle
and the optimal cycle and/or the design cycle, so that the next cycle for one or more adsorber
process units has a smaller difference from the optimal cycle and/or the design cycle than the

difference between the last cycle and the optimal cycle and/or the design cycle.

[0123] The dashboard may therefore allow an operator to confirm whether one or more
adsorber process units are operating within healthy operating times. This may give the
operator additional confidence and/or information about how to adjust one or more operating
characteristics for the adsorber process unit to optimize adsorbent life while minimizing risk

to the process outcomes.

[0124] The dashboard may include an adsorber differential pressure (DP) chart (e.g.,
adsorber DP chart 716). DP may be an overall health indicator for adsorbent. In some
embodiments, rate of change of DP may be a stronger indicator of adsorbent health than
actual value of DP. The adsorber DP chart may include a line (e.g., green line) that shows an
ideal adsorber DP. The adsorber DP chart may include one or more bars that show actual

adsorber DP, e.g., each bar corresponding to a particular adsorber process unit.
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[0125] The dashboard may include an indication of an expected date that the adsorbent
will need to be changed. The indication may include a dynamic forecasted change-out date,
which may be dynamically calculated based on one or more operating characteristics. The
actual results of the adsorbent performance may be used in these calculations. The forecasted
change-out date may be displayed with a visual indicator of a life phase or status of the
adsorbent. For example, if the adsorbent is healthy, the visual indicator may be green. In
another example, if the adsorbent is starting to have decreased performance, the visual
indicator may be yellow, which may indicate that an operator might consider observing
adsorbent performance. In another example, if adsorbent replacement is imminent, the visual

indicator may be red.

[0126] The indication may alternatively or additionally include a static design change-out
date, which may be calculated at or near a beginning of an adsorbent life, and may be based
on a prediction of a life length of that adsorbent. By showing the design change-out date and
the forecasted change-out date, a dashboard user may see how the adsorbent is performing

relative to how the adsorbent was forecasted to perform.

[0127] The dashboard may include one or more charts showing savings, e.g., based on
optimizing adsorbent operating characteristics (e.g., extending cycle times on a cycle-by-
cycle basis, based on actual performance). For example, a savings chart (e.g., current savings
chart 718) may show current savings based on a cost of an amount of regeneration fuel saved
by performing regeneration for only a required amount of time, rather than a different amount
of time that is longer than the required amount of time (e.g., the savings number may be
based on a mean or most-recent amount of regeneration time, which may be an amount of

time that regeneration was previously performed for a same adsorber process unit).

[0128] In another example, a savings chart (e.g., accumulated savings chart 720) may
show an accumulated amount of savings, which may be a dynamically increasing total
number of dollars that the operator saved by optimizing adsorbent operating characteristics

(e.g., extending cycle times on a cycle-by-cycle basis, based on actual performance).

[0129] The dashboard may include an indication of whether a particular adsorber unit
experienced moisture breakthrough, and/or operating conditions that led to the moisture
breakthrough. For example, the dashboard may include an indication of whether there was

moisture breakthrough in a last threshold amount (e.g., 10%) of an adsorbent cycle.
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[0130] The dashboard may include one or more buttons that allow a user to take one or
more actions. For example, the dashboard may include a button (e.g., an “Actions” button)
that, when pressed, shows one or more actions available to the user. The dashboard may
include a button (e.g., a “Change View” button) that, when pressed, changes one or more
views of one or more elements of the dashboard. The dashboard may include a button (e.g., a
“Settings” button) that, when pressed, shows one or more settings of the application of which
the dashboard is a part. The dashboard may include a button (e.g., a “Refresh Data” button)
that, when pressed, refreshes data displayed by the dashboard. In some aspects, data
displayed by the dashboard may be refreshed in real time, according to a preset schedule
(e.g., every five seconds, every ten seconds, every minute), and/or in response to a refresh
request received from a user. The dashboard may include a button (e.g., a “Send Data”
button) that, when pressed, allows a user to send data to one or more other devices. For
example, the user may be able to send data via email, SMS, text message, iMessage, FTP,
cloud sharing, AirDrop, or some other method. The user may be able to select one or more
pieces of data, graphics, charts, graphs, elements of the display, or the like to share or send.
The dashboard may include a button (e.g., an “Analyze Data” button) that, when pressed,
causes one or more data analysis functions to be performed. In some aspects, the user may
provide additional input about the desired data analysis, such as desired input, desired output,
desired granularity, desired time to complete the data analysis, desired time of input data, or

the like.

