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New Expandable Ethernet Remote ®
1/0 Modules Offer Great Flexibility AACI‘ omdg .

Acromag’s new BusWorks® NT Series remote 1/0 modules
provide an Ethernet interface for analog, discrete, and
temperature signals. These modules provide value with /0
expansion of up to 64 channels with a mix of signal types on
a single IP address.

= Configurable over Ethernet with a web browser
= {20® peer-to-peer or multicast communications

= Dual RJ45 ports enable daisy chain topology

= Modbus/TCP, Ethernet/IP, and Profinet protocols
= Conditional logic for rule-based I/0 operation

= Thin 25mm housing with pluggable terminals -"-;;‘:‘&5_:,;?;; :
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= Wide temperature operation (-40 to 70°C) .

You Get Personalized Support-
Guaranteed ;

You can trust Acromag for all your signal conditioning and re-
mote I/0 solutions. You can be confident that with our more
than 60 years 1/0 experience that you will get

professional personalized support — guaranteed.

1509001 R @R Visit Acromag.com/NT
15900 2o TO LEARN MORE

877-295-7066 Remote 1/0 Solutions You Can Depend On.
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Prevent pressure
transmitter problems

Installation details make the difference in DP flow and level applications.

by Greg McMillan

Gregd: You can’t control something if you’re not measuring it. There have been great ad-
vancements in measurement technology. Smart transmitters have increased accuracy an
order of magnitude or more, and drift is so slow that calibration intervals can be signifi-
cantly extended. However, a measurement is only as good as its installation. Not enough
knowledge is published or presented on how to make sure the installation doesn’t limit
performance or create maintenance and reliability issues. Here, Hunter Vegas and | (co-
founders of the ISA Mentor Program) offer what we think is important. The newest re-
source to our ISA Mentor Program, Daniel Warren, has stepped up to offer his personal
experiences to help guide our group. Daniel has over 35 years of experience as a senior in-
strument and electrical design specialist in oil, gas, chemical, food, mining, utilities, water

& wastewater, and various pulp & paper facilities, and is the owner of D.M.W Instrumenta-
tion Consulting Services Ltd.

The most common flow and level measurements often use differential pressure (DP) trans-
mitters with two impulse lines for flow, and one impulse and an equalization line for level.
Pressure drops are also measured by a DP with two impulse lines. Many pressures must also
be measured and controlled. Gauge pressure transmitters vent the low side. Absolute pres-
sure transmitters have the low side sealed with a full vacuum. Gauge and absolute pressure

transmitters (PT) have a single impulse line. Consequently, a production unit can have thou-

sands of impulse lines that are often the weakest link.
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The DP and PT installation method and lo-

cation should be designed to:

* Prevent a non-representative process vari-
able at the transmitter,

* Prevent extraneous effects at the trans-
mitter,

* Keep the fluid density, composition and
phase the same to both sides of the DP
transmitter,

* Minimize accumulation of solids and
bubbles,

¢ Minimize plugging, coating, corrosion, and
fouling of the impulse lines,

¢ Minimize time lag(s) from impulse lines to
the transmitter,

¢ Maximize signal-to-noise ratio, and

* Enable calibration and maintenance of the

transmitter.

The impulse and equalization lines, valves
and manifolds, as well as the transmitter,
must all have wetted surfaces, including
gaskets, O-rings and seals, constructed of
materials that can withstand the worst pro-
cess scenario. This could include corrosion,
temperature swings, sudden pressure and
vacuum swings, mechanical impact (ham-

mering), clean-out procedures, etc.

Let’s first address measurement of gases.
The goal is to ensure only gases enter the
lines, and any liquid drains back into the
process. The transmitter must be mounted
above the process connections with a
uniform slope of at least 1 foot of elevation

change for every 10 feet of length, with a
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greater slope being generally advantageous.
For horizontal pipelines, the process con-
nections should be at the top. For vertical
pipelines, the process connections are on
the same side as the transmitter. A vent at
the DP transmitter may be useful for venting
the accumulation of low-density gases (e.g.,

inerts) and for transmitter maintenance.

Hunter: Another potential problem with gas
installations is gas condensation. If the boiling
point of the gas at maximum operating pres-
sures is less than ambient temperature, the
gases can condense in the impulse line and
cause intermittent negative pressure spikes.
In this case, the process tubing must be heat-
traced to eliminate this issue. Note that steam
also can condense, but this case is handled

differently. (See steam section below.)

