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INTRODUCTION

The world of instruments and sensors for today’s process and industrial automation industries is in 
the middle of dynamic changes, spanning back several years and projected to continue well into 
the future. Innovators continue to produce new gadgets leveraging the power of IIoT, ever-growing 
branches of digital connectivity, and surging levels of computing power. As a result, this brings 
enhanced levels of productivity and efficiency to plant managers and executives, as well as an easier 
and safer day on the job for today’s engineers. The IIoT and the rise of data has quickly evolved the 
capabilities of today’s process tools and instrumentation. This requires industrial companies to take 
advantage of these dynamic new tools and become knowledgeable of what tools they need and 
how to use them. Amidst a flood of innovation and unending waves of new instruments that can be 
overwhelming.

To help guide users in their research, Automation.com has developed this ebook to serve as a guide 
to the latest instruments and sensors available to the automation community, as well as how other 
companies have already utilized some of these technologies to drive growth in their facilities. We’ve 
compiled articles from the technology experts and drivers, to provide this resource to keep you in 
the know with today’s latest and greatest automation technologies.

www.stratus.com
http://www.hardysolutions.com/
https://www.us.endress.com/en
https://www.honeywell.com/
https://www.posital.com/en/
https://www.sensorsci.com/
http://www.tadiranbat.com/
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By: Howard Breder, Township of Wayne Lab Manager; 
Mark Schwind, Township of Wayne Superintendent 
of Operations; Chris Garaffa, PCS Account Manager; 
Jay Mershon, Product Solution Business Manager, 
Endress+Hauser

As total phosphorus and other nutrient limits are 
driven lower, managers of Wastewater Treatment 
Plants (WWTP) are struggling to operate plants within 
permitted limits, while also trying to control operational 
costs. One significant cost is excessive flocculant 
dosing used for phosphorus removal. Many factors 
impact total phosphorus load and removal efficiency 
making it necessary, especially during the warmer 
months of the year, to run frequent grab-sample tests 
to ensure compliance. In addition to biological removal, 
many plants are dosing flocculant for phosphorus 
removal. But, flocculant is frequently overdosed to 
avoid exceeding discharge limits. This overdosing leads 
to a significant increase in operating costs. The time 
and expense of frequent grab-sample testing make 
optimizing flocculant dosing nearly unachievable and 
very frustrating because process phosphorus levels 
can be hard to predict. To help address this issue, 
Endress+Hauser developed the Liquiline System 
CA80TP Total Phosphorus analyzer, a member of the 
Liquiline System CA80 platform of analyzers. 

Until the release of the Liquiline System CA80 
colorimeter platform from Endress+Hauser, featuring 
onboard experience-based predictive diagnostics, 
colorimeters required frequent operator intervention 
and inspection to avoid costly and time-consuming 
instrument failures. When maintenance intensive 
analyzers are complicated, the devices are all too often 
abandoned altogether. In the case of total phosphorus 
removal applications, this results in plants choosing to 
base Poly Aluminum Chloride (PAC) dosing on flow and 
grab-sample results. The consequences are the labor 
time to take and analyze grab-samples; the additional 
cost of lab testing; the increased cost of PAC to ensure 
compliance as process conditions change between 
grab-samples; and an increase in sludge production. 
All these factors add up to significant, unnecessary 
operating expenses/costs.

The solution to the problem of unsatisfactory 
performance, low reliability and expensive operation 
of the phosphorus measurement lies with key 
improvements in new-generation analyzer. Critical 
improvements in analyzer design include onboard 
predictive diagnostics, fault detection/alarming, 
well designed and simpler sample collection and 
components that are simpler to access and maintain. 
Most importantly, with clear and concise guidance as 

to what needs attention within the analyzer, 
new generation analyzers can be maintained 
by plant personnel with minimal outside 
assistance. The Endress+Hauser Liquiline 
System CA80TP Total Phosphorus analyzer 
uses robust components that are easily 
accessible for maintenance and integrates 
diagnostics that ensure the analyzer is 
functioning properly. Diagnostics detect 
sample dosing volume to ensure proper 
sample flow to the analyzer and other 
parameters such as digester temperature 
and reagent usage. 

Advances in Online Colorimetric Analyzer Technology
 

Until now, accurate and reliable total phosphorus analysis was practical only in the 
lab. Recent technological developments now enable high accuracy total phosphorus 

measurement in near real-time, on-line, that reliably matches lab results. 
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Figure 1: Mountain View Wastewater Treatment Facility, Township of Wayne, NJ.

Advancing Automation eBook Vol. XIII



By making components easily accessible and 
2designing diagnostic capabilities into the unit, intimate 
knowledge of the analyzer is not required to determine if 
the unit is operating properly and operational issues can 
be corrected with very little training and experience.

With the Endress+Hauser Liquiline System CA80TP 
Total Phosphorus analyzer accurate and reliable online 
total phosphorus analysis is a reality. When quality 
analysis is combined with EtherNet/IP or other network 
based digital fieldbuses, operators will be informed of 
critical predictive and corrective diagnostic warnings 
before plant performance is adversely affected. Because 
the analyzer is digital, in-depth troubleshooting can 
be done remotely via a network connection to the IP 
addressable onboard webserver.

Sample Preparation and Collection 
Requirements

Analyzers in a wastewater plant that are used to monitor 
compliance parameters must extract a representative 
sample from the process and use that sample in precise 
volumes for analysis. In the case of total phosphorus, 
this means the sample must contain dissolved 
orthophosphate, phosphorus rich biomass (organic 
phosphorus) and suspended solids which could have 
both soluble and insoluble phosphate attached. Solids 
pose a challenge for analyzer designers since solids 
can interfere with the detection method and cause 
maintenance problems within the analyzer sample  

 

pumping, metering and tubing. Unlike other colorimetric 
analyzers, ultra-filtration cannot be employed for total 
phosphorus measurement since all but the dissolved 
orthophosphate is removed by filtration.

