Gounden T et al Proc S Afr Sug Technol Ass (2019) 92 : 387-397

REFEREED PAPER

CONVERSION OF THE FELIXTON MILL LABORATORY
FROM CONVENTIONAL TO NIRS ANALYSIS

GOUNDEN T, CHILI C, NALA S, SULIMAN M AND RAMBAKUS Z

Tongaat Hulett Sugar, PO Box 3, Tongaat, 4400, South Africa
Tanya.Gounden@tongaat.com

Introduction

The conventional analysis of routine in-process products from a sugarcane mill is time
consuming and tedious (Simpson and Naidoo, 2010). Most of the time is taken on sample
dilution and filtration. The use of lead acetate in sample preparation has negative
environmental and health aspects, with high costs amounting to approximately R105 000 per
annum. When there is a problem area in the factory and the laboratory is required to analyse
more samples, this comes at a cost of extra resources. NIRS for the analysis of sugar products
has been developing since the 1990s (de Bruijn, 1997) and has been adopted by several
industries around the world. The maost attractive feature of NIRS is the ability to provide results
for eight analytes with a single analysis (Pol, Brix, Sucrose, Glucose, Fructose, Ash, Colour
and Dry Solids).

In the South African industry, the focus of NIRS research has been on cane testing and the
substitution of daily analysis. More recently the use of NIRS for factory performance has been
available as a result of the development of suitable prediction equations by the Sugar Milling
Research Institute (SMRI). Global prediction equations, which are updated annually by
including new sample variations. A previous paper highlighted many advantages achievable
by the use of NIRS in the factories (Gounden and Walthew, 2018).

This paper describes the successful implementation of NIRS for factory control at the Felixton
Mill. This incorporates the necessary conditions and requirements as well as the lessons learnt
during the transition from the traditional analytical testing methods (wet chemistry) to NIRS
analysis.

Felixton Sugar Mill

Felixton is one of four mills owned by Tongaat Hulett Sugar in South Africa, all of which operate
on the north coast of KwaZulu-Natal. The mill has a crushing capacity of 600 tons cane per
hour with two extraction lines, each with its own diffuser, making it the largest mill in South
Africa in terms of its crushing capacity. It has the ability to produce around 350 000 tons raw
sugar annually. Felixton Mill lab analyses on average 129 samples a day for Brix and Pol. The
basic sampling frequency for the in- process products is 4, 5 or 8 hourly sampling, and for final
products 2 hourly sampling.

NIRS-LIMS Integration

The Laboratory Information Management System (LIMS) used in the South African sugar
industry is built on Sample Manager by Thermo Scientific. The South African Sugar
Association (SASA) Autolab division maintains and provides a support service for LIMS. The
software is designed to gather and process information for efficient reporting of information
which is then readily available for engineers to make informed process decisions.

Without NIRS, the laboratory information is entered through a combination of manual entry
and electronic transfer from certain instruments and the Cane Testing Service (CTS). For
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NIRS the data is captured directly onto the database, thereby minimising human errors, as
well as reducing time spent by the analysts entering data. Calculations are performed by the
LIMS database and are immediately available to the management staff. Clearly, before the
use of NIRS as the analytical method of choice can be implemented at a mill, the LIMS system
needs to be in place.

Standard REP file

At the heart of the LIMS system is the database structure which is known as the REP file.
Every mill is required to have a REP file which lists all inputs, calculations and is also the
reporting tool for LIMS. Prior to the implementation of NIRS, based on the trials reported by
(Gounden and Walthew, 2018) it became apparent that a standard REP file was essential for
the full implementation of NIRS. The existing REP files did not cater completely for all the
NIRS inputs and outputs and those needed to be developed and included. By the beginning
of the 2018 season, TH had undertaken and completed the task of standardising all of the
REP files for all TH sugar mills. All NIRS reporting items were integrated into every TH sugar
mill. Thus, an implementation at one factory could be transferred to the other operations.

LIMS setup
The following guideline was followed for the operation of the NIRS-LIMS interface:

1. Create NIR sample templates
These templates are used by the operators. This provides the user with a sample 1D which
is entered onto the OPUS software of the NIRS instrument before a sample is analysed.
The results are calculated after being adjusted by the dilution factor. The use of sample
ID’s match the results from the NIRS instrument to the template that was logged in by the
operator.

2. Create product names
All in-process products and final products that were used on the NIRS had to have the NIR
abbreviation in front of its name. This helps the user to distinguish products analysed by
the conventional method or by the NIRS method.

3. Create test schedules
A test schedule allows the user to select specific analysis from a list of test constituents
provided by NIRS for a particular product.