Daniel: I've seen a number of cases where
piping hasn’t been installed adequately to
ensure a sufficient slope for gravity drain-
age. I've also seen lines that are damaged
and twisted when other mechanical com-
ponents are installed as an afterthought.

| have “blow-down” lines installed for gas
venting when isolating and venting a trans-
mitter. This also gives me a location to tie
in a purge to blow any particulate, oils or

condensate back into the process line.

Greg: When measuring liquids or steam, you
need to ensure the lines are equal in length,
and filled with liquid that has the same den-

sity and no phase changes. The transmitter
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must be mounted below the process connec-
tions with a uniform slope of at least 1 foot in
elevation for every 10 feet of length. Valves

at the transmitter should enable flushing and

draining the lines and transmitter.

Heat tracing must provide enough heat to
prevent freezing on the coldest day with
the coldest fluid, but doesn’t overheat the
lines and cause flashing (vaporization or
boiling) of the fluid on the hottest day with
the hottest fluid.

Hunter: It’s very important that the tubing
slope continuously from the process con-
nection to the transmitter. Any high point
along the way can trap vapors and cause
an improper reading. Also, the transmitter
connections usually branch off the main
impulse run. This is done so if there are any
solids in the impulse line, they’ll drop into
the line section above the blowdown valves
and not impact the pressure measurement

at the transmitter.

Daniel: The other thing to take into con-
sideration is the liquid itself. The process
conditions and product will make a differ-
ence in the materials and installation. As an
example, what’s used for water may not be
suitable for liquid natural gas (LNG), dilu-
ent, chlorine, etc. Each of these are requires
certain materials for wetted parts (tubing,
diaphragms, O-rings, gaskets, etc.), and it’s
always best to confirm the requirements

with the manufacturers’ tables. The other
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thing to consider is the temperature and the
specific gravity. The rangeability as well as
the materials themselves may put a limi-
tation on what can be used to accurately

measure that particular process.

Greg: What more do we need to know

about steam installations?

Hunter: One might consider steam a “gas”
and mount the transmitter above the pro-
cess line with a heat-traced line to avoid
condensation. However, most transmitters
cannot handle the process temperatures and
will fail in short order. Therefore, a typical
steam installation will mount the transmit-
ter below the line, let the steam condense,
and thus protect the transmitter from the
high temperatures. As long as both legs are
equally filled, the water in the line will not
impact the DP reading, but it will cause an
offset for a pressure transmitter that must be
calibrated out. You also need to freeze-pro-
tect the impulse lines, and keep them warm
enough to avoid freezing but cold enough to

ensure the steam will condense.

Daniel: You don’t have to wait for the steam
to condense to fill the lines during commis-
sioning. Distilled water can be used for this
purpose. I've also used glycol to fill the lines
when setting up transmitters in cold-climate
locations. Seal pots are more of an old school
practice. Their primary use is to act as a bar-
rier between a harmful process, such as a cor-

rosive gas/liquid or steam, and transmitter.
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“DANG 7 THE WHOLE STARTUP EREENERTA

15 INON THE SKIPS X o 12 BN 20T, THE ENTIRE

PRODULTION UNIT WAS BOUGHT

To keep trouble away from skid row, see the skid reality show preview and the top 10 things you
don’t want to hear about your differential pressure (DP) installation at www.controlglobal.com/ar-
ticles/2018/prevent-pressure-transmitter-problems.

The ability to calibrate and maintain the DP the type (style) of transmitter. I've seen a

installation generally requires the vent/fill/ number of skid-mounted transmitters (and

flush and drain valves mentioned above, older installations) that aren’t properly

and a manifold or equivalent piping of im- installed (isolated) to allow for a zero and/
pulse lines that enable the same pressure or span adjustment. It’s also easier to do

to be applied to both sides of the DP for a bench calibration as compared to a field
zeroing. The valves in the lines and mani- calibration. A field calibration can be cum-
fold must also allow the transmitter to be bersome, especially if you must have an as-
safely removed with no exposure to the sortment of tools and test equipment (air
process fluid. or nitrogen cylinders, hand pumps, etc.).