To obtain a representative sample for total phosphorus 
measurement, Endress+Hauser developed a “Y” strainer 
(Figure 2) with 0.8 mm ID suction tube for sample 
extraction. With the Y strainer the small sample suction 
tube is suspended in the strainer flow stream in the 
direction of the flow. With this innovative design, larger 
solids pass by the sample inlet tube with only smaller 
particles drawn up into the tube for analysis. Prior to 
sample extraction the sample line is purged by the 
analyzer sample pump to ensure the line is free of any 
obstructions. Following the purge, the sample is drawn 
into the analyzer via a peristaltic sample pump and into 
an optical dosing chamber. The optical dosing chamber 
precisely measures the sample volume prior to being 
pushed into the reaction chamber/digester via a linear 
driven syringe pump. Once in the digestion chamber the 
sample is dosed with a precise volume of persulfate, via 
the linear driven syringe, and heated to 120°C, which 
converts all phosphorus to orthophosphate. Because 
the digestion chamber operates at a high temperature, 
Endress+Hauser implemented a patented mechanical 
safety interlocked cover that only allows access to the 
chamber when it is safely at a cool temperature. 

Figure 2: Y Strainer Provides “inertial filtration” of larger solids while 
allowing a representative process sample to enter the analyzer for 
digestion and analysis for an accurate, online, total phosphorus 
analysis. Automatically back washed before every measurement cycle 
and manually cleaned only when necessary (when a dosing fault is 
detected). 
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Figure 3: Heated/ventilated analyzer shelter with 3/4” hose in from 
submersible pump with bypass back to process. Y strainer, under 
analyzer, with 3/4” hose inlet/outlet and analyzer connection. Optional 
integrated reagent cooling module extends reagent life to maximum 
while also eliminating the need for air conditioning for ambient 
temperatures up to 104°F (40°C).    



After digestion, the sample cools and is dosed with 
precise volumes of reagents for colorimetric analysis for 
orthophosphate that represents the total phosphorus 
concentration in the sample. By the time the reaction 
is complete and the color change has occurred, the 
solids have precipitated and dropped out of the path 
of the integral photometer allowing the analysis to 
proceed unaffected by the solids. All components are 
monitored by the processor through each step of the 
operation with time/date stamped warnings generated 
if a step fails to complete satisfactorily. Warnings are 
in straightforward with clear guidance given as to 
probable cause(s) and a few solutions proposed where 
appropriate.

Challenge 

The Township of Wayne, NJ, like all municipal 
wastewater plants, has regulations, standards, permits 
and budgets they must adhere to, including regulations 
regarding total phosphorus levels. In the fall of 2017, 
the regulations, especially for total phosphorus, grew 
even more stringent for the township. While biological 
treatment is an option for total phosphorus removal, 
this method alone was not practical due to increased 
nitrate levels and the physical limitations of the facility. 
PAC dosing was the only practical way to comply with 
the low total phosphorus limit. Optimizing the process 
is difficult without near real-time data and overfeeding 
PAC to stay in compliance as process conditions 
change was costly.

“Our normal phosphorus discharge runs 2.5 to 3 mg/L 
at peak turnover,” said Howard Breder, Laboratory 
Manager for the Township of Wayne. “In October, our 
phosphorus level was 3.1 mg/L. New regulations and 
permit limits that have been enforced now require our 
phosphorus discharge to be 0.76 mg/L or lower. This is 
extremely low for us, given the way we are running the 
plant today.”

The municipality was using biological phosphorus that 
resulted in 50% removal. This approach was insufficient 
to meet the new and more stringent total phosphorus 
limit. Additionally, the biological removal process 
increases nitrate which is another strictly regulated 
nutrient. Given these challenges, the municipality made 
the decision to switch to chemical removal using PAC.

Breder added, “Using chemicals becomes more 
expensive, but if we kept biologically removing 
phosphorus out of the wastewater we would have had 
to expand the plant to be able to hit the new limit of 
<0.76 mg/L. We would need more tankage and the 
expansion would cost millions of dollars.”

Realization

The Township of Wayne tried multiple analyzers and 
experienced serious challenges with each instrument 
making it impossible to get away from frequent grab 
sampling. In addition to the challenge of meeting a 
strict limit of <0.76 mg/L, the municipality experienced 
a lack of accuracy, poor reliability and insufficient lab 
correlation with the analyzers they tested. 

About the Township of Wayne, 
New Jersey (Figure 1):

The Division of Water and Sewer operates 
and maintains the drinking water and sanitary 
sewer systems throughout the Township to 
provide residents with clean drinking water 
and sanitary facilities. This Division operates 
and maintains the 13.5 million gallons per 
day Mountain View Wastewater Treatment 
Facility on Dey Road This facility treats all 
sanitary wastes and includes primary settling 
tanks, equalization basins, aeration tanks, final 
settling tanks, chlorination/de-chlorination 
facilities, sludge pumping and storage, and 
sludge truck loading facilities for off-site 
disposal. The plant has a complete laboratory 
for testing and monitoring the treatment 
process. 

During the warmer months, the township 
must maintain its total phosphorus discharge 
to less than 0.76 mg/L. After trying several 
orthophosphate analyzers with varying results, 
and often little or no correlation with lab total 
phosphorus results, the plant nearly gave up 
on on-line monitoring altogether. Conventional 
orthophosphate analyzers use ultrafiltration 
to filter the sample and do not digest the 
bound phosphorus leading to poor correlation 
with lab total phosphorus tests. They also 
found that the orthophosphate analyzers 
tested required very frequent inspection and 
maintenance to detect and correct analyzer 
malfunctions such as plugged sample tubing 
and low reagents.
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The municipality knew it needed a more accurate and 
dependable total phosphorus analyzer that would 
provide reliable analysis with close agreement to 
laboratory results. The Township of Wayne knew that 
an accurate and reliable analyzer would provide the 
trending data they needed for insight and visibility into 
the effectiveness of the phosphorus removal process in 
near real-time.