4. Create analysis
This is an Autolab function; it reflects the list of possible test constituents from the NIRS.
For example, a brix analysis was created on LIMS to extract only the brix results from the
NIRS.

5. Mapping of a NIRS version of the factory daily and weekly report
An excel report had to be mapped to extract NIRS analysis and mill performance figures.

6. Create a stock table
The stock table is used to calculate sucrose stock for inventory.

7. Testing

Prior to implementation it was essential to check that the reports were able to produce the
required information accurately. For this a few ‘dry runs’ were necessary to eliminate errors.
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Phase 1 Parallel study: Conventional vs NIRS

It was decided to run a trial where NIRS was used in parallel with the existing methods with
the aim of building confidence and to highlight and manage any potential areas of concern.

Experimental

To obtain a true reflection of the difficulties that may be encountered during switching over
completely to NIRS analyses, a 3-week comparison between methods was carried out at the
Felixton mill laboratory. The trial duration was from week 33 to week 35. The NIRS samples
were analysed by students on experiential training, where one student was allocated to each
shift. Every sample analysed by the laboratory tester using the conventional method, was also
analysed by the NIRS method.

Results
Sucrose purity vs pol purity

While most results were considered acceptable, the results from the first week highlighted a
possible concern with the C station. This was unexpected since the NIRS prediction equation
for C molasses was well established and robust. The potential concern is illustrated below.

The beginning of the trial showed results that caused some concern in the C station only,
when sucrose purity was used as shown in Figure 1. There were great differences in the C
Station performance figures using factory pol (wet methods) and sucrose using NIRS as
inputs. This changed the overall factory purity profile, crystal content and exhaustion figures
significantly. This was a challenge for factory operators and engineers because the gravimetric
purity was always higher than the apparent (pol based) purity. However, this was a known
problem and was easily solved by using NIR pol for purity and other factory calculations. The
NIR Pol results showed a closer relationship to conventional pol, as seen in Figure 2. This
demonstrated the challenge of changing to NIRS and changing to sucrose based purity
simultaneously.
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Figure 1. C Station: C Molasses Purity, MJ — C Molasses Purity, Crystal Content
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Figure 2. C Station: C Molasses Purity, MJ — C Molasses Purity, Crystal Content
and Exhaustion using NIRS Pol vs Conventional Pol Purity.

390

Proc S Afr Sug Technol Ass (2019) 92 : 387-397




Gounden T et al Proc S Afr Sug Technol Ass (2019) 92 : 387-397

A exhaustion

On the A station, there were differences between exhaustion results calculated with
conventional pol analysis and NIRS pol analysis. An investigation was carried out by the
Tongaat Hulett Technology Group (TG) and the SMRI to identify the root cause for the
differences.

The SMRI found that there was an instrument bias for the intermediate equations and
thereafter requested the mill to add in the instrument bias to the NIRS software. This improved
the A molasses purities only but not the A exhaustion figures as seen in Table 1. TG then
found that LIMS was incorrectly calculating the conventional A exhaustion. This was easily
corrected, and the problem resolved. This demonstrated that a systematic approach to
problem solving can alleviate the natural tendency to blame new technology for issues that
may be experienced.

Phase 2 NIRS live

Following the successful phase 1, Felixton agreed to use the NIRS method for lab analysis
but continued with the conventional wet chemistry on products they were uncertain of. During
the first week of going live on NIRS, Felixton was uncertain of the differences between
conventional and NIRS results on final molasses and decided to analyse final molasses using
NIRS and the conventional method of analysis. The SMRI assisted in auditing analysts doing
both methods and found inconsistencies in the conventional method. This could have led to
the differences observed between methods. This also demonstrated the risk of running both
methods in parallel operation.

Table 1. A station purities used to calculate the A Massecuite exhaustion.

Week Week 33 Week Week 34 Week 35
A station Bias Bias Week 35 Bias
33 34
corrected corrected corrected
A M/C Purity - A Mol 15.95 16.12 16.93
Purity
NIRS A M/C Purity - A 15.18 15.17 16.03 16.01 15.88 15.85
Mol Purity
A M/C Purity 85.44 83.45 83.89
NIRS A M/C Purity 85.41 84.84 85.19 84.62 84.58 84.62
A Molasses Purity 69.49 67.35 67.68
NIRS A Molasses 70.23 69.67 69.16 68.61 68.71 68.16
Purity
A M/C Exhaustion 61.24 59.17 61.88
NIRS A M/C 58.97 58.96 61.01 60.28 57.26 58.83
Exhaustion
Difference
2.27 2.23 -1.84 -1.12 4.62 3.05
(WET - NIRS)

The standard REP file integrating all NIRS items was not tested or checked independently in
terms of the calculations. This was because it was assumed that all calculations done by
conventional methods were correct, having been used over several seasons, and could be
used with NIRS inputs.