[0131] The data collected by this system may provide a historical information of events,
operations, and/or data. This information can be modelled to predict and/or anticipate future
issues. This can be used to call for proactive maintenance actions and/or make corrective

actions to the operation of the process unit to have an uninterrupted service.
Alerts

[0132] In some embodiments, a graphical user interface of an application may be used for
providing alerts and/or receiving or generating commands for taking corrective action related
to adsorber process units, in accordance with one or more embodiments described herein. The
graphical user interface may include an alert with information about a current state of a piece
of equipment (e.g., an adsorber), a problem being experienced by a piece of equipment (e.g.,
an adsorber), a problem with a plant, or the like. For example, the graphical user interface
may include an alert that an adsorber is experiencing a particular issue, an adsorber is

operating at a particular level, a particular problem has been detected, or another alert.
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[0133] The graphical user interface may include one or more buttons that, when pressed,
cause one or more actions to be taken. For example, the graphical user interface may include
a button that, when pressed, causes an operating characteristic (e.g., of an adsorber process
unit, of a valve, of a plant, or the like) to change. In another example, the graphical user
interface may include a button that, when pressed, sends an alert to a contact, the alert
including information similar to the information included in the alert provided via the
graphical user interface. For example, an alert may be sent to one or more devices, and one or
more users of those devices may cause those devices to send alerts, further information,
and/or instructions to one or more other devices. In a further example, the graphical user
interface may include a button that, when pressed, shows one or more other actions that may

be taken (e.g., additional corrective actions, adjustments to operating conditions).

[0134] Several levels of alerts may be utilized. One level of alerts may be for alerts that
require emergency action (e.g., Level 1). Another level of alerts may be for alerts that require
action, but not immediate action (e.g., Level 2). Another level of alerts may be for alerts that
are not related to the adsorber unit (e.g., Level 3). A number of illustrative alerts are
described below. These alerts are merely illustrative, and the disclosure is not limited to these
alerts. Instead, these are merely examples of some of the types of alerts that may be related
to, e.g., an adsorber process unit. As exemplified below, the alerts may identify the problem

or issue and/or what corrective action (if any) may or should be taken.

[0135] An alert may include an indication of the alert level (e.g., level 1, level 2, level 3).
The alert may include a name or identifier of the alert. The name or descriptive identifier of
the alert may include a description of the determined problem that the alert is based on. The
alert may include information on the determined problem. The alert may include information
about potential causes of the determined problem. The alert may include a recommended
further action (e.g., investigate and contact service representative). The alert may include
information about who has received the alert. The alert may include an error code and/or
error description for the error. The alert may include potential consequences of the error. The

alert may include suggested actions for resolving the error.

[0136] Level 1 Alert: Moisture breakthrough in last 10% of adsorption time.

[0137] The system has detected a major concern relating to the dehydration unit. Please
investigate and contact service representative. A copy of this alert has been sent to your

service representative. Error: Moisture Breakthrough at End of Cycle.
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[0138] Level 1 Alert: Moisture breakthrough & high DP on Coldbox/JT-Valve (e.g., a

freeze event).

[0139] The system has detected a major concern relating to the dehydration unit. Please
investigate and contact service representative. A copy of this alert has been sent to your

service representatives. Error: Moisture Breakthrough with Possible Hydrate Formation.

[0140] Level 2 Alert: Exceed max H20 capacity.

[0141] The system has detected a concern relating to the dehydration unit. Please
investigate and take corrective actions. A copy of this alert has been sent to your service
representative. Error: Exceeded Maximum Calculated Water Load. Potential Consequences:
High risk of water breakthrough leading to unscheduled plant shut-down. Suggested Actions:

Reduce feed flowrate and/or adsorption time to limit the amount of water.