“We were looking for an analyzer that would be able 
to provide accurate data and wouldn’t break down 
every week,” said Mark Schwind, Superintendent of 
Operations. “We have limited time to manually maintain 
it. The analyzer we were using was providing us data, 
but when something went wrong with the analyzer, we 
had no warning.”

“The previous analyzer would continue to run when 
it was clogged and produce inaccurate data and it 
messed up the entire sampling process,” Breder said. 
“The analyzer kept adding chemicals without a current 
process sample and we didn’t know that we were 
overdosing chemicals, which was a large expense.” 

Schwind and Breder would come into work in the 
morning and check the data from the old analyzer 
and the numbers would seem miscalculated. The two 
would have to perform their own calibrations weekly if 
the numbers weren’t correct and make the necessary 
adjustments.

“We are dealing with wastewater - there are solids when 
it comes through the system and a lot of times it gets 
clogged.  The weak point in all the analyzers we have 
tested so far is getting the sample in the machine for 
measurement,” said Schwind.

Solution

Endress+Hauser representatives met with the Township 
of Wayne to demonstrate the Liquiline System CA80TP 
Total Phosphorus analyzer.

The municipality had tested multiple orthophosphate 
analyzers with poor results and had originally intended 
to try Endress+Hauser’s Liquiline System CA80PH 
Orthophosphate analyzer. However, the plant’s main 
goal had always been to find an analyzer that would 
agree with lab total phosphorus data. After being 
introduced to Endress+Hauser’s new Liquiline System 

CA80TP Total Phosphorus technology, Breder and 
Schwind decided they would try this unique, true total 
phosphorus analyzer.

Solution Details

The Township of Wayne decided to purchase and install 
the Liquiline System CA80TP Total Phosphorus analyzer 
based in part on assurances that the system would 
provide results consistent with the lab method.

“The Liquiline System CA80TP was easy to install 
compared to some of the other analyzers we tested,” 
said Breder. “The samples are taken automatically every 
45 minutes and because of the unique Y strainer (Figure 
2) sampling approach large solids are automatically 
filtered out and doesn’t result in the clogging challenges 
we were experiencing prior.”

The Y strainer provides inertial filtration by allowing 
most particles to pass by the inlet tube while allowing 
only very small particles and dissolved compounds to 
enter the analyzer without filtering out the phosphorus 
rich solids. Ultrafiltration is often used in wastewater 
process analyzers to remove all undissolved solids 
from the sample. Unfortunately, most phosphorus 
except for the dissolved orthophosphate is removed 
via ultrafiltration and this is one reason why most of 
the previous analyzers tested rarely agreed with the lab 
results. Sample handling and conditioning is the most 
critical feature of any online wastewater colorimetric 
analyzer.

Results

The Liquiline System CA80TP Total Phosphorus 
analyzer was installed in August 2017 and the Township 
of Wayne is pleased with results thus far. During the first 
four months of operation, process conditions did lead to 
plugging of the sample tube which was quickly detected 
by the system and resolved by maintenance personnel 
almost immediately. This quick recovery was the result 
of the straightforward alarm messaging provided by the 
analyzer. Empty reagent bottles were also detected by 
the system and corrected byoperators with only a minor 
interruption of the measurement. The plant is now able 
to rely on the measurement, adjust the PAC dosing in 
near real-time, and see total phosphorus trends which 
are in close agreement with laboratory grab-sample 
analysis. 
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None of these benefits were achieved with the previous 
analyzers they evaluated. The Township of Wayne is 
now confident that the analyzer will provide useful 
predictive alarms to warn of low reagent conditions and 
when faults are present they can be resolved quickly, 
resulting in minimal loss of measurement time.

“When the phosphorus level is starting to rise, we can 
see that trend in near real-time because the samples 
are taken automatically every 45 minutes,” said Breder. 
“We go in and make the adjustment right then. These 
samples yield accurate data and quality results on-site. 
You basically have real data that agrees with results that 
are completed in the lab, which take days to process.” 
(Figure 4)

The municipality is already discussing plans to 
implement digital communications using Modbus TCP 
or EtherNet/IP to take advantage of the extensive 
predictive diagnostics from the Liquiline System 
CA80TP Total Phosphorus analyzer (Figure 6) in real-
time over the plant network. Once implemented, 
important current and historical variables such as low 
reagent warnings, preventative maintenance warnings, 
overall instrument health, historical and current 
calibration data will be available via the IP addressable 
webserver. User-friendly descriptive warnings can 
be configured to pop up on the SCADA HMI to give 
immediate indication of analyzer performance issues 
without the need to go out in the field to the view the 
instrument display.

“We eventually want to see this data (Figure 4 & 5) 
right from our desktop and not have to manually 
adjust,” said Schwind. “Eventually our computers 
will do that for us. The ability to run diagnostics 
remotely from our desk and know that it is going 
to run properly will be beneficial. As we start and 
continue to upgrade, the alarms we were receiving 
are becoming less and less.”

“The end goal is a [total phosphorus] number that 
you can hang your hat on,” added Breder. “You 
need good numbers and maximum up-time on the 
instrument and before using the Endress+Hauser 
system we weren’t getting superior, reliable and 
consistent results. If your instrument is not running 
or your data isn’t accurate, then there is no use.”

Figure 4: Grab-sample lab data vs. Liquiline System CA80TP Total 
Phosphorus analyzer data.

Figure 5: CA80TP Total Phosphorus system process data trend (four months).
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Endress+Hauser is a global leader in measurement instrumentation, services 
and solutions for industrial process engineering. Endress+Hauser provides 
sensors, instruments, systems and services for level, flow, pressure and 
temperature measurement as well as analytics and data acquisition. We work 
closely with the chemical, petrochemical, food & beverage, oil & gas, water 
& wastewater, power & energy, life science, primaries & metal, renewable 
energies, pulp & paper and shipbuilding industries. Endress+Hauser supports 
its customers in optimizing their processes in terms of reliability, safety, 
economic efficiency and environmental impact. The Group employs nearly 
14,000 personnel worldwide and generated [net sales of] more than 2.2 billion 
euros (2.5 billion U.S. dollars) in 2017.