Also, testing is limited when you’re dealing
Daniel: How you calibrate a transmitter with an older style of DP as compared to

also depends on how it was installed and the smart versions.

Pressure & Temperature Measurement 7



We understand how leading-edge products and
process improvements are critical in your business.

ou are enabled to achieve a faster time to market,
prove plant productivity and reduce risk.

V4

iTHERM TrustSens TM37x:
The world’s first self-calibrating compact thermometer

= [Increases process safety with fully automated,
fully traceable inline self-calibration

s Offers 100% compliance with automated
audit-proof documentation

= Eliminates the risk of undetected non-
conformities with Heartbeat Technology

Do you want to learn more? Endress+ Hauser ED

www.us.endress.com/trustsens People for Process Automation


http://www.us.endress.com/trustsens

Major brewer redefines

calibration process

hen you’re in charge of operations at a

large brewery and realize that your team

is spending too much time on instrument
calibrations, using processes that are potentially haz-

ardous, who do you call?

One major brewing facility in the United States recent-
ly faced this challenge. With close to 100 RTD ther-

mometers installed at the plant, the manual calibration
process had become time consuming, taking up nearly

80 hours of labor each year.

The brewery had been using a combination of portable
micro-baths and other calibrators to perform calibra-
tions on its RTD thermometers. The micro-bath calibra-
tions involve the use of hot oil and an ITS-90 traceable
reference thermometer. Each time the micro-bath was
moved to a new location, the oil needed to be heated

to the appropriate temperature and allowed to stabilize

prior to performing the actual single point calibration.

Challenge:
Reduce the time required for
manual calibration of nearly

100 RTD thermometers

Solution:

Endress+Hauser iTHERM
TrustSens, self-calibrating
thermometers deployed to
replace portable micro-baths

and other calibrators

Benefit:
Calibration time reduced
substantially, improved

safety and process efficiency

Pressure & Temperature Measurement
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The TrustSens thermometer has a high precision reference built into the temperature sensor which
aides in the calibration process.

Consequently, this process was taking the
tech team around 45 minutes on average to
calibrate each thermometer. Performing cal-
ibrations using the portable hot oil micro-
baths also was creating safety concerns and
challenges, as transporting a micro-bath
containing hot oil from sensor to sensor had
the potential to become a serious safety

hazard if not done properly and carefully.

“Calibration is a very intimate process,”
says Robert Jennings, calibration and repair
manager at Endress+Hauser. “Technicians
have to stop production, so there’s no
money being made, and they also have to

take instruments offline. There could be a

lot of risk involved, not just with the device
being calibrated, but then getting produc-

tion back online successfully.”

The brewery’s lead instrumentation special-
ist was challenged to fix the situation. He
was assigned to lead a project that would
identify a safer and more efficient method
of performing calibrations on its fleet of

RTD thermometers.

“You can imagine the quantity of instru-
mentation needing to be calibrated,” adds
Jennings. “You have to be able to work fast,
efficiently and effectively. And then from

there, you have to get back online.”

Pressure & Temperature Measurement 10



The project lead made a quick decision

to purchase an Endress+Hauser’s iTHERM
TrustSens hygienic thermometer, the world’s
first self-calibrating thermometer, to see if it

would save time and reduce risk and cost.

A SELF-CALIBRATING SOLUTION
Endress+Hauser’s iTHERM TrustSens ther-
mometer is designed to maximize product
safety, plant availability and process ef-
ficiency. In particular, the TrustSens ther-
mometer has a high-precision reference
built into the temperature sensor which
aides in the calibration process. Its automat-
ed and fully traceable inline self-calibrations
reduce process downtime, helping to mini-

mize risk and costs.

Nathan Hedrick, national product manager
at Endress+Hauser, explains why auto-
mated calibration capabilities are critical in
modern plants: “Assume you’ve got stable
measurements that are unlikely to drift.
When the schedule indicates that it is time
to manually calibrate the instrument, you
may be arbitrarily taking it out of calibra-
tion, inducing unnecessary cost and down-
time, and increasing the risk of damage

to a device that is working perfectly fine.
Instruments that are self-calibrating in
place enable you to achieve more frequent
calibrations that are automatically trig-

gered by pre-set deviations.”

