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Abstract

• Continuous Distillation throughput can be limited by operational issues with product 
solidification (plugging) in interconnecting and downstream piping and equipment.  These 
events, while rare, have historically incurred high cost and lengthy timeframes to rectify –
reducing unit profitability.

• This presentation will examine specific operational upsets and the solutions plants 
implemented to eliminate or shorten future downtime occurrences due to plugging in 
tower bottoms and downstream lines.  We’ll also discuss general heating system design 
objectives that consider upset conditions to prevent issues and guard against and/or allow 
for quicker, more cost-effective recovery after events.



Agenda

• Distillation unit overview

• Thermal Objectives for process lines and associated heating systems 
– Steady state / normal operations

– Upsets

• Heating system performance comparison relative to thermal objectives

• Specific operational challenges and solutions employed to overcome

• Best Practices to prevent and/or allow quicker recovery from future occurrences



Background

• Distillation units – like most refinery units – maximize profitability through continuous 
operation.

• As the first step in the refining process, it is a critical gate to overall plant efficiency.  

• The general nature of the distillation process is to separate the lighter components of the 
crude oil supply from the heavier ones – the heaviest of which (bottoms) are drawn off the 
towers.  



Background

• FLOWING CONDITION = NO HEAT NEEDED:  Piping and equipment moving bottoms 
product between towers and downstream processing units typically do not need robust 
heating systems (in fact, most times no heat input at all) in order to keep process 
temperatures within an acceptable range during normal operation.

• However, these “heavy” hyrdrocarbons can present issues when their temperatures are 
allowed to drop – therefore, ensuring they stay hot is a priority.



Background

• ISSUES RARE:  With distillation units continuously running ~99% of the time, plugging and 
other temperature-related process issues are typically seen as anomalies when an upset 
does occur and flow stops.  However, these events can have major cost implications to 
rectify (as the most recent freeze situation in the US Gulf highlighted).

• We will provide a closer look into these “anomalies” and how heating technology 
selection, when properly applied, can yield quicker recovery from issues and reduced or 
eliminated downtime.  



Thermal Objectives

• First, let’s consider what we want the heating system to do – or said another way, what are 
the thermal objectives that would be most beneficial for Operations?

1. Maintain process temperature above its melt point (flowing condition)

2. Maintain process temperature above its melt point (no-flow condition)

3. Melt out process from ambient to normal operating temperature after complete 
solidification (ie: loss of utilities)

Next, we’ll review different types of heating systems available, followed by the 
pros/cons of each relative to these objectives…



Technology Choices
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Technology Choices – Tube Tracing

Convective Heating



Technology Choices – Enhanced Tube Tracing – TraceBOOST
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Technology Choices – Engineered Tracing – ControTrace

Conductive Heating



Thermal Objectives for Heating System – Flowing Condition (Steady State)

1. Maintain process temperature above its melt point (flowing condition)

2. Maintain process temperature above its melt point (no-flow condition)

3. Melt out process from ambient to normal operating temperature after complete solidification (ie: 
loss of utilities)

• Process movement between as well as downstream of distillation/vacuum columns rarely needs heat during 
normal operations.  There is inherent heat contained within the processes and the process movement does 
not require additional heat to ensure flowability, as shown below.



Thermal Objectives for Heating System – Flowing Condition (Steady State)

1. Maintain process temperature above its melt point (flowing condition)

2. Maintain process temperature above its melt point (no-flow condition)

3. Melt out process from ambient to normal operating temperature after complete solidification (ie: loss of 
utilities)

What does that mean?

• Simply stated, any heating system used to heat these lines will “work” – so long as the process is flowing.

• In fact, if it were possible to ensure continuous movement without risk of upset/stoppage, these lines could 
be insulated and left unheated permanently. 

Flowing condition = no heat needed!