[0142] Level 2 Alert: Adsorber Differential Pressure.

[0143] The system has detected a concern relating to the dehydration unit. Please
investigate and take corrective actions. A copy of this alert has been sent to your service
representative.  Error: High Pressure Drop Across Adsorber Vessel (A/B/C). Potential
Causes: Possible indication of liquid carryover, bed support failure, bed lifting,
agglomeration, flow imbalance, or late stage attrition of sieve. Suggested Actions:

Investigate potential causes, and continue operation. May require bed change-out.

[0144] Level 2 Alert: Filter Differential Pressure.

[0145] The system has detected a concern relating to the dehydration unit. Please
investigate and take corrective actions. A copy of this alert has been sent to your service
representative. Error: High Pressure Drop Across Dust Filter (A/B). Potential Causes:
Possible indication of bed support failure, bed lifting, or late stage attrition of sieve.
Suggested Actions: Investigate potential causes, change-out filter, and continue operation.

May require bed change-out.

[0146] Level 2 Alert: Coldbox Differential Pressure.

[0147] The system has detected a concern relating to the cold box. Please investigate and
take corrective actions. A copy of this alert has been sent to your service representative.
Error: High Pressure Drop Coldbox. Potential Causes: Possible indication of solids
accumulation, hydrate formation, or analytical error. Suggested Actions: Investigate

potential causes, service moisture analyzer. May require plant shutdown.
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[0148] Level 2 Alert: Minimum Heating Requirements.

[0149] The system has detected a concern relating to the dehydration unit. Please
investigate and take corrective actions. A copy of this alert has been sent to your service
representative. Error: Below Minimum Requirements of Regeneration Heating Bed (A/B/C).
Potential Consequences: Under-heating leaves higher moisture residual on the adsorber bed
leading to early water breakthrough and unscheduled plant shut-down. Suggested Actions:

Increase regeneration heating flowrate/time/temperature to match design conditions.

[0150] Level 2 Alert: Minimum Cooling Requirements.

[0151] The system has detected a concern relating to the dehydration unit. Please
investigate and take corrective actions. A copy of this alert has been sent to your service
representative. Error: Below Minimum Requirements of Regeneration Cooling Bed (A/B/C).
Potential Consequences: Under-cooling leaves higher than expected heat trapped in the
adsorber vessel leading to a larger heat bump at beginning of adsorption step. Suggested

Actions: Increase regeneration heating flowrate/time/temperature to match design conditions.

[0152] Level 2 Alert: Lift Regeneration Flow.

[0153] The system has detected a concern relating to the dehydration unit. Please
investigate and take corrective actions. A copy of this alert has been sent to your service
representative. Error: Regen flowrate Exceeds Lifting Limit. Potential Consequences:
Lifting the adsorbent may cause bed support failure, adsorbent attrition, and adsorbent layer
mixing (compound beds) leading to channeling and early moisture breakthrough. Any or all
of these issues may lead to unscheduled plant shut-down. Suggested Actions: Watch for
increased pressure drop, and potentially reduce adsorption flow/time. May require bed

change-out.

[0154] Level 2 Alert: Minimum Regeneration Flow for Distribution.

[0155] The system has detected a concern relating to the dehydration unit. Please
investigate and take corrective actions. A copy of this alert has been sent to your service
representative mentioned below. Error: Regen flowrate Below Minimum for Distribution.
Potential Consequences: Low heating flowrate may not properly regenerate the entire
adsorbent bed leading to high moisture residual, and unscheduled plant shut-down. Suggested

Actions: Increase regeneration heating flowrate to match design conditions.
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[0156] Level 2 Alert: Forecasted EOL Date.