The NIRS recovery calculations were set up to match the conventional recovery calculations.

This produced a good comparison on recoveries and stock during the trial period when running
in parallel. At this time a NIR stock table based on sucrose was created but not tested during
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the parallel operation trial period (phase 1). Once the project moved to phase 2, the NIRS
stock table was run after the first week producing pol recoveries in the interim and the
pol/sucrose ratio was applied. The reason for continuing to use a pol-based stock table for
reporting was to ensure continuity, since this changeover was being done during the season.
There was a concern that this step change in the result would affect the to date figures.

For weeks 37 to 39, TH calculated the pol/sucrose ratio using the weekly final molasses pol
and sucrose figures (this included all final molasses samples analysed for the week) and
compared it to the SMRI pol/sucrose ratio as seen in Table 2. Table 2 demonstrates a
difference between the two ratios, which suggests a difference in results analysed by
numerous individual samples and compared with analysing a composite sample.

Table 2. Felixton and SMRI pol/suc ratio.

SASA week FX pol/suc ratio SMRI pol/suc ratio

Week 37 0.936 0.920
Week 38 0.936 0.928
Week 39 0.941 0.937

From Week 37 Felixton Mill successfully continued analysing samples using the NIRS
method only, until the season ended.

Operational challenges experienced during implementation

One of the major challenges experienced during any change in the management programme
is the resistance to change usually arising out of fear of the unknown. This change is even
more apparent with the adoption of new technology as employees fear eventual displacement
of jobs.

To mitigate the above, the following strategies were employed to lower the barriers of adoption
by the Felixton laboratory staff and the broader operations staff in the mill:

e Clear and transparent communication with employees
From the outset, the leadership and management adopted a clear and transparent
approach to the implementation of the project, specifically highlighting the benefits of the
technology to the employees and the organisation and quelling any fears of job losses.

e Training and development
All employees were given training, to help get comfortable with the technology. In addition
to the formal training, on the job coaching further assisted in entrenching the methods and
techniques required for accurate results. This was facilitated by both the internal laboratory
supervisor at Felixton, the SMRI and TG. This investment in training accelerated the
adoption of the technology by the laboratory staff.

¢ Providing a bigger picture approach to enthuse employees
Last, but not least, to influence the employee adoption, was management’s efforts in clearly
articulating the benefits to both the mill and the ‘vision of excellence’ to which the laboratory
team is aspiring. In connecting these dots for the employee with a higher vision of
excellence and commitment, trust and support was garnered from the employees making
the implementation process smoother.
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Conclusions

The following are the recommended steps for implementing NIRS analyses in a sugar mill
laboratory:

1. Create a standard REP file for the LIMS. The creation of a standard REP file will allow the
other factories to use NIRS for analysis from the start of the season without having to run
the NIRS analyses system and conventional analyses system in parallel.

2. Create NIRS sample templates, product names, test schedules and analysis for set up of
the LIMS.

3. Map an NIRS version of the daily, weekly and monthly factory reports.
4. Create a NIRS based Stock table.

5. Log in samples into the LIMS and carry out a dry run to detect any errors on the stock table
and the factory reports.

6. Ensure staff are suitably trained.

This exercise demonstrated that the task of switching over from analysing laboratory samples
by the conventional methods to NIRS was not straightforward and the following lessons were
learnt:

1. Most of the work entailed the setup of LIMS for the extraction of NIRS data upfront resulting
in the creation of an enabling environment which proved to be a key component in the
implementation process

2. Running a 3-week trial assisted with the identification of possible problems and
implementation of suitable solutions. Specifically it helped to resolve many small issues
that arose and therefore will not be a concern for the remaining TH mills

3. Ensure suitable training of all operational staff on all shifts and do not limit the training to
one session. All testers or operators were trained prior to using the NIRS. The students
assisted by making the shift testers comfortable with the sample preparation, instrument
and software

4. Have a problem-solving procedure in place. As with all new processes there is a need to
understand that challenges will arise and that a systematic approach to problem solving is
required. This is necessary because all possibilities need to be considered as there is a
risk that the new technology will be blamed for some problems that arise. As shown above,
the new technology assisted in exposing an existing problem, improving the overall
operations. In this exercise with the implementation of NIRS, the roles of the factory staff,
Autolab, the SMRI, and TG support need to be recognised, and efficiently utilised to resolve
any problems that may arise.