  

Conclusion

The issues Township of Wayne experienced for control of phosphorus discharge are not unique. Wastewater 
treatment plants across the United States are seeing tighter permit levels for total phosphorus discharge. These 
limits no longer allow for control over phosphorus removal solely relying on manual sampling and lab testing. 
Orthophosphate analyzers do not produce a correct result, given the fact that sample preparation systems used 
with orthophosphate analyzers remove a portion of the total phosphorus you are trying to measure. The Township 
of Wayne found that the Endress+Hauser Liquiline System CA80TP Total Phosphorus analyzer measures true total 
phosphorus using a unique sampling system that provides a truly representative sample, and complete sample 
digestion, resulting in highly correlated lab quality results. With onboard diagnostics they also found the analyzer 
allowed them to maximize process uptime. With future plans to upgrade to digital fieldbus communications with a 
webserver, the Township of Wayne will further enhance its ability to manage its phosphorus removal process and 
easily comply with tighter permit requirements.

Figure 6: Endress+Hauser CA80TP Total Phosphorus analyzer.
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By Rodger Jeffery, Vice President of Sales,  
Marketing and Technical Services,  
Hardy Process Solutions

Nearly all manufacturers use a Quality Management 
System, such as ISO 9001:2015, to ensure their 
process measurement devices, including industrial 
tanks, batching systems, checkweighers, floor and 
bench scales, are properly maintained, calibrated and 
validated. To meet ISO requirements, weighing systems 
require Standard Operating Procedures (SOPs) for 
maintenance that are documented, controlled and 
calibration results logged and accessible.

This document discusses two methods of complying 
with these requirements. A “Traditional” method that 
requires calibration weights to be loaded onto the scale 
in the manufacturing environment for every calibration 
and an “Electronic”method that does not require test 
weights to be loaded for a successful calibration.

Requirements of ISO 9001:2015

An excerpt from section 7.1.5.2 of the ISO 9001:2015 
guidelines regarding Measurement Traceability states 
that:

“When measurement traceability is a requirement, 
or is considered by the organization to be an 
essential part of providing confidence in the validity 
of the measurement results, measuring equipment 
shall be:

a)  calibrated  or verified,  or both,  at specified  
intervals,  or prior  to use, against measurement 
standards traceable to international or national 
measurement standards; when no such 
standards exist, the basis used for calibration 
or verification shall be retained as documented 
information;
 
b)  identified in order to determine their status;
 
 
 

c)  safeguarded from adjustments, damage or 
deterioration that would invalidate the calibration 
status and subsequent measurement results.  

The organization shall determine if the validity of 
previous measurement results has been adversely 
affected when measuring equipment is found to be unfit 
for its intended purpose, and shall take appropriate 
action as necessary.

The Elements of an Industrial Scale 

To understand the logic and benefit behind the different 
calibration methods, here are the three basic elements 
of most scales: 

• Strain Gauge Load Cell(s), specifically the load 
sensing devices. Typically three or four are used 
for a tank, vessel, hopper, or platform scale. The 
capacity of each load sensor ranges from a few 
grams to 600,000 lbs for a large tank.  

• A junction box, also called summing card, is 
required when multiple load cells share a single 
load. The junction box aggregates the millivolt 
signals from each individual load cell and passes 
these small voltage changes to the weighing 
instrument, which can typically measure and 
resolve incremental changes as fine as 0.15 
microvolts.    

• Instrument (Weight Transmitter, Weight Controller, 
Weight Processor or PLC Plug-In Weight Module). 
The weighing instrument reads the signals from 
the load cells often providing signal conditioning, 
process monitoring, diagnostics or control 
functions based on the weight measured. Ideally, 
strain gauge load cells would measure on a 
perfect straight line. However, this is not the case.  
Each load cell has its own measurement curve 
across its entire range. In Figure 1, a typical load 
cell calibration curve shows where errors are 
introduced. 

Using Electronic Calibration in Process Automation 
to Meet Quality Management Standards 
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In simple terms, calibration tells the instrument what 
measurement curve the load cell uses so it can 
accurately report the weight applied across the entire 
load sensor’s capacity.

An Overview of the Traditional Scale 
Calibration Method: 

The traditional method used to calibrate and validate 
industrial scales can be very time consuming, costly, 
disruptive to production and/or place employees and 
the manufacturing supply chain at some risk. Usually 
the higher the capacity of the scale, the greater the 
impact to one or more of the situations listed. 

The traditional calibration method requires the following 
steps:

1. Installing, connecting and configuring the scale: 
load cells, junction box, and instrument.

2. Trimming the load cell millivolt outputs using the 
Traditional Junction Box trim pots

3. Using the Instrument, capture ZERO i.e. the 
summed millivolt signal with tank or platform scale 
“empty”.

4. Using the instrument, capture the SPAN -  the 
summed millivolt signal with test weights loaded 
equal to or greater than 80% of the max scale 
capacity, preferably 100%. 
a) For many higher capacity scales, for example  
    above 1000 lbs, this task may not be feasible         
    because:

i.   There are not enough “available” certified test  
    weights on site.
ii.   There is not enough “space” to load all the        
      test weights onto the vessel or platform.
iii.  The vessel’s construction may not be “able to  
      sustain” the load of test weight(s) externally. 
iv.  The test weights may create a “safety issue” 
sitting in a raised location in the work area. 

b) In such situations, some companies may be 
forced or elect to include and/or repeat extra steps 
in the calibration process. These steps are called 
“electronic calibration” & “weight substitution”. 
These steps can significantly extend the calibration 
effort and time. The first extra step involves 
using a load cell simulator to inject a calculated 
(approximated) millivolt signal between Steps 1 
& 2 to enable a rough “electronic” ZERO & SPAN 
capture. 