Thermal Objectives for Heating System – Flowing Condition (Steady State)

1. Maintain process temperature above its melt point (flowing condition)

2. Maintain process temperature above its melt point (no-flow condition)

3. Melt out process from ambient to normal operating temperature after complete solidification (ie: loss of 
utilities)

How far can the process travel without heat?

25 miles travel 
before needing BTUs

Bottoms/vacuum residuum flowing through insulated piping without heat



When Do We Need Heat?

• Heating becomes critical when the normal operation is compromised due to an upset and 
the process stops flowing.

• Upsets can occur through several causes – including component malfunction such as 
pumps or other rotating equipment failure as well as loss of utilities. 

• When the upset occurs and process flow stops, BTU delivery is now needed to keep the 
process liquid and prevent viscosity-related issues from occurring. 

• During these events, the heating system capability is quickly put to the test.  



Thermal Objectives for Heating System – No-flow Condition (Upset)

1. Maintain process temperature above its melt point (flowing condition)

2. Maintain process temperature above its melt point (no-flow condition)

3. Melt out process from ambient to normal operating temperature after complete solidification (ie: loss of 
utilities)

• More difficult to do

• System must be modeled to add BTUs as needed to keep temperatures above desired minimum

• Must consider thermal capability of technology to ensure enough heat input can be achieved to offset losses 
to ambient and achieve thermal objective

Inadequate 
thermal 
capacity (TT)

Adequate thermal 
capacity (enhanced TT 
or ControTrace)

Heat Loss Through Insulation
q = U∙A∙ΔT

Heat Loss Through Insulation
q = U∙A∙ΔT



No-Flow Thermal Analysis – Heat Loss Over Time

• Heat loss chart (stagnant process; no flow)

If tracing can’t 
maintain temperature 

during no-flow,
it also can’t melt out!

melt point

Design conditions:
• 4” NPS pipe
• One tracer run of 

each technology
• 150 psig steam 

heating medium
• 2” thick insulation

Time to solidification (ambient to 300F) – by technology:
• Tube Tracing (TT):  
• Enhanced Tube Tracing (TraceBOOST):  
• Engineered Tracing (ControTrace): 

15hrs
stays liquid indefinitely 

stays liquid indefinitely

No Heat:  14.5hrs



Thermal Objectives for Heating System – Plugged Condition (Upset)

1. Maintain process temperature above its melt point (flowing condition)

2. Maintain process temperature above its melt point (no-flow condition)

3. Melt out process from ambient to normal operating temperature after complete 
solidification (ie: loss of utilities)

• Most difficult to do

• Requires a robust heating system to accomplish – especially if melt out is desired 
within a specified timeframe Heat Loss Through Insulation

q = U∙A∙ΔT



Melt Out Condition – Timeframe Analysis by Technology

• Heat gain chart (plugged process; melt out)

Melt-out timeframes (ambient to 300F) – by technology:
• Tube Tracing (TT):
• Enhanced Tube Tracing (TraceBOOST):  
• Engineered Tracing (ControTrace):  

melt point

Design conditions:
• 4” NPS pipe
• One tracer run of 

each technology
• 150 psig steam 

heating medium
• 2” thick insulation

not possible
2.7hrs

1.2hrs



Melt Out Condition – Historical Remediation Methods

• Emergency call to electric heat blanket vendor (to melt out lines)
– Remove insulation

– Call heating company; on-site truck(s); daily rate

– Re-insulate

– Lost production time / throughput

• Line flushing
– “Cutting” process lines with finished products to circumvent plugging

– Resources must be dedicated to move / store flushed mixture (tanks, rotating equipment, etc.)