Employing the TrustSens temperature

transmitter with Heartbeat Technology,

www.controlglobal.com

calibration results are captured after every
successful self-calibration. When techni-
cians need the calibration history, they

can connect directly to the transmitter

or through a HART connection from the
control system. Utilizing TrustSens’ DTM
the information is visible on the associated
software or a printed calibration certificate
can also be produced. The TrustSens ther-
mometer eliminates the risk of undetected
non-conformance issues without impacting

existing validated procedures or GMP.

Typically, TrustSens is employed as a meth-
od of in-situ calibration for processes that
undergo sterilize-in-place (SIP) on a regular
basis. As steam is introduced to the pro-
cess, the temperature passes through the
18°C threshold that triggers the TrustSens
calibration. However, the brewery did not
employ SIP, instead using a simple portable
ceramic block heater in conjunction with
TrustSens unique technology to perform

the single point calibration.

In this case, the brewery technicians remove
the TrustSens temperature probe from the
thermowell and place it in the ceramic block
heater. Once the temperature at the RTD
exceeds 118°C, TrustSens then begins to
cool and automatically initiates the calibra-
tion cycle. If the RTD is within the brewery’s
self-defined accuracy tolerance, a green
light appears. The technician then reinstalls
the probe into the thermowell and proceeds
to the next RTD.

Pressure & Temperature Measurement N



SIGNIFICANT TIME SAVINGS

The self-calibrating thermometer proved up

to the task of delivering an efficient means
for calibration while also improving worker
safety. The brewery tested the TrustSens
thermometer side-by-side with one of the
facility’s original RTDs and was extremely
pleased with the results. Using the ce-
ramic block heater, the calibration of the
Endress+Hauser iTHERM TrustSens sensor
takes no longer than 15 minutes, saving 30

minutes per RTD.

Jennings adds that when performing
calibrations, depending on the discipline,
the technician may have to rescale the
device to get the best resolution out of
the outputs. “That’s also a risk, because
not only are you pulling the device out of
the production line, now you’re also re-

configuring the device.” In cases like this,

Endress+Hauser service teams stand ready

to support on-site calibrations as needed.
“Part of the procedure in our documenta-

tion is that we save parameters and for-

www.controlglobal.com

ward count. We reconfigure, if needed, to
get the best resolution out of the device to
see truly how it's performing and then re-

stand the device, if necessary.”

However, if the brewery replaces the RTDs
that are currently in the facility with Trust-
Sens, it will save close to 80 hours in cali-
bration time annually, considering some
transmitters are calibrated once a year and
others every six months. Using TrustSens
as the new calibration solution also greatly
reduces the risk to the brewery’s techni-
cians by eliminating the hot-oil microbaths
that workers were carrying from location to

location within the plant.

Jennings adds that the benefits of self-cal-
ibrating instruments extend into the realm
of optimized inventory. “When the devia-

tion gets to a certain point where it’s been
adjusted time after time—having that data
to know how far you’ve drifted is critical to

planning for replacements.”

Pressure & Temperature Measurement 12



Ever Wish Your
Temperature Transmitters
Could Talk?

RTD and Thermocouple sensor failure can be costly for any process
or operation. Wouldn't it be great if your temperature transmitter
gave you early warning of impending sensor failure? Moore
Industries smart HART dual input temperature transmitters do just
that with built-in features like Sensor Drift Detection and Sensor
Corrosion Detection that alert you when your sensors are on the
path to failure.

Bring predictive failure analysis right to the field with Moore
Industries latest smart HART temperature transmitters.

Ll B

._l;.,l ; :.I:._E-" Learn more about the Moore Industries Smart

‘#-'g:l-r-._ s HART Dual Input Temperature Transmitters.
5 "_,

v
i
= Call 800-999-2900

E.' it Or check www.miinet.com/HART-Temperature


https://www.miinet.com/?page=search&cid=temperature-transmitters&cdskeys=HART-Temperature
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How to size and select your
hext pressure relief valve

Thorough understanding of process dynamics is needed to ensure reliable
operation of these ‘last line of defense’ devices

by Ghulam Farooq, Saudi Aramco

pressure relief valve (PRV) is a safety device designed to protect a pressurized

vessel or system in case of an overpressure event. An overpressure event refers to

any condition that would cause pressure in a vessel or system to increase beyond
the specified design pressure or maximum allowable working pressure (MAWP). As relief

valves are the last line of defense, they should be independent and highly reliable.