[0157] The system has detected a concern relating to the dehydration unit. Please
investigate and take corrective actions. A copy of this alert has been sent to your service
representative.  Error: Installed Adsorbent has Exceeded Expected Bed Life. Potential
Consequences: Operating this charge of adsorbent beyond designed bed life may result in
unscheduled plant shut-down. Suggested Actions: Operate with caution until a new charge of

adsorbent has been installed.

[0158] Level 2 Alert: Moisture breakthrough (not at end of cycle).

[0159] The system has detected a concern relating to the dehydration unit. Please
investigate and take corrective actions. A copy of this alert has been sent to your service
representative. Error: Moisture Breakthrough. Potential Causes: Possible indication of flow
channeling in the online dehydration beds. If this error occurs alone, or during the middle of
a cycle then it may also indicate an analytical error. Suggested Actions: Reduce adsorption
time/feed flowrate, Investigate potential causes, service moisture analyzer, and watch for

increasing coldbox DP.

[0160] Level 3 Alert: A shutdown has been detected that is not directly related to the

adsorber.

[0161] The system has detected an action relating to a unit other than the dehydration
unit. Please investigate and take corrective actions, if necessary. A copy of this alert has been
sent to your service representative. Alert: shutdown. This alert may include information

identifying the unit that shutdown and/or the unit that caused the shutdown.

[0162] Level 3 Alert: The unit has started up.

[0163] The system has detected an action relating to a unit other than the dehydration
unit. Please investigate and take corrective actions, if necessary. A copy of this alert has been
sent to your service representative. Alert: startup. This alert may include information

identifying the unit that started up and/or the unit that initiated the startup.
Conclusion

[0164] Aspects of the disclosure have been described in terms of illustrative
embodiments thereof. Numerous other embodiments, modifications, and variations within the
scope and spirit of the appended claims will occur to persons of ordinary skill in the art from

a review of this disclosure. For example, one or more of the steps illustrated in the illustrative
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figures may be performed in other than the recited order, and one or more depicted steps may

be optional in accordance with aspects of the disclosure.
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What is claimed is:

1. A system comprising:
a plant comprising an adsorber process unit;
one or more sensors configured to measure operating information for the adsorber
process unit;
a data collection platform comprising:
one or more processors of the data collection platform;
a communication interface of the data collection platform and in
communication with the one or more sensors; and
non-transitory computer-readable memory storing executable instructions that,
when executed, cause the data collection platform to:
receive sensor data comprising the operating information for the
adsorber process unit;
correlate the sensor data with metadata comprising time data; and
transmit the sensor data to a data analysis platform;
the data analysis platform comprising:
one or more processors of the data analysis platform;
non-transitory computer-readable memory storing executable instructions that,
when executed, cause the data analysis platform to:
receive the sensor data from the data collection platform,;
analyze the sensor data; and
based on the analyzed sensor data, transmit a command for an
adjustment to an operating condition related to the adsorber process unit;
a control platform comprising:
one or more processors of the control platform;
non-transitory computer-readable memory storing executable instructions that,
when executed, cause the control platform to:
receive the command for the adjustment to the operating condition
related to the adsorber process unit; and

adjust the operating condition related to the adsorber process unit.

2. The system of claim 1, wherein the executable instructions of the data analysis

platform, when executed, cause the data analysis platform to:
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monitor an amount of water being adsorbed in an adsorbent bed of the adsorber
process unit; and

determine, based on the amount of water being adsorbed in the adsorbent bed of the
adsorber process unit, whether the adsorber process unit needs to be taken offline and

adsorber of the adsorber process unit regenerated.

3. The system of claim 1, wherein the executable instructions of the data analysis
platform, when executed, cause the data analysis platform to:

transmit a command for an adjustment to a cycle time of the adsorber process unit.

4. The system of claim 1, wherein the executable instructions of the data analysis
platform, when executed, cause the data analysis platform to:

determine an optimal operating characteristic of the adsorber process unit;

determine whether there is a difference between a last-cycle operating performance of
the adsorber process unit and the optimal operating characteristic of the adsorber process
unit; and

based on determining that there is the difference between the last-cycle operating
performance of the adsorber process unit and the optimal operating characteristic of the
adsorber process unit, determine the adjustment to the operating condition related to the

adsorber process unit.