The second extra step involves loading a 
manageable “known” amount of certified test 
weight onto the scale, say 500 lbs, then recording 
the reading of the instrument. The reading would 
not read the actual weight but an approximate 
weight of, for example 509 lbs. Nonetheless, the 
person performing the calibration now knows 
that a 509 lbs reading on the indicator is  actually  
500 lbs. The test weight can now be  removed  
and “substituted” with water or other material till 
509 lbs is again read on the scale. This tedious 
process is then repeated again and again until the 
“substitute” weight on the scale exceeds 80% of 
scale capacity and the SPAN weight reading is  
captured. It should be pointed out that this is a 
widely used calibration method.

c)  Some companies may be forced or elect 
to compromise the calibration and complete 
calibrations with a SPAN load less than the 80% of 
capacity, thereby deviating from the guidelines laid 
out for “best weighing practices”. The reason this is 
a compromise is shown in Fig. 2. Using calibration 
weight ‘A’ extrapolates further and further away 
from the actual span at 100%. Using weight ‘B’ on 
the other hand is far closer to the actual span point. 
The diagram has been exaggerated to show the 
potential error.
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Positives of Using the Traditional Calibration 
Method

1. If Steps 1, 2 & 3 and b (if necessary) are completed 
comprehensively, then an accurate calibration is 
achieved.

2. The calibration is traceable to certified test weights 
and meets the requirements of ISO .  

Negatives of Using the Traditional 
Calibration Method

1. The process usually takes a long time (hours).  
The larger the scale the longer it takes (hours and 
hours). This can take an entire line down and drive 
production (OEE) down and cost up.

2. The method masks (hides) any external forces that 
act on the scale by calibrating them in at ZERO 
and SPAN. If these forces increase or decrease at 
other points on the scales operating range, or are 
nonlinear, then calibration errors can creep into the 
system

3. The process can create unsafe conditions for 
operators and the person doing the calibration

4. The certified test weights which are usually brought 
in from outside by a 3rd party can contaminate the 
manufacturing area if that have not been thoroughly 
steam cleaned since being used on another site 
with contaminants.

5. If the substitution method is used, the company has 
the onerous task of cleaning the tank and disposing 
of the water or material used in place of certified 
test weights.  

Electronic Calibration Method Without Test 
Weights:

A different calibration method seeks to deliver all the 
positives of the traditional method and minimize the 
negatives. This “on-site electronic calibration” method 
approaches the problem on the premise that the only 
reason test weights have to be loaded onto the scales 
with traditional methods is to calibrate the load cells at 
the manufacturer’s facility. 

This is required because the manufacturer of the load 
cells did not load each load cell to 100% with “certified 
test weights and measuring instruments” at their 
manufacturing facilities. By not doing this step the 
manufacturer misses the opportunity to capture the 
individual characteristics (mV/V/ohm) of each load cell 

and compensate for its inherent output characteristics 
on the linearity curve. 

If every load cell is manufactured to compensate for 
non-linearity, then each load cell is electrically matched.  
The load cell manufacturer then permanently records 
this data and embeds that data in a chip inside the 
load cell for weighing instruments to read at the 
customer’s manufacturing facility. Onsite, the instrument 
is calibrated to relate a sensor signal to a weight value 
based on the certified test weight readings recorded 
in the sensor.   

Once the sensor(s) is/are calibrated, the whole scale can 
be calibrated without any test weights and only a small 
test weight of 5% to 10% (depending on the scale size) 
is loaded for “verification” on the customer’s site. This is 
not a unique technique. This method of pre-calibrating 
sensors is also used, for example, in smart pressure 
sensors.

The load cell manufacturing process involves the 
following extra steps to minimize the number of 
calibration steps needed to perform to calibrate and/or 
validate scales on the plant floor.   

1. The load cell manufacturer and their suppliers  
must follow the requirement of the ISO 9001:2015  
guidelines for the calibration and maintenance of 
measurement instrumentation and have created and 
follow their own Standard Operating Procedures.

2. The manufacturer must load the sensors to 100% 
capacity with certified and traceable test weights, 
accurate to a minimum of 1 part in 10,000. 
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3. The manufacturer measures the output of the load 
cells with a certified & traceable high precision 
microvolt meter, accurate to 1 part in 100,000, 
which is also calibrated according to ISO 9001 
guidelines.

4. The manufacturer matches the load cells and stores 
the calibration data on a chip that is inserted in the 
load cell that is later retrieved on demand by the 
weighing instrument.  

5. The calibration data is also stored in the cloud for 
retrieval by the customer, on demand anywhere, 
anytime.  

6. The manufacturer follows a documented SOP.  
ISO 9001 certification does not establish a 
national standard procedure to be followed, but 
requires a procedure that is written, followed, and 
documented.

The electronic calibration method at the manufacturing 
plant then requires the following minimal 3 steps: 

1. Installing, connecting and configuring the scale: 
load cells, junction box, and weighing instrument

2. Using the Instrument, capture the ZERO reading 
(the summed millivolt signal with tank or platform 
scale “empty”) and electronically calibrate by 
reading all the chips embedded in the load cells.

3. The calibration is complete. Next, “validate” the 
calibration with a small “local” certified test weight. 
For good practice, use 5 to 10% of scale capacity.  
This may not be feasible with a tank that holds, for 
example 200 tons.  Manufacturers often use less 
than this range (1 to 2 % of capacity) successfully.   
 
 
 
 

NOTE: Correct weight readings should be 
repeatable to +/- 0.1% of total system load cell 
capacity with no mechanical interference. Original 
installation certification testing should be within 
+/- 0.02% of the full rated capacity. For example, a 
1,000 lb capacity scale would require  +/- 0.2 lb.
a)  For best practice, perform the first validation 
measurement close to the ZERO point.
b)  Later, when the scale reading reaches a higher 
point (80% of capacity or greater) validate with 
the small test weight again to verify the scale is 
weighing correctly at the entire range of its capacity.