The relief valve is designed to open at a predetermined set pressure. As fluid is diverted,
the pressure inside the vessel stops rising and will begin to fall. Once it falls to the valve’s

reseating pressure, the valve will close. The difference between set pressure and reseating
pressure is referred as blowdown.

Similarly, equipment must sometimes be protected against an internal vacuum. In such
cases, vacuum relief valves open at a predetermined low pressure limit, admitting air or an

inert gas into the equipment to keep the pressure from going too low.

TYPES OF PRVS

Pressure relief devices can be divided into two main categories, closing and non-reclosing
(Figure 1). The closing type are further divided into spring-loaded and pilot-operated.
Spring-loaded can either be conventional or bellows type, while pilot-operated can either

be pop-action or modulating-action. Each of these is further divided on the basis of pilot

Pressure & Temperature Measurement 14



TYPES OF PRESSURE-
RELIEF DEVICES
Figure 1: Pressure-relief
devices encompass a
range of technologies
used to prevent danger-
ous over—or under—pres-

www.controlglobal.com

Pressure Relief
Devices

Closi i .

sure conditions. osing Non-Reclosing
Spring Loaded Pilot Operated Buckling Pin Rupture-Disk

I | I I |
. . Modulating
Conventional Belows Type Pop Action Action
|
N Non-Flowing N Non-Flowing
Flowing Pilot Pilot Flowing Pilot Pilot

type, either flowing or non-flowing. Non-
reclosing types consist of buckling pins and

rupture disks.

A variety of application-specific factors are
considered when selecting PRVs. These
include backpressure, service, discharge
capacity and inlet pressure losses. Back
pressure is an especially important factor in

selecting the type of relief valve.

Conventional relief valves are used when the
sum of the maximum variable superimposed
backpressure plus the built-up backpres-
sure is less than 10% of the set pressure.
Bellows-type relief valves are used when the
sum of the maximum variable superimposed

backpressure, plus built-up backpressure,

exceeds 10% of set pressure and up to the
manufacturer-recommended limit. In prac-
tice, this is limited to 50% of the set pres-
sure. If the backpressure increases more
than 50%, then a pilot-operated relief valve
should be used. Although pilot relief valves
in theory can be used for up to 100% of the
backpressure, in practice the backpressure
should not increase more than 94% of the
set pressure for reliable operation. This limit

may vary for different manufacturers.

Pilot-operated relief valves have much
higher discharge capacity compared to
conventional relief valves of equivalent size.
Also, due to availability of remote sensing
line options, pilot valves can be used for

high inlet pressure loss applications.

Pressure & Temperature Measurement 15



PRV type

Conventional

CDTP formula

CDTP = set pressure - constant

www.controlglobal.com

Basis of spring range

CDTP

superimposed backpressure

Bellows or pilot

Temperature correction only.
ALL types of PRVs

SET PRESSURE AND CDTP:

The pressure at which relief valve opens
under service conditions is known as the set
pressure, while the pressure at which he re-
lief valve opens on a test stand is known as
the cold differential test pressure (CDTP).
As back pressure is not present during test-
ing in the shop, it needs to be compensated
for with a conventional relief valve. For bel-
lows and pilot-operated relief valves, how-
ever, no adjustment is needed for the back-
pressure; CDTP and set pressure are the
same. If the service temperature is higher
than 250 °F, a temperature correction fac-

tor applies to all types of relief valves.

It’s worth mentioning that spring selection
for a conventional relief valve is based on
the CDTP without considering the tempera-
ture correction factor. The CDTP formulas

for different applications is shown in Table I.

For selecting relief-valve setpoints, two
limits are considered. The upper limit is

decided by considering the MAWP of the

CDTP = set pressure

CDTP = set pressure X temper-
ature correction factor

CDTP

Set pressure

vessel/equipment being protected. As per
ASME SEC-VIII, the relief valve shall not

be set higher than MAWP of the vessel/
equipment being protected. If MAWP isn’t
known, then design pressure shall be con-
sidered as MAWP. The lower limit is based
on the maximum operating pressure of the
system. The relief valve setting(s) should
be at least 10% or 15-psig, whichever is
greater, above the maximum operating
pressure. Where unstable process condi-
tions exist, this differential should be at
least 10% above the maximum operating
pressure or 25-psig, whichever is greater.
The purpose of this margin is to avoid any
immature activation of the relief valve.
Refer to ASME SEC-VIII for details of these

margins for different pressure limits.

