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Process Analytical Systems – A Long History 

• Late 1930s:  First analyzer implemented at I.G. 
Farbenindustrie in Germany 
 
 
 
 
 
 

• 2014:  Annual global process analytical instrumentation 
business is estimated to be $7.9 billion* 
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* PAI/2016, The Process Analytical Instrument Market (2014 to 2020), published by PAI Partners, March 2016 

Presenter
Presentation Notes
75 years after first analyzer installation, PAI is an $8MM global business!



Why Use Process Analyzers? 

• Make  process operations 
more profitable 
– Closed loop control to meet 

product specifications 
– Plant monitoring and alarms 
– Emission control 
– Documentation 

• Custody transfer 
– Product quality 

 

Presenter
Presentation Notes
Process AnalysisProcess analytical equipment is an indispensable part of any chemical plant or refinery because it provides the operator and the control system with key data from the process and its environment.Process analysis is used in four important ways.



Process Analyzer Systems 

Process 

Analyzer 

To DCS 

Sample 
Conditioning 

Presenter
Presentation Notes
Process Analyzer Systems consist of 4 parts:  Process, Analyzer, Sample Conditioning and communications to control systems.  All 4 must work together to have an effective PA system. 



System Dichotomy 

Amount of 
Maintenance 

Required 

Diagnostics 
and Other 

Tools 
Analyzer Relatively low Relatively high 

Sampling System Relatively high Relatively low 
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As a result, sampling systems represent: 
• Least reliable part of the system 
• Least predictable part of the system 
 
 

Presenter
Presentation Notes
Yet sample conditioning piece has been the poor sibling to the analyzer.  SCS requires 80% of the maintenance in the PA System, yet has only been given small fraction of the diagnostics and intelligence resident in analyzers.



Sampling Systems 2009 – “An Anachronism”   

• In 2009, Rob Dubois (retired Dow Canada), an early 
leader in the development of NeSSI, stated: 
– “Sampling systems are one of the last bastions of manual 

operation left in a modern processing facility.  Why does 
process analytical remain an anachronism in a sea of 
automation?” 
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“Rethink Sample System Automation”, Robert N. Dubois, Chemical Processing, May 2, 2009. 



Sampling Systems 2016 – Some Progress  
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Presenter
Presentation Notes
Smart systems using either conventional or NeSSI components.  Smart does not necessarily mean NeSSI!



Technology Adoption Curve  
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The 
chasm Smart 

Sampling 
Systems 

Moore, G., “Crossing the Chasm: Marketing and Selling High-tech Products to Mainstream Customers”, 1991 

Presenter
Presentation Notes
Smart sampling systems still is early in the technology adoption curve – it has yet to reach the early majority mainstream.



And Yet… 

• Money is spent to upgrade/replace the analyzer, but the 
sampling system is often left as is 
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Presenter
Presentation Notes
End users value the analyzer, but pay less attention (or even forget) the sample conditioning system.  SCS is like the Rodney Dangerfield of Process Analytics – it gets no respect!



A Confluence of Challenges & Opportunities 
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Source:  Presented by Rod Spitler of Dow Chemical at ISA-AD Conference, May 2014 

Presenter
Presentation Notes
This slide from Dow Chemical summarizes the challenges (and opportunities) surrounding Process Analytics:  obtaining/developing the right people to execute projects using the available technology to obtain analyzer reliability/credibility.   



Process Analytic Challenge – Analyzer 
Reliability   
• Highly dependent on the 

sampling system! 
• If no flow to analyzer, no 

feedback to process control 
system 

• How do you know if product is 
on-spec? 

• What would it cost if you have 
to reprocess that material? 
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Presenter
Presentation Notes
Key challenge that process customers tell us:  lack of consistent flow to analyzer.  Without analyzer feedback, users are running blind. One refinery diverts product when an analyzer is off-line, rather than risk pumping off-spec product into a pipeline.  Estimate cost at $1 million per hour!



Why Use Process Analyzers? 

Real-time! 

• Make  process operations 
more profitable 
– Closed loop control to meet 

product specifications 
– Plant monitoring and alarms 
– Emission control 
– Documentation 

• Custody transfer 
– Product quality 

 

Presenter
Presentation Notes
Recall this previous slide about why use Process Analyzers.  Note that 3 of the 4 activities are critical while the process is operating!  The 4th, “Documentation” is more likely used after the fact. 



Time Value of Information 
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Keyes, M.A., “Strategic Process Management”, Bailey Controls Technical Paper 88-7, 1989.  

Presenter
Presentation Notes
Value of information decays exponentially during process run time to a residual value of as little as 14% for retrospective data (value for historical costing, reporting, and future guidance)



Process Analytic Challenge:  Analyzer 
Credibility  
• The analyzer is working fine, 

but not following the process   
• Maybe the fast loop flow is 

not so fast.  Do you know?  
• How many unnecessary 

analyzer calibrations could 
be avoided? 