Positives

1. The electronic calibration is completed without 
SPAN test weights in less than 30 secs.

2. The calibration is traceable to certified test weights 
and instruments and are permanently recorded 
and retrievable anytime meeting requirements for a 
Quality Management System (e.g. ISO 9001:2015).  

3. This method helps to sustain or drive production 
(OEE) up and cost down by enabling calibration at 
any time without system downtime.  

4. This method exposes any external forces that  act 
on the scale when you complete the “validation” 
step, such as binding. 

5. The validation process ensures far fewer test 
weights and safer conditions for operators and the 
person doing the calibration.

6. Contamination can be contained by purchasing a 
small number of “validating” certified test weights 
for each manufacturing area (then steam cleaning is 
not required each time they are used).

  

Data-Plane Protocols vs. Control-Plane Protocols
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Tadiran Batteries
2001 Marcus Ave.
Suite 125E
Lake Success, 
NY 11042
1-800-537-1368
516-621-4980

www.tadiranbat.com

No place to  
replace a battery.

PROVEN

40
YEAR
OPERATING

LIFE*

Highly remote locations call for Tadiran batteries.

Battery replacement is costly and often 
dangerous work. Reduce the risk with Tadiran 
bobbin-type lithium thionyl chloride (LiSOCl

2
) 

batteries. With an annual self-discharge rate of 
just 0.7% per year, Tadiran LiSOCl

2
 batteries 

enable low power consuming wireless devices to 
operate for up to 40 years on a single battery,  
up to 4 times longer than the competition. Our 
batteries also feature the highest capacity, highest 
energy density, and widest temperature range of 
any lithium cell, plus a glass-to-metal hermetic 
seal for added ruggedness and reliability in 
extreme environments. 

Take no chances. Take Tadiran batteries  
that last a lifetime.

* Tadiran LiSOCL2 batteries feature the lowest annual self-discharge rate of any competitive battery, less than 1% per year, enabling these 
batteries to operate over 40 years depending on device operating usage. However, this is not an expressed or implied warranty, as each 
application differs in terms of annual energy consumption and/or operating environment.

ANNUAL SELF-DISCHARGE

TADIRAN

0.7%

Up to 3%

COMPETITORS

www.beckhoff.us/c6015
http://www.tadiranbat.com/


By Sol Jacobs, VP and General Manager
Tadiran Batteries 

Battery-powered remote wireless devices are expanding 
into all realms of industrial automation.

Virtually every industry has benefitted from remote 
wireless connectivity and the explosion of the Industrial 
Internet of Things (IIoT), including manufacturing, 
distribution, transportation infrastructure, energy 
production, and healthcare, to name a few.
The rise of wireless connectivity and the IIoT is 
enabling industrial automation to apply real-time data, 
‘big data’ analytics, and artificial intelligence (AI) to 
enhance manufacturing, distribution, and logistics. 
The benefits derived include improved workflow, 
reduced bottlenecks, maximized efficiencies, and 
predictive analytics to proactively manage equipment 
maintenance, rebuilding, and replacement programs. In 
addition, improved wireless connectivity has enhanced 
systems control and data automation (SCADA), 
automated process control, quality assurance, asset 
management, safety systems, machine-to-machine 
(M2M) interfaces, and related technologies. 

The proliferation of wireless technology has increased 
demand for consumer and industrial grade batteries. 
Many of these applications demand extended battery 

life, which is largely influenced by the cell’s annual 
energy usage and its annual self-discharge rate. Battery 
operating life can be extended by the use of low power 
microprocessors, components, and circuitry, along 
with the use of a low power communications protocol 
(i.e ZigBee, WirelessHART, LoRa, etc.). Wireless 
devices intended for long-term deployment are often 
programmed to operate mainly in a ‘stand-by’ mode 
that draws little or no current, periodically querying 
the data, and awakening only if certain pre-set data 
thresholds are exceeded. In many instances, more 
battery energy is lost to annual self-discharge than is 
consumed through daily activity.
  
Specifying the right power supply  

A remote wireless device is only as reliable as its power 
supply, which must be optimized based on application-
specific requirements. 

For example, remote wireless connectivity is 
reinvigorating the use of HART (Highway Addressable 
Remote Transducer) technology, which has served 
as the backbone of industrial automation networking 
interfaces for decades.

Powering Remote Wireless Sensors and Devices 
Used in Industrial Automation 
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The HART protocol provides interoperability and 
connectivity between millions of intelligent field 
instruments and host systems, applying the same basic 
technology developed for analog telephone caller ID 
functionality, which is connected by traditional 420mA 
analog wiring. Unfortunately, the need for hard-wiring 
has continually impeded the growth of HART, as many 
HART-enabled devices were never connected due to 
high installation expense, since it costs roughly $100 
per foot to install any type of hard wired device, even 
a basic electrical switch. This cost barrier increases 
substantially once you exit the factory floor, as bringing 
hard-wired solutions to highly remote locations and 
extreme environments can be economically unfeasible 
based on high cost of labor and materials, along with 
environmental regulations and permitting requirements, 
which can add major cost uncertainty.

The introduction of the WirelessHART protocol has 
enabled millions of remote wireless devices to be 
cost effectively networked via a battery-powered 
solution that supports RF, WiFi, satellite, or cellular 
communications.

Certain applications may be suitably powered by a 
consumer grade alkaline or lithium battery, especially 
if the wireless device is easily accessible for battery 
replacement every 1-5 years, and the temperature 
range is moderate (10-40°C). However, the low cost of 
a consumer-grade battery can often be misleading. For 
example, when powering a tank level monitoring sensor 
at a remote chemical processing facility, the labor 
expense to replace a battery will far exceed the cost of 

the battery itself, 
thus warranting the 
use of an industrial 
grade battery. 