PRESSURE DEFINITIONS
Backpressure is the pressure that exists at
the outlet of a pressure relief device as a re-
sult of the pressure in the discharge system.
The total back pressure is the sum of super-

imposed and built-up backpressures.

Pressure & Temperature Measurement 16



Superimposed backpressure is the static
pressure that exists at the outlet of a pres-
sure-relief device at the time the device is
required to operate. This is the pressure
before the relief valve opens. Superimposed
backpressure is the result of pressure in the
discharge system coming from other sourc-

es and may be constant or variable.

Built-up backpressure is the increase in
pressure at the outlet of a pressure relief
device that develops as a result of flow af-
ter the pressure relief valve opens (Figure
2). This type of backpressure is caused by
fluid flowing from the pressure relief valve
through the downstream piping system.
As built-up backpressure varies with the
shape and size of the discharge piping, it’s

always variable.

Blowdown is the difference between set
pressure and reseating pressure. It refers
to how much the pressure needs to drop,
below the set pressure, before a valve
reseats. Blowdown happens because,
when a relief valve lifts, larger disc area

is exposed to system pressure, and it will
not be possible for the valve to close until
the system pressure has been reduced to
below the set pressure. The design of the
control chamber, or huddling chamber,
determines at what pressure the closing
point will occur. Proper blowdown helps
in reducing the chances of chatter or seat
leakage. Test facilities may not have suf-

ficient capacity to accurately verify the

www.controlglobal.com
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LOSSES

FRICTION
LOSSES

blowdown setting. In such cases, the set-
tings can’t be considered accurate, unless
made in the field on the actual installation
and in accordance with the valve manu-

facturer’s specifications.

Relief valve inlet piping should be sized so
that, at the combined maximum rated ca-
pacity of all operational PRVs, the pressure
drop between the protected equipment and
the PRV(s) shall not exceed 3% of the low-
est PRV set pressure. The estimated inlet
piping pressure drop should be also stated

on the relief valve specification sheet.

EXAMPLE CALCULATIONS
Imagine, for example, an application
with a PRV set pressure of 100-psi and

7% blowdown. The valve will close when

Pressure & Temperature Measurement 17



the inlet flange pressure
drops to 93-psig (100 - 7).
Assuming inlet pressure
losses of 3%, the system
pressure at closing will be
96-psig (93 + 3).

Now, assuming that inlet
losses are 10-psig, the valve
will close at 103-psig, which
is 3-psig higher than the set
pressure. The valve will im-
mediately try to open again,
resulting in chattering and
potentially damage to the
valve. To avoid this situa-
tion, inlet pressure losses
for any greenfield project
should be limited to 3%.

It’s worth mentioning that
this inlet pressure loss
criteria alone isn’t suffi-
cient to predict PRV sta-
bility. Additional factors
that need to be considered
include blowdown, reliev-
ing pressure and overpres-
sure. Consequently, due

to the complex nature of
PRV instability behavior, a
detailed engineering analy-
sis should be performed as

per API-520 for an exist-

SETPOINT MAX
105% MAWP

SETPOINT MAX
100% MAWP

www.controlglobal.com

105% MAWP

PRVS WITH STAGGERED SETPOINTS

Figure 3: Staggering the set pressure of multiple pressure-relief
valves prevents valve chattering and potential damage caused
when valves attempt to open at the same time.

ing installation, where inlet
pressure losses are higher
than 3%. This engineering
analysis is referred to as a
force-balance calculation. If
the force-balance is passed
and relief valves haven’t
shown any abnormal be-
havior or chattering previ-
ously, then inlet pressure
losses higher than 3% may

be acceptable.

STAGGERED
SETPOINTS
If multiple relief valves are

being used to protect a

vessel or equipment, then
staggered setpoints are
recommended. With this
arrangement, the relief
valve with the lowest set-
ting will be capable of
handling minor upsets, and
additional relief valves will
open as capacity require-
ments increase. This ar-
rangement will avoid the
chattering, as all relief
valves will not open at
same time. Staggered pres-
sure settings also minimize
emissions or product loss

from relief valve operation.