• How much could plant yield 
be improved? 
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Presenter
Presentation Notes
Customers get results but not following process.  Step 1, recalibrate analyzer – see that it is working fine.  Issue with sampling system.  Not a fresh sample from fast loop?  Old sample?  Could reduce # of analyzer recals or improve plant yield (could make the green band in the photo above tighter) by getting a good sample – less product giveaway.



Value of Operability Improvements 

• 2016 ISA-AD Presentations  
– Tighter control of a gasoline blending operation, yielding 

an estimated payback of $1.6M/year 
– Satisfy operational requirements on an FCCU regenerator 

flue gas line with only 1.4% RATA downtime  
– “The ability to monitor the blend in real time and to perform 

closed-loop control trimming of the butane fraction can 
lead to improved product quality and profitability.” 
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• Reed, R., Alvarez, M. and Brumfield, L., “Refinery Process Control Applications Using Fast Simulated Distillation 
Process Chromatography to Enhance Profitability” 

• Meeks, J. and Eskridge, D., “Continuous Emission Monitoring on an FCCU Regenerator: A Case Study”  
• Arenes, J.C and Simmonds, “A Review of Gasoline Blender Optimization Through Online Analysis of Vapour Pressure” 



Process Analytic Challenge:  Productivity 
• Can only identify if a conventional 

sampling system is working by visual 
inspection 

• No action is needed 63% of the time! 

• How much time could be saved if 
you knew what maintenance action 
was needed before going to the 
site?  

• What activities could be 
accomplished using the time 
savings? 

• Could plant safety performance be 
improved by fewer visits onsite in the 
process units? 
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Presenter
Presentation Notes
Send techs out to visually inspect various locations on a regular basis (by shift, hourly, daily).  Time could be spent doing more useful activities.  If they knew a problem existed, they could take the tools to make the repair. – time savings translates into $$ savings.  Safety could improve because of less maintenance calls.



Smart Sample System Cabinets 
(Class 1 Div 1 inside cabinet) 

Power/Com Cabinet, 
inside or outside  
(Class 1 Div 2) 

Analyzer House (Class 1 Div 2) 
Control Room , Analytical Reliability 

Center or Maintenance Center 

Plantwide 
LAN 

Intrinsically 
Safe 

Comms & 
Power 

Analyzer House of the Next Decade 

Historian software such as: 
• Siemens ASM 
• ABB STAR 
• Invensys AMADAS 
continuously monitors 
analyzer and sample 
system data enabling 
predictive maintenance. 

© 2015 Swagelok Company. 

Presenter
Presentation Notes
Paints overall picture.  Analyzer is in the shed.  Blue boxes are sample systems and this is a hazardous location which contains sample system components and smart products.  Blue lines are the fieldbus network (power/com).  Connects to power/com cabinet.  Power/com communicates to plantwide network via green line.  Data is now available for use throughout the plant in control room, can also be stored in a data historian software package to create trends, manipulate data, or draw conclusions for predictive maintenance and correlate analyzer results with sample system results.  See where things line up.



One Minute of Collected Data 

18 

Date Time Day/Time LA_FLOW_SCFH LA_PTX_UP_P_PSI LA_PTX_UP_T_C LA_PTX_DWN_P_PSI LA_DP_PSI
11/21/2014 12:24:11 11/21 12:24:11 1.30E-41 16.0127 22.1487 15.3118 0.7009
11/21/2014 12:24:16 11/21 12:24:16 6.10E-42 21.3992 25.4079 19.8159 1.58323
11/21/2014 12:24:21 11/21 12:24:21 6.09E-42 21.3799 25.4079 19.8044 1.57553
11/21/2014 12:24:26 11/21 12:24:26 6.08E-42 21.4127 25.4079 19.841 1.57167
11/21/2014 12:24:31 11/21 12:24:31 6.11E-42 21.4242 25.4079 19.8371 1.58708
11/21/2014 12:24:36 11/21 12:24:36 6.12E-42 21.43 25.4079 19.8391 1.59093
11/21/2014 12:24:41 11/21 12:24:41 6.14E-42 21.4261 25.4079 19.8429 1.58323
11/21/2014 12:24:46 11/21 12:24:46 1.35E-41 21.43 25.4079 19.8391 1.59093
11/21/2014 12:24:51 11/21 12:24:51 1.35E-41 21.4454 25.4079 19.8564 1.58901
11/21/2014 12:24:56 11/21 12:24:56 1.35E-41 21.4454 25.4079 19.868 1.57745
11/21/2014 12:25:01 11/21 12:25:01 1.35E-41 21.4146 25.4079 19.8275 1.58708
11/21/2014 12:25:06 11/21 12:25:06 1.35E-41 21.4281 25.4079 19.8468 1.5813

© 2015 Swagelok Company. 

Presenter
Presentation Notes
Lots of data compared to a couple of data points collected during each walk-by.  Nobody is going to look at data like this.



