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Practical science, technology and knowledge 

services for the food and drinks industry 

400+ staff across 3 sites  

We’ve been around for 

 almost 100 years 
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We work with industry worldwide 

The top  

7 UK retailers 

8 of the 10 top  

Global manufacturers 

Many of the world’s 

biggest brands 

2,400 members 

75 countries  
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A great network 

Trade Associations 

Editorial Boards 

NGOs 

Government 
Departments 

Committees 

Government 
Agencies Standards 

Organisations 

Funding  
Bodies 

Universities 

RTOs 

Professional 
Bodies 
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Flora and Graham 

We are part of the Process Support team: 
 Conduct Thermal Process Validation trials: 

 All sorts of continuous and batch cookers: hydrostats, retorts and ovens 
 Aseptic and non-aseptic, Sterilisation and pasteurisation, high and low 

water activity 
 Conventional and ‘new’ technologies: steam retorts to pulsed electric field 
 All sorts of package formats: ‘bare meat’ to plastics 
 UK, EU and around the world 

 Use physical measurement techniques: Thermocouples, RTDs; single 
and multi-channel data loggers 

 Use TTIs: enzyme based systems for use in pasteurisation situations 

 Join with Microbiology group to use microbial surrogates in-plant 

 Audit manufacturing sites and 3rd party process validations on behalf 

of importers and retailers 

 Contribute to Training Courses: 
 In-house ‘standard’ courses 
 Campden BRI Academy company- specific bespoke training 
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Our Brief for today 

 To offer a view from Europe 
 where food safety has the same priority but regulatory regimes are a 

little different 

 To offer some views on Section 5 of the IFTPS guidelines 
 and offer some of our experiences with Heat Distribution studies 
 and to bring you news and feedback from our bit of the industry 

 To be slightly provocative … 
 to pose some difficult questions to promote discussion in the 

auditorium … and at the bar! 

 To offer some pointers to some of the answers 
 and to offer collaboration and support from our side of the water 
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Some Definitions – for now … 
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Temperature An indication of the energy level within a body (°C or °F)  

Temperature 

change 
A body’s response to the passage of heat through it (C° or F°) 

Heat An energy form transmitted between molecules by collision 

Thermal 

diffusivity (α) 
The rate at which heat moves through a body (cm2/sec or 

in2/sec) 

fh or f 1 

‘Heating Rate Index’ :The time required to reduce the 

difference between cooking temperature and the 

temperature at a given point, by 1/10th its value at the 

beginning of the time interval (minutes) 

Temperature 

Distribution 

The variation in temperature with space within a cooker at a 

moment in time 

Heat 

Distribution 

The change in fh (or f) with space within a cooker at a 

moment in time 

1: Ball & Olson (1957) Sterilisation in Food Technology, McGraw-Hill 



Initial thoughts 

 What’s the difference: Temperature or Heat Distribution? 
 Can we solve a couple of other issues at the same time? 

 Is there an issue with air in a cooker? 
 Of course – air cannot deliver the same quantity of heat as steam and 

superheated water … but is it significant? 

 How should Campden BRI interpret the IFTPS Guidelines? 
 We are required to publish UK Industry Guidelines ….. Help! 

 Sensitivity: Experimental error versus Success Criteria 
 Where do we draw the lines? 
 Why CV<5% for success – is it cooker type specific? 

 Is HD only for Steam / air overpressure retorts? 
 How do other systems respond to entrained air? 

 Significance and relative impact of air in a cooker 
 Compared to say pressure induced variations in pouch geometry 
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Heat distribution 

30 HIUs: 
fh=23min 

CV=2.2% 

Temperature vs Heat distribution: either or both? 

Temperature Heat 

Temperature with 

position and time 

Heat transfer rate with 

position and time 

Sensitive to time and 

(control) transients 

Integrates over cycle but 

sensitive to trends 

Limited use beyond first 

few minutes (say 5 min) 

Sensitive only during 

constant cooker temp 

Relative to Set Point &  

MTI 

Sensitive to cooker control 

performance 

Indicates venting 

performance 

Calculations can be 

subjective 

Temperature distribution 
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‘cell’ address in 

6 x 4 matrix 

Tray / level 

Basket 



Object j @ ctr 

Infinite slab 1.27 

Finite cylinder 2.04 

Infinite cylinder 1.60 

Sphere 2.00 

Brick 2.06 

Ball & Olson1 fh j 

Position in object Invariant Varies 

Thermal diffusivity of object Varies Invariant 

Initial temperature distribution Invariant Varies 

Calculating fh – will it always be subjective? 
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1: Ball & Olson (1957) Sterilisation in Food Technology, McGraw-Hill 

Any new spreadsheet techniques to calculate fh? 