Remote wireless 
applications 
that require long 
operating life of up 
to 40 years with 
low daily energy 
consumption 
(micro-amps) are 

mainly powered by primary (non-rechargeable) industrial 
grade lithium thionyl chloride (LiSOCl2) batteries. If the 
application consumes moderate amounts of average 
daily current (milliamps), enough to prematurely exhaust 

a primary battery, then it may be well suited for energy 
harvesting in conjunction with an industrial grade 
rechargeable Lithium-ion (Li-ion) battery to store the 
harvested energy. 

Choosing the right battery involves numerous 
considerations, including: energy consumed in active 
mode (including the size, duration, and frequency of 
pulses); energy consumed in ‘standby’ mode (the base 
current); storage time (as normal self-discharge during 
storage diminishes capacity); thermal environments 
(including storage and in-field operation); equipment 
cut-off voltage (as battery capacity is exhausted, 
or in extreme temperatures, voltage can drop to a 
point too low for the sensor to operate); battery self-
discharge rate (which can be higher than the current 
drawn from average daily use); and cost. Trade-offs are 
commonplace, so it makes sense to prioritize your list of 
desired battery performance features and attributes. 

Industrial grade bobbin-type lithium thionyl chloride 
(LiSOCl2) batteries are recommended for applications 
with the following requirements:

• Reliability – The remote sensor is being deployed
in a highly inaccessible location where battery
replacement is difficult or impossible, and loss of
data due to battery failure is not an option.

• Long operating life – The self-discharge rate of
the battery can be greater than energy lost through
average daily consumption, so initial battery
capacity should be as high as possible.

• Wide operating temperatures – Which is especially
critical for extremely hot or cold environments.

• Small size –The battery’s energy density must be as
high as possible to support product miniaturization.

• Voltage – Higher voltage batteries may enable the
use of fewer cells.

• Lifetime costs – Taking into consideration labor
expense, the cost of replacement batteries, and the
risks associated with battery failure.
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Choosing among primary lithium batteries 

Lithium battery chemistry is widely preferred for 
long-term deployments due its high intrinsic negative 
potential, which exceeds all other metals. As the 
lightest non-gaseous metal, lithium offers the highest 
specific energy (energy per unit weight) and energy 
density (energy per unit volume) of all available battery 
chemistries. Lithium cells operate within a normal 
operating current voltage (OCV) range of 2.7 to 3.6V. 
The absence of water also allows lithium batteries 
to endure more extreme temperatures without the 
constituents freezing.

Numerous primary lithium chemistries are commercially 
available (see Table 1), including iron disulfate (LiFeS2), 
lithium manganese dioxide (LiMNO2), lithium thionyl 
chloride (LiSOCl2), and lithium metal oxide chemistry.

Lithium iron disulfate (LiFeS2) cells are relatively 
inexpensive, used mainly to deliver high pulses required 
to power a camera flash. LiFeS2 batteries have various 
performance limitations, including a narrow temperature 
range (-20°C to 60°C), a high annual self-discharge rate, 
and crimped seals that may leak. 

Lithium Manganese Dioxide (LiMNO2) cells, including 
the popular CR123A, provide a space-saving solution 
for cameras, and toys, as one 3V LiMNO2 cell can 

replace two 1.5V alkaline cells. LiMNO2 batteries can 
deliver moderate pulses, but suffer from low initial 
voltage, a narrow temperature range, a high self-
discharge rate, and crimped seals.

Lithium thionyl chloride (LiSOCl2) batteries are 
manufactured using either spiral wound or bobbin-
type construction. Bobbin-type LiSOCl2 batteries are 
ideally suited for long-term deployment with devices 
that draw low average daily current, offering the highest 
capacity and highest energy density of any lithium cell, 
along with an extremely low annual self-discharge rate; 
less than 1% per year, enabling certain cells to operate 
maintence-free for up to 40 years. 

Bobbin-type LiSOCl2 batteries also deliver the widest 
possible temperature range (-80°C to 125°C) and 
feature a superior quality glass-to-metal hermetic seal.

Delivering proven reliably for up to four decades, 
bobbin-type LiSOCl2 cells have been widely utilized in 
all types of industrial automation applications, including 
M2M, SCADA, tank level monitoring, asset tracking, 
environmental sensors, and applications that involve 
extreme temperature cycling. 

A prime example is the cold chain, where wireless 
sensors continuously monitor the transport of frozen 
foods, pharmaceuticals, tissue samples, and transplant 

organs at controlled 
temperatures as low as -80°C. 
Specially modified bobbin-
type LiSOCl2 batteries have 
operated successfully under 
prolonged test conditions at 
-100°C, far beyond the range 
of consumer grade batteries.

Bobbin-type LiSOCl2 batteries 
are also used to power 
wireless meter transmitter 
units (MTUs) for AMI/AMR 
metering applications for water 
and gas utilities. The extended 
battery life of a bobbin-type 
LiSOCl2 cell is beneficial to 
AMI/AMR metering because 
a large-scale battery failure 
can disrupt customer billing 
and disable remote service 

LiSOCL2 LiSOCL2 Li Metal Oxide Li Metal Oxide LiFeS2 LiMnO2

Bobbin-type with 
Hybrid Layer 
Capacitor

Bobbin-type
Modified for 
high capacity

Modified for 
high power

Lithium Iron 
Disulfate CR123A

Energy Density (Wh/1) 1,420 1,420 370 185 600 650 650

Power Very High Low Very High Very High Low High Moderate

Voltage 3.6 to 3.9 V 3.6 V 4.1 V 4.1 V 1.5 V 1.5 V 3.0 V

Pulse Amplitude Excellent Small High Very High Low Moderate Moderate

Passivation None High Very Low None N/A Fair Moderate

Performance at Elevated 
Temp. Excellent Fair Excellent Excellent Low Moderate Fair

Performance at

Low Temp.