– Flushed product must be re-processed for a second time, robbing efficiency

– Lost production time / throughput

– Short period of time to flush, demanding attention from Operations (when they could/should be focused 
on other activities related to shutdown or upset)

• Mechanical removal
– Not as prevalent, but presents safety issue if employed



Areas / Applications

• Areas / Applications:
– Bottoms piping (between towers, 

tanks, equipment)

– Pump suction/discharge lines

– Valve control and distribution 
stations

– Bypass lines

– Storage tanks

BEFORE

AFTER

TT and ET

Engineered Tracing



Issue – Melt Out Capability – Client A

Bottoms/Vac Resid Melt Out Application

• Approximately 3,600’ 10” NPS Piping​

• Original technology (TT) could not provide melt out after upset / solidification

• Change in technology (to enhanced TT) achieved process heat up from ambient to 325F 
within 24 hours using 125psig steam

Original Technology Revised Technology

Melt out capability = NO Melt out capability = YES

Tube Tracing Enhanced Tube Tracing



Issue – Maintain Temp During No-flow and Melt Out Capability – Client B

Coker feed pump suction/discharge lines

• Pumps were problematic and failed often

• Original technology (TT) could not keep process from solidification during no-flow or provide melt out after 
upset / solidification

– Each event required melt out activities, including
• De-insulating and re-insulating piping

• Engaging heating company to melt out lines

– Remediation cost to refinery was estimated at $2MM

• Change in technology (to engineered tracing) achieved both thermal objectives – while paying for itself 
within 1-2 months in operation

Original Technology Revised Technology

Maintain process temp when stagnant 
and melt out capability = NO

Maintain process temp when stagnant 
and melt out capability = YES

Tube Tracing Engineered Tracing



Issue – Maintain Temp During No-flow and Melt Out Capability – Client C

Bottoms/Coker line flushing as part of shut down / turnaround activities

• Original technology (TT) could not keep process from solidifying during shut down / turnaround activities, so 
flushing procedure was enacted to enable quicker restart

• Change in technology (to engineered tracing) allowed the plant to abandon the flushing process – saving 
time and costs associated with both flushing and re-processing the cleared product

• A few years after start-up with the new system, a plant-wide power outage occurred and, during the refinery 
re-start, the line was the first in the plant to regain process temperature

Original Technology Revised Technology

Maintain process temp when stagnant 
and melt out capability = NO

Maintain process temp when stagnant 
and melt out capability = YES

Tube Tracing Engineered Tracing



P&ID Language – How to Prevent Future Issues

• Liquid process heating systems have historically been designed for the flowing condition.  

• This presentation provides information supporting a paradigm shift toward no-flow and 
melt out as more effective design conditions for selecting liquid heating systems.

• The best way to minimize operations cost, reduce downtime, and maximize throughput is 
to include P&ID notation that addresses the upset conditions discussed herein.

• An example for bottoms product is included below….
– Thermal Objective:  Heating system to maintain minimum process temperature of 325F at all times and

melt out from ambient to 325F within 12 hours after loss of utilities.  Heating system vendor to provide 
calculations showing compliance.

**This satisfies ALL (3) thermal objectives and provides governance to ensure the heating system 
vendor confirms compliance.



Conclusion

• The best way to reduce/eliminate downtime is to design heating systems to address (3) thermal objectives:

• As nearly all processes do not need heat during steady-state flow, heating system design should not be 
restricted to just the flowing condition – but rather no-flow and melt out.

• Selection of heating systems based on no-flow and melt out performance will ensure the plant prevents 
unnecessary downtime as well as recover quicker (and more cost-effectively) from events that result in 
process solidification – maximizing throughput and profitability.

Thermal Objective:
1- Maintain process temperature above its melt point (flowing condition)
2- Maintain process temperature above its melt point (no-flow condition)
3- Melt out process from ambient to normal operating temperature after  
complete solidification (ie: loss of utilities)

Heat needed:
NO
YES
YES



CSI/Ametek – Thank You

CSI/Ametek is a technology-neutral engineered solutions provider focused on helping solve our client’s 
most challenging issues.  We specialize in liquid and vapor heating systems and specialty products that 

address plugging and corrosion throughout refineries and chemical plants.  We welcome the 
opportunity to assist with finding solutions to problems affecting safety, maintenance, and throughput.

Thank You!

Questions?

bruce.thacker@ametek.com / www.csiheat.com 
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