 When I was 3 years old: Ball & Olson1 suggested  
“… for the present, only straight line approximations will be considered” 

 Graphical approaches in 2016 use a computer; 
 we now ‘pick’ 2 points on the ‘asymptote’ by eye and the computer 

draws a straight line 
 nanos gigantum humeris insidentes 

 Calculating fh relies on: 
 solid conduction heating HIUs 
 constant cooker temperatures 
 constant proportion of air in the cooker 

 Calculate j to help corroborate fh  
 established via block geometry  
 BUT: Not all cookers vent the same – if at all 
 so projecting a ‘j-origin’ during CuT is subjective too 



‘The question of air’: Due Diligence and UK Law 

 Air at sterilising temperatures delivers perhaps 1/1000th of 
the energy delivered by saturated steam or superheat 
water 

 Potential food safety issue : requires understanding 

 UK Food Safety Act 1990: Due Diligence Defence 
 Under section 21 in any proceedings for a relevant offence it is a 

defence for the person charged to prove that he took all reasonable 
precautions and exercised all due diligence to avoid the commission 
of the offence by himself or any person under his control. 1 

 it has been held that the extent and level of checks carried out 
depends on the size and resources of a company. 1 

 ‘The question of air’ needs to be addressed and resolved to 
maintain the Due Diligence Defence 

 Campden BRI HPF MIG is supporting investigations 

 Processors are conducting Heat Distribution studies 
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1: The Society of Food Hygiene and Technology, 2009 



Campden BRI approach 

 Broadly in line with Section 5 but: 
 ONLY use engineered plastic simulants (HIUs) 

 Casting clay and silicone elastomers is not so 
reproducible 

 Use local environment loggers for every HIU 
 Avoids fh calculation errors if only the MTI is used 

 Include loggers at MTI & control probe 

a 5 basket retort requires at least 53 loggers! 
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 Avoids steady-state lag in control systems and helps sync process timing 

 Corroborate with pressure and heating media flowrates if possible 
 Understand linkages between energy input and heat distribution to help 

minimise variation 

Should HIUs mirror actual product? 



 Practical Problem:  
 Enough identical HIUs – but Not enough 

identical loggers (probe length: 19 loggers 
@ 35mm and 11 loggers @ 25mm) 

 Same issue: probe diameter 2mm vs 2.5mm 

 Result = different fh values! 

 BUT fh=f(geometry, thermal diffusivity) ONLY 

 Cause: 
 Different conduction errors influence 

apparent thermal diffusivity 

 Faster heating apparent due to 
conduction heat arriving at probe tip 

 Slower heating via longer or larger 
diameter probes (more surface area to 
dissipate conduction heat) 

 Evidence: 
 Numerical model ‘simulates’ conduction 

error 
 

 
IFTPS Symposium, Feb 2016:  Heat Transfer Distribution as an 

Extension of Temperature Distribution Studies 14 

Dissimilar Loggers 

19 HIUs 

@35mm 

fh=24.2min 

CV=0.9% 

11 HIUs 

@25mm 

fh=22.4min 

CV=1.3% 

Mean: 

fh=23.6min 

CV=1.5% 

What’s an acceptable tolerance for fh & α? 



 2D Finite element Model compares short and long probes 
 Facilitates fh calculation to compare with measured values 
 Constant properties: materials (HIU, logger, heat-sink compound) 
 Convective boundaries at outer surface, hybrid meshing 

 Flexible boundary conditions inc external surface heat 
transfer coefficient (h) 
 Allows backward calculation to deduce apparent ‘h’  
 Adjusting boundary values to sync with reality 

 Achieves close fh values: 
 

Numerical model to explain conduction error 

IFTPS Symposium, Feb 2016:  Heat Transfer Distribution as an 

Extension of Temperature Distribution Studies 
15 

fh=22min 

fh=18min 

25mm probe 

35mm probe 



Take a good retort (%CV(fh)=2.2%) and add temperature 
measurement error: 

Impact of temperature measurement error 
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‘error’ %CV Conclusion 
±0.10°C 2.82% Good 

±0.20°C 2.94% OK 
±0.30°C 3.41% errrrmm 

±0.40°C 4.56%  a bit ‘iffy’ 
±0.50°C 5.65% Poor 

Measurement 

error = ±0.5°C 

Measurement 

error = ±0.05°C 

Conduction error: 

apparent 

Conduction error: 

overwhelmed 

Should we ‘calibrate’ all HIUs in 

one spot in the actual retort, 

before distributing throughout 

the load? 