Operating life Excellent Excellent Excellent Excellent Moderate Moderate Fair

Self-Discharge Rate Very Low Very Low Very Low Very Low Very High Moderate High

Operating Temp.

-55°C to 85°C, 
can be extended 
to 105°C for a 
short time

-80°C to 125°C -45°C to 85°C -45°C to 85°C -0°C to 60°C -20°C to 60°C 0°C to 60°C

Moderate PoorModerate

Primary Cell

Alkaline

Excellent Fair LowExcellent

Table 1 Comparison of Primary Lithium cells
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shut-off, service start-up, 
and service restoration 
functionality.

The operating life 
of a bobbin-type 
LiSOCl2 battery varies 
significantly based 
on how the cell is 
manufactured and 
the quality of its raw 
materials. For example, 
a top-quality bobbin-
type LiSOCl2 cell can 
feature an annual self-

discharge rate as low as 0.7%, thus retaining nearly 
70% of its original capacity after 40 years. By contrast, 
a lower quality bobbin-type LiSOCl2 cell can have a 
self-discharge rate of up to 3% per year, resulting in a 
30% loss of available capacity every 10 years, making 
40-year battery life impossible.

Be aware that the performance differences between 
two competing bobbin-type LISOCl2 batteries using 
essentially the same chemistry may not become 
apparent for years, making it essential for design 
engineers to look beyond theoretical data to demand 
fully documented long-term test results, in-field 
performance data, and customer testimonials. 
Careful due diligence is especially important for long-
term deployments in remote locations and extreme 
environments.

Delivering high pulses to power two-way 
wireless communications 

A standard bobbin-type LiSOCl2 cell is not designed 
to deliver the periodic high pulses required for two-way 
wireless communications. This can be overcome by 
combining a standard bobbin-type LiSOCl2 cell with 
a patented hybrid layer capacitor (HLC). The standard 
LiSOCl2 cell delivers low daily background current when 
the device is in ‘standby’ mode, while the HLC works 
like a rechargeable battery to deliver periodic high 
pulses. 

Consumer products often use supercapacitors to store 
high pulses electrostatically rather than chemically. 
Supercapacitors are generally not recommended for 
industrial applications due to inherent drawbacks such 

as short-duration power, linear discharge qualities that 
do not allow for use of all the available energy, low 
capacity, low energy density (which causes bulkiness), 
and very high annual self-discharge rates (up to 60% 
per year). Supercapacitors that are linked in series also 
require the use of cell-balancing circuits that add to their 
cost and drain additional energy. 

Growth opportunities for energy harvesting

Certain wireless devices that draw moderate amounts 
of average daily current (milliamps) may be best suited 
for an energy harvesting device working in combination 
with a Lithium-ion (Li-ion) rechargeable battery to store 
the harvested energy. For example, small photovoltaic 
(PV) cells are commonly used for asset tracking 
applications as well as for powering remote wireless 
communications. Energy can also be harvested from 
equipment vibration, temperature variances, or RF/EM 
energy.

Consumer-grade rechargeable Li-ion cells may work 
sufficiently if the application calls for a maximum 
operating life of 5 years and 500 recharge cycles, a 
moderate temperature range of 0 to 40°C, with no 
ability to deliver high pulses. If the application calls for 
a long-term deployment in a remote location or extreme 
temperature, or high pulses are required to power two-
way wireless communications, then the application 
will likely require the use of an industrial grade Li-ion 
battery. Industrial grade Li-ion cells can operate for up 
to 20 years and 5,000 full recharge cycles, and feature 
an expanded temperature range of -40 to 85°C, along 
with the ability to deliver high pulses (5 A for a AA-size 
cell). (see Table 2)

These ruggedized cells are also constructed with a 
glass-to-metal hermetic seal that offers superior safety 
protection to the crimped seals found on consumer-
grade Li-ion batteries. 
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Conclusion 

Battery-powered wireless devices are being utilized throughout industrial automation and the IIoT, providing reliable 
power to support greater connectivity and interoperability, including two-way wireless communications. Industrial 
applications are often better served by industrial grade lithium batteries that can operate maintenance-free for the 
expected lifetime of the device, thus reducing the total cost of ownership.

TLI-1550	(AA) Li-Ion
Industrial	Grade 18650

Diameter	(max) [cm] 1.51 1.86
Length	(max) [cm] 5.30 6.52

Volume [cc] 9.49 17.71
Nominal	Voltage [V] 3.7 3.7

Max	Discharge	Rate [C] 15C 1.6C
Max	Continuos	Discharge		Current [A] 5 5

Capacity [mAh] 330 3000
Energy	Density [Wh/l] 129 627

Power	[RT] [W/liter] 1950 1045
Power	[-20C] [W/liter] >	630 <	170

Operating	Temp deg.	C -40	to	+90 -20	to	+60
Charging	Temp deg.	C -40	to	+85 0	to	+45

Self	Discharge	rate [%/Year] <5 <20
Cycle	Life [100%	DOD] ~5000 ~300
Cycle	Life [75%	DOD] ~6250 ~400
Cycle	Life [50%	DOD] ~10000 ~650

Operating	Life [Years] >20 <5

Table 2 Comparison of consumer versus industrial Li-ion rechargeable batteries
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Directory Listings

      POSITAL-FRABA Inc. 

POSITAL-FRABA, based in Hamilton New Jersey, specializes in encoders, kit 
encoders, inclinometers and linear position sensors for position and motion control. 
With over a million possible configurations available, machine builders, system 
integrators and end users can get sensors that meet their exact requirements, 
quickly and cost-efficiently.

      

      Sensor Scientific, Inc.

Sensor Scientific, working with our customers, design, develope and manufacture 
thermistors & temperature sensor assemblies for automotive, medical, aerospace, 
industrial and scientific applications.

Sensor Scientific Inc., 6 Kings Bridge Road, Fairfield, NJ 07004
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