Turn Data Into Information 

 
 

Sampling Location 1 

 
 

Sampling Location 2 
 

 
 

Sampling Location 3 
 

 
 

Sampling Location 4 
 

 
 

Sampling Location 5 
 

 
 

Sampling Location 6 
 

 
 

Sampling Location 7 
 

 
 

Sampling Location 8 
 

 
 

Sampling Location 9 
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Presenter
Presentation Notes
Instead, we can turn that data (what is the flow rate in Sampling Location #5) into information (there is an issue at Location #5 that needs attention).  Go directly to problem area, rather than regular walk-by’s.  Fewer visits = better plant safety over time.



Go Directly To The Issue 
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Presenter
Presentation Notes
Drill down screens allow the technician to see the problem and take the right tools or spare parts to the Location. 



Trends Tell A Story  
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Presenter
Presentation Notes
Trend displays are also useful. In this case, the user was able to visualize the operation of a blow back system.  They had forgotten it was there, let alone if it was working!



Insights Into Operational Improvements 

22 © 2015 Swagelok Company. 

Opportunity to do 
flow-based instead of 
scheduled blowback 

Better understanding 
of post-blowback 
operation could yield 
improvements 

Presenter
Presentation Notes
We talked about importance of consistent flow to the analyzer.  Here is an expanded view of flow trend data.  Flow declines prior to blowback and then rebounds after blowback is completed.  2 what-if scenarios:  what if we perform blowback based on loss of flow rather than straight timer?  Are there adjustments we can make to blowback equipment or procedure so that flow would reach steady-state condition more quickly after blowback?



  Long-Term Benefits  

• Improved measurement validity and reliability 
– Validity assured during upsets, bad weather or storm conditions, 

holidays and other times of lowered maintenance 
– Increases analyzer uptime and credibility 

• Maintenance cost reduction 
– Continuous monitoring of system automatically vs. periodic check by 

human walk-by 
– When maintenance is required, personnel know maintenance situation, 

parts and tools required before going out to system 

• Personnel safety  
– Fewer visits to sampling locations  

 

Presenter
Presentation Notes
We’ve talked about improved measurement validity and reliability, reduction in maintenance costs, and safety.  These are all long-term benefits, but… 



Lower Total Cost of Ownership 
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“The Benefits of an Automated, Networked Approach to Sampling Systems”, Swagelok, 2015 

Presenter
Presentation Notes
Reduction in wasted walk-bys (less time spent monitoring sampling locations = more locations that can be covered with same personnel) results in lower total cost of ownership, with payback within 2 years.



What is Hampering Adoption? 
• Payback period is less than 2 years, but… 
• Procurement is rewarded for savings on the initial 

purchase price 
– Do not really care about total cost of ownership 

– ‘Soft benefits’ do not matter 

– Must show tangible cost savings 

• We must show how smart sampling systems can 
improve plant profitability 
– Constant flow to analyzer (increase analyzer uptime)  

– Analyzers follow the process (tighter control) 

– Fewer visual inspections (better use of technician time; improved safety) 
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Our Role  

• We all (end users, EPCs, integrators, suppliers) must 
look for the “better way” and proactively sponsor change 
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Smart 
Sampling 
Systems 

Presenter
Presentation Notes
Per Tom Peters’ “In Search of Excellence”, 85% of commercially successful ideas (products, processes, systems) come from customers.  All of us need to be involved in finding better ways within the process analytic space.



Summary & Conclusions 

• We have made some progress toward smarter sampling 
systems – but not mainstream yet 

• Smart sampling systems provide an opportunity to 
increase end user profitability 

• Challenges remain in adopting smart sampling 
technology  

• We can overcome these challenges through our 
collective energy, creativity and enthusiasm 

• Let’s not allow sampling systems to be an “anachronism”  
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Thank you for your attention!  

 
Dean Slejko 

Swagelok Company 
dean.slejko@swagelok.com 

Cell:  440-214-0261 

© 2014 Swagelok Company.  Swagelok confidential.  For internal use only 28 

mailto:dean.slejko@swagelok.com

	Smart Sampling Systems:�Successes and Challenges  
	Process Analytical Systems – A Long History
	Why Use Process Analyzers?
	Process Analyzer Systems
	System Dichotomy
	Sampling Systems 2009 – “An Anachronism”  
	Sampling Systems 2016 – Some Progress 
	Technology Adoption Curve 
	And Yet…
	A Confluence of Challenges & Opportunities
	Process Analytic Challenge – Analyzer Reliability  
	Why Use Process Analyzers?
	Time Value of Information
	Process Analytic Challenge:  Analyzer Credibility 
	Value of Operability Improvements
	Process Analytic Challenge:  Productivity
	Analyzer House of the Next Decade
	One Minute of Collected Data
	Turn Data Into Information
	Go Directly To The Issue
	Trends Tell A Story 
	Insights Into Operational Improvements
	  Long-Term Benefits 
	Lower Total Cost of Ownership
	What is Hampering Adoption?
	Our Role 
	Summary & Conclusions
	Thank you for your attention! 