Pressure & Temperature Measurement 18



For this arrangement, at least one of the
relief valves shall be set at or below the
MAWRP of the vessel. The additional pres-
sure relief valves may be set to open at
higher pressures, but in no case at a pres-
sure higher than 105% of the MAWP. In the
example shown in Figure 3, the first relief
valve is set at the MAWP of the vessel (100-
psig), the second relief valve is set at 103-
psig, and the third relief valve is set at 105%
of the MAWP of the vessel.

It’s also very important to know the cor-
rect backpressure at the outlet of the relief
valve, as this will determine what type of
relief valve—conventional, bellows or pilot—
that’s suitable for the application. Moreover,
it will help to adjust the set pressure of

the relief valve when being tested in shop.
Selecting the correct set pressure of re-

lief valves is also crucial, allowing enough
margin between maximum operating pres-
sure and the relief valve set pressure. This
margin will help minimize the immature
activation of the relief valves. The use of
this staggering arrangement will help avoid
chattering and emission loss. All of the
above parameters, when correctly deter-

mined will make sure that the installed relief
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valves, which are considered as the last line
of defense against unsafe conditions, are
designed and operated in a way that will

make facilities safe for operation.
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Controlling global warming

Transitioning to a ‘green future’ can become the motor of global recovery

by Béla Liptak

n past articles I've covered the controls needed to transfer from the present fossil-fuel-

based energy economy to a future solar-hydrogen-based energy economy. This green

energy economy system will have a collector-electrolyzer-compressor (CEC) at the
source end and a hydrogen storage-fuel cell (HFC) combination package at the user end. In
past articles, I've also described the controls of the reversible fuel cell (RFC), the versatile
device that generates hydrogen for storage when solar energy is in excess and reverses to

generate electricity from hydrogen when solar energy is insufficient.

I’'ve argued that our stone-age ancestors didn’t switch to using bronze because they ran out
of stones; they switched because it was better. So should we switch to green energy and
leave fossils where they are. In past articles, I've also shown that robotization and artificial
intelligence can provide the workforce needed to accomplish this transformation, and that
present goals that hope emissions will peak by 2025, that they’ll drop some 45% by 2030

and 100% by 2050 are overly optimistic in an age when there are leaders who question the
very existence of global warming (GW).

In this article, I'll show that the GW process is self-stabilizing, and that it contains many pos-
itive feedback processes and tipping points. Unfortunately, many future-prediction models
disregard these positive feedback processes and as such are highly inaccurate. I'll end with

some comments on the economy of the conversion.
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carbon dioxide level (parts per million)

POSITIVE FEEDBACK

AND TIPPING POINTS

GW is a multivariable, heat-transfer process.
It consists of a warm object (the Earth) ro-
tating in a cold environment (outer space).
The Earth has to be heated to maintain its
temperature. It has two heat sources, one is
outside (the Sun), the other (a much smaller
one) inside, which | will neglect in this analy-
sis. The heat balance will be stable if the
following three variables are constant: 1) the
amount of solar energy received, 2) the insu-
lation of the planet, and 3) the reflectivity of

the Earth’s surface. Let us look at all three.

First, the amount of solar radiation received
by the Earth varies because the Earth orbits
the Sun at an angle. The solar energy reach-
ing different parts of our planet isn’t con-

stant, but varies during the course of a year.
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This is the reason we have different seasons
and why the seasons are opposite in the
Northern and Southern hemispheres. There
are three reasons for the variation: eccen-
tricity of the Earth’s orbit, which varies the
planet’s distance to the Sun (and triggers
ice ages every 100,000 to 200,000 years);
the orientation of the Earth’s axis, which
cycles off-center every 26,000 years; and
the tilt-angle of the Earth’s axis, with a cycle
period of 41,000 years. It’s obvious that
none of these variables can be responsible
for GW because they’re all several magni-

tudes slower than the fast-increasing GW.

Second, life on Earth is made possible by
the existence of our atmosphere, which,
among other functions, insulates us from
the cold of outer space. This insulation also
keeps the “back side” of the Earth (the side
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not facing the Sun) warm. This insulation

is facilitated by greenhouse gases, which
reflect radiated heat back to Earth. The
concentration of these carbon-dioxide-
equivalent gases did not rise above 300
ppmyv during the last 1 million years (Figure
1. Today it’s 415 ppmv and rising. So, this
“insulation” is now a variable, owing to the
accumulation of our emissions during the
Industrial Age. Today, every human being
emits 3.6 kg of carbon daily. At the begin-
ning of the industrial age, the total carbon
in the atmosphere was 600 gigatons (GTC),
and today it’s 880 GTC and growing.