Impact of air on fh and F0 – Pilot scale studies 

Style Time / temp Pressure % air1 fh j Time to F0>3min 

Pure steam 

60min @ 

121.1C 

No over pressure None (?) 20.7min 1.3 25.9min 

Steam / air 
1.5bg 18% 21.7min 1.3 27.1min 

3.0bg 49% 22.2min 1.3 27.8min 

Raining Water 
1.5bg 18% 21.2min 1.3 26.2min 

2.5bg 42% 22.2min 1.3 27.7min 

 Observations so far:  
 Presence of air reduces heat transfer rates (extends fh) – a little 

 49% air extends time to F0>3min by 1.9min – all else equal 

 Little if any difference between Steam / air and Raining water 

 Difficult to calculate fh (and j) consistently – subjective asymptote 

 On-going studies: 

 At Campden: Ramped temperature and pressure profiles, Commercial cookers 

 At Steriflow, France: Looking directly at impact of pressure on F0, none seen so far 

although fh may be influenced 

1: Dalton’s laws of partial pressure 

What do we miss if we don’t study Heat Distribution?  
 Lab trials using identical loggers in PP blocks and several replicates have shown: 

based on the same 

Pure Steam time / 

temperature profile - 

using CTemp to 

calculate lethality for 

different fh values 

IFTPS Symposium, Feb 2016:  Heat Transfer Distribution as an 

Extension of Temperature Distribution Studies 
17 

Has anyone else made these sorts of observations? 



type temp 
shell 

pressure % air 
Average 

fh SD %CV 

Steam / air 121°C 2.0bg 32% 22.9min 0.493 2.2% 

fh tends to 

increase 

with 

proportion 

of air 

Steam / air 121°C 2.0bg 32% 23.0min 0.517 2.2% 

Steam / air 121°C 2.0bg 32% 22.7min 0.560 2.5% 

Steam / air 121°C 2.0bg 32% 22.3min 0.557 2.5% 

Steam / air 121°C 2.0bg 32% 23.1min 0.681 2.9% 

Steam / air 123°C 2.4bg 36% 23.7min 0.291 1.2% 

Steam / air 123°C 2.4bg 36% 23.1min 0.338 1.5% 

Steam / air 123°C 2.4bg 36% 23.2min 0.341 1.5% 

Steam / air 123°C 2.4bg 36% 22.7min 0.374 1.6% 

Raining Sterilisation 122°C 2.4bg 38% 21.2min 0.662 3.1% 
fh seems 

unaffected Raining Pasteurisation 110°C 1.6bg 46% 21.0min 0.799 3.8% 

Raining Pasteurisation 110°C 1.6bg 46% 19.7min 0.756 3.8% 

Impact of air on fh– Full scale studies / reviews 

 2 Retort styles: 
 9 x Steam / air retorts: similar pouch / product, 2 x cook profiles 

 Ramping to 121°C & 2bg and Ramping to 123°C & 2.4bg  

 Raining water retort: sterilisation and pasteurisation : same retort 
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Is there a rate 

limiting factor 

controlling 

heat transfer 

rates? 
 

Heat availability 

at HIU surface 
 

OR 
 

Heat absorbed 

by HIU 

Why is the raining retort different? 

(Same HIUs & loggers) 



 Initial result: %CV<1.6% both 
pasteurisation & sterilisation 
 Note Calib: %CV=0.9% and 1.1% 

when all HIUs logged in same position 
 Adjusting SD and calculating via 

Variance 

 Post calibration: 

Impact of ‘calibration’ on full-scale retort performance 
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Pre-’calibration’ Post ‘calibration’ 

SD average %CV SD average %CV 

Pasteurisation Calib 0.169 19.6min 0.9% 

1.6bg run 1 0.229 20.1min 1.1% 0.155 19.9min 0.8% 

run 2 0.350 21.4min 1.6% 0.307 20.5min 1.5% 

Sterilisation Calib 0.228 20.9min 1.1% 

2.4bg Run 1 0.352 21.5min 1.6% 0.269 21.2min 1.3% 

 %CV improved slightly – better reflects retort performance 

Is it fairer on the retort? 



IFTPS Symposium, Feb 2016:  Heat Transfer Distribution as an 

Extension of Temperature Distribution Studies 
20 

When may Heat Distribution studies be appropriate? 