5. The system of claim 4, wherein the executable instructions of the data analysis
platform, when executed, cause the data analysis platform to:
determine an optimal cycle time of the adsorber process unit as part of determining

the optimal operating characteristic of the adsorber process unit.

6. The system of claim 4, wherein the executable instructions of the data analysis
platform, when executed, cause the data analysis platform to:

determine the adjustment to the operating condition related to the adsorber process
unit, the adjustment configured to decrease a difference between an actual operating
performance of the adsorber process unit and the optimal operating characteristic of the

adsorber process unit.
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7. The system of claim 6, wherein the executable instructions of the data analysis
platform, when executed, cause the data analysis platform to:

after a next cycle of the adsorber process unit, determine a new last-cycle operating
performance of the adsorber process unit; and

based on the new last-cycle operating performance of the adsorber process unit,
determine whether the difference between the actual operating performance of the adsorber
process unit and the optimal operating characteristic of the adsorber process unit has

decreased.

8. The system of claim 1, wherein the executable instructions of the data analysis
platform, when executed, cause the data analysis platform to:
transmit a command configured to cause an adjustment to a capacity of the adsorber

process unit.

0. The system of claim 1, wherein the executable instructions of the data analysis
platform, when executed, cause the data analysis platform to:
transmit a command configured to cause an adjustment to an amount of feed for the

adsorber process unit.

10. The system of claim 1, comprising:
a dashboard configured to:
display the sensor data comprising the operating information for the adsorber
process unit; and
display the adjustment to the operating condition related to the adsorber

process unit.

11.  The system of claim 10, wherein the dashboard is configured to:
display an optimum level at which the adsorber process unit should be operated to

achieve an optimization goal for the adsorber process unit.
12.  The system of claim 10, wherein the dashboard is configured to:
display an amount of adsorption achieved by the adsorber process unit in a particular

time; and
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display an amount of water load that an adsorber system is under at a given point in

time.

13. A method comprising:

receiving, by a data analysis computing device, sensor data for a sensor associated
with an adsorber process unit;

based on analyzing the sensor data, determining, by the data analysis computing
device, an ideal operating condition for an element of the adsorber process unit;

determining, by the data analysis computing device, a difference between a most
recent operating condition for the element of the adsorber process unit and the ideal operating
condition for the element of the adsorber process unit;

based on the analyzed sensor data, determining, by the data analysis computing
device, a command for adjusting the element of the adsorber process unit to reduce the
difference between the most recent operating condition and the ideal operating condition; and

sending, by the data analysis computing device, the command for adjusting the

element of the adsorber process unit.

14. The method of claim 13, comprising:

monitoring an amount of water being adsorbed in an adsorbent bed of the adsorber
process unit; and

determining, based on the amount of water being adsorbed in the adsorbent bed of the
adsorber process unit, whether the adsorber process unit needs to be taken offline and

adsorber of the adsorber process unit regenerated.

15. The method of claim 13, comprising:

determining an optimal operating characteristic of the adsorber process unit;

determining whether there is a difference between a last-cycle operating performance
of the adsorber process unit and the optimal operating characteristic of the adsorber process
unit; and

based on determining that there is the difference between the last-cycle operating
performance of the adsorber process unit and the optimal operating characteristic of the
adsorber process unit, determining the adjustment to the operating condition related to the

adsorber process unit.
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The method of claim 13, comprising:
generating a dashboard configured to:

display the sensor data comprising operating information for the adsorber
process unit;

display the adjustment to the operating condition related to the adsorber
process unit;

display an optimum level at which the adsorber process unit should be
operated to achieve an optimization goal for the adsorber process unit;

display an amount of adsorption achieved by the adsorber process unit in a
particular time; and

display an amount of water load that an adsorber system is under at a given

point in time.
A computer program comprising instructions arranged such that when executed by
one or more computers, the instructions cause the one or more computers to perform

the method of any of claims 13-16.

A computer-readable medium storing the computer program according to claim 15.
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