Third, the albedo, or reflectivity, of Earth’s
surface is about 0.3 and is dropping. In oth-
er words 30% of the solar radiation received
is reflected back into outer space. The
albedo varies with the nature of the sur-
face. For example fresh snow reflects 90%
(albedo = 0.9) of incoming radiation, while
water reflects less than 10% and absorbs the
rest. As GW melts the polar ice caps, Earth’s
surface is replaced by water and perma-
frost, so its albedo drops drastically, even
as the heat absorption of the surface rises.
Therefore, the changing reflectivity of the
earth’s surface is not only a variable, but a
self-accelerating one. In the process control
profession, we call this phenomenon “posi-

tive feedback.”

SECONDARY INTERACTIONS
Two of the three main components of the

Earth’s heat-balance are variables (carbon
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dioxide in the air and albedo of the surface).
Their variations can be influenced by posi-
tive and negative feedback sub-processes.

Let’s review the positive ones.

When snow/ice cover melts over land and
the permafrost is exposed to GW, this mate-
rial—that was frozen for several millennia—
also melts and releases immense amounts of
carbon. The total carbon dioxide content of
the permafrost is estimated to be twice as
much as that in the atmosphere. In addition,
it contains large amounts of methane, which
is a greenhouse gas 26 times more powerful

than carbon dioxide.

The oceans are by far the largest carbon
reservoirs on the planet. When GW increas-
es, the oceans release immense amounts of
carbon dioxide (degassing) because the rise
of water temperature lowers its solubility. At
the same time, more carbon dioxide in the
air also increases acidification (lowers the
pH) and increases the solubility of carbon
dioxide. Acidification already has killed 30%
of the coral reefs (the rain forests of the
oceans). The combined effect of the oceans
isn’t well understood, and the various future

models disagree about it or disregard it.

A SELF-STABILIZING PROCESS
The present extent of GW (anomaly), which
is about 1.1°C, has already exceeded all
temperatures that occurred during the past
100,000 years. Further, during the last 1 mil-

lion years, this anomaly has never exceeded
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3 °C. On the other hand, during a presenta-
tion of its 2020 report to the U.N., World
Meteorological Organization Secretary-
General Petteri Taalas stated we’re now on

a path to 5.4 °F (3 °C).

The “personality” of the GW process is a self-
stabilizing one because the energy that the
Earth radiates back into space diminishes as
the plane’s temperature rises. This is because
the Earth loses more and more heat to outer
space as its temperature rises, and when

this increased cooling offsets the heat gain
caused by the greenhouse effect, the global
temperature stops increasing—the heat-bal-

ance of the planet is reestablished.

This sounds like a happy conclusion, as it
suggests that all we need to do is wait and
the GW will stop rising on its own. Well, yes
it will eventually stop rising, but that will be
too late for human civilization. If GW rises
to just 3 °C, 1 million plant and animal spe-
cies will be decimated and a large part of
the Earth will no longer be able to support
human life. In addition to disease and star-
vation, it will trigger a Biblical scale migra-

tion that could destroy human civilization.
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The UN’s Intergovernmental Panel on
Climate Change estimates that exceeding
the GW limit of just 2°C will cost some $54
trillion in damages. This sum is double U.S.
GDP. The transition to a “green future” will
also cost immense amounts of money, but
it will also create an immense numbers of
jobs. This transition is already happening
in Utah where Mitsubishi is replacing a coal

plant with a solar-hydrogen one.

So, we have reached a fork in the road of
human evolution. We must take the one
with the sign “Trust Science,” because
the other reads: “Dead End.” We must
not only leave the fossil fuels where they
are, but must also start preparing our
profession, the instrumentation and con-
trol profession, to automate all these new
systems, plus we must start preparing our
coal workers to learn how to maintain
wind turbines and our oil workers how to
install solar panels. This conversion will
be a new Marshall Plan and will become
the engine of economic growth, a motor
of global recovery, while we complete the
transition to a safe, free and inexhaustible

energy future by mid-century.
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