Cooker type View? 

Sterilisation Yes potential variable 

delivered lethality Pasteurisation Yes 

Over pressure Steam / air  Yes 

Over pressure superheated Raining water Apparently current trials 

Over pressure superheated water spray Probably no reason why not 

Over pressure superheated water immersion Why not variable water flowrate 

Agitating and static cookers Of course interesting mechanical 

impacts Batch and continuous cookers Yes 

All closed-vessel systems Probably certainly looks like it! 

Atmospheric pressure cookers Probably it’ll be difficult to calculate 

steam & air proportions Open tunnel systems Probably 

Cooking rigid containers Yes variable heating media 

Cooking semi-rigid and flexible containers Yes volume interactive 

Will there ever be ‘marginal benefit’? 



Relative significance (in terms of delivered lethality) 

Pilot scale study on air concentration:  
 49% air extends time to F0>3min by 7% (~2min in 30min) – all else equal 
 Is this within conventional lethality ‘safety’ limits or within ‘worst-case’? 

Impact of headspace volume on lethality can be critical: 
  33% lethality lost 

 150g baby food pouch 
 Identical fill conditions 
 Same retort, same time 

 Not all pouch sealing machines displace headspace air 
 Not all retort trays constrain pouch geometry 

Some situations require additional headspace: 
 

Frame 
Height F0@EoH 
41 mm 3.2 min 
56 mm 5.8 min 
66 mm 10.4 min 

 Facilitate movement in agitated processes 
 Facilitate particulate surface contact with internal 

heating media 
 Significant impact if headspace restricted (eg: up to 70%) 

Headspace F0@EoH fh F0 loss 

displaced 53.2min 14.4min   
Not displaced 35.5min 22.2min 33% 
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Some things can have far more significant consequences! 



Some more thoughts – far from final … but perhaps for now 

 If there are always conduction errors – what is the true fh? 
        … and do the errors matter in Heat Distribution studies? 
 Don’t matter in HD if all HIUs are identical and all loggers are identical 

(errors cancel out?)  – or some form of compensation is in use 

 Should Pure Steam retorts be exempt? 
 we define the end of vent in terms of temperature so should we switch 

to %CV(fh)<5% via HIUs 

 How do we cope with overshoot Come-Ups, ramped 
temperature profiles and ramped pressure profiles? 
 Do we have robust calculations to provide a single approach? 

 Do the Guidelines ‘fit-all’ or do they need to be even more 
prescriptive? 
 Where are the ‘watch-outs’ and what are the ‘work-arounds’? 
 How do we ‘validate’ the protocol? 

 

IFTPS Symposium, Feb 2016:  Heat Transfer Distribution as an 

Extension of Temperature Distribution Studies 
22 

The Perennial: Does Heat have momentum? – One for the Bar! 



Thank You …. 

 To IFTPS for inviting Campden BRI to offer our views in this 
significant area and on this significant occasion 

 To George & Ian for encouragement and the invitation to be a little 
provocative – trust we’ve not gone too far! 

We’re fortunate: George has graciously accepted our invitation to 
Chair our biennial conference  
 

Campden BRI ‘Thermal Process Conference’  
30 June & 1 July 2016 – all Welcome! 

 

 To my Industry colleagues who have contributed their  production 
time, expertise and data to this paper and my Campden colleagues for 
their lab works and modelling 
 

 To you all for your patience and forbearing …  
 

Any (more) Questions? 
 Flora is here to answer the difficult modelling questions! 
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Conduction errors – probe diameter 

 Calibration test: 
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Elapsed time into Cycle (min) 

4114 
CBRI 
Site TJ 
CTPV 4.4.5 

Cooker: Steam / air Retort Sterilisation 
Cook Set Point = 121.5°C Sterilise 1 

350g pouch 

  

diameter fh 

2mm 21.68min 

2mm 21.93min 

2mm 21.96min 

2mm 21.98min 

2mm 21.98min 

2mm 22.00min 

2mm 22.05min 

2mm 22.06min 

2mm 22.09min 

2mm 22.15min 

2mm 22.19min 

2mm 22.20min 

2mm 22.20min 

2mm 22.21min 

2mm 22.23min 

2mm 22.26min 

2mm 22.33min 

2mm 22.39min 

2mm 22.68min 

2mm 22.72min 

2.5mm 23.16min 

2.5mm 23.29min 

2.5mm 23.46min 

2.5mm 23.96min 

%CV 1.10% 1.49% 



Numerical modelling 

 Temperature differences predicted by finite element 
method: 
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