Unfortunately, TH cannot completely switch all product analysis to NIRS and will have to keep
a Polarimeter until the SMRI makes available the much anticipated prediction equations for
Raw Sugar.

A final note is necessary regarding change management. One of the difficulties in making any
change to an industry that has existed for over 100 years, is a built-in resistance to change.
Firstly, at a leadership and management level it was made clear that this was a positive
technology change that had to happen to take factories into the future. Consequently, it was
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not an experimental exercise, and a reversion to the old methods was not an option. At the
same time, it was (and is) important to recognise the necessity of a buy-in at operational level.
In this trial, having students on experiential training running the NIRS during the trial period
was most useful. It demonstrated to the lab staff that the analysis was straightforward and
possible and helped to change the mindset of any resistance to change. The adoption of a
more rapid test method allowed staff significant opportunity to do more sampling and
concentrate on productivity improvements.
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APPENDIX A
Comparison of conventional and NIR weekly reported figures for weeks 33, 34 and 35.
Week 33 Week 34 Week 35
NIRS WET NIRS WET NIRS WET

PROCESS FRONT END
Pol Purity Differences
CJ - Mud Pty 1.52 1.25 2.62 1.36 3.11 1.94
Raw Syp Pty - CJ Pty -0.66 -0.07 -0.06 -0.2 -1.76 -0.95
CJ - MJ Pty -0.43 -0.7 -0.67 -1.93 0.62 -0.55
Raw Syp Pty - MJ Pty -1.56 -0.78 -0.83 -2.01 -1.93 -1.5
PROCESS BACKEND
A-station
A Seed Pty 84.59 85.06 83.16 82.6 83.45 84.43
A M/C Pty 84.84 85.44 84.61 83.45 84.01 83.89
A M/C Exhaustion 58.97 61.24 60.22 59.17 57.26 61.88
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A M/C Crystal Content 45.9 48.23 46.75 50.03 43.85 51.87
A Mol Pty 69.66 69.49 68.62 67.35 69.19 67.68
A M/C Pty - A Mol Pty 15.18 15.95 15.99 16.12 14.83 16.93
A Drop on Strike -15.32 -17.39 -17.06 -17.73 -16.12 -17.62
Week 33 Week 34 Week 35

NIRS WET NIRS WET NIRS WET
A Drop on Cooling -1.93 -1.56 -2.79 -1.68 -3.8 -2.83
A Rise on Curing 2.07 3 3.89 3.29 5.1 3.52
B-station
B Seed Pty 73.03 72.72 73.52 71.8 71.87 71.43
B M/C Pty 71.41 71.59 71.46 70.42 70.2 69.61
B M/C Exhaustion 63.89 64.34 62.24 62.36 61.38 61.79
B M/C Crystal Content 43.02 43.75 41.87 45.99 40.71 40.98
B Mol Pty 47.42 47.31 48.6 47.19 47.64 46.66
B Magma Pty 90.86 91.9 91.31 91.18 89.93 90.6
B M/C Pty - A Mol Pty 1.75 2.09 2.84 23 2.27 1.92
B Drop on Strike -22.58 -23.35 -22.76 -23.28 -21.05 -21.81
B Drop on Cooling -49.21 -3.61 -21.5 -4.04 -2.29 -3.77
B Rise on Curing 48.31 2.69 26.53 4.34 2.19 2.63
C-station
C Seed Pty 68.09 67.1 68.82 68.31 69.9 68.82
C Seed Nutsch Pty 50.89 49.41 53.72 52.5 55.08 52.73
C M/C Pty 54 54.92 57.58 54.56 54.44 53.91
C M/C Exhaustion 52.62 53.85 55.4 53.66 51.78 50.43
C M/C Crystal Content 28.42 28.58 30.54 28.37 28.19 26.36
C1 Sug Pty 81.33 82.06 80.44 80.9 83.12 83.27
C2 Sug Pty 80.58 80.9 81.29 81.28 83.29 82.78
C Drop on Strike -14.88 -15.88 -16 -15.47 -14.08 -14.1
C Drop on Cooling -6.02 -5.6 -6.64 -7.03 -7.5 -6.88
C Rise on Reheat 1.14 0.55 0.91 0.22 0.9 0.66
C Rise on Curing 1.37 2 1.64 2.6 0.54 3.1
SUGAR and MOLASSES
Tons Pol In C Mol Made 717.98 694.31 708.23 682.42 862.78 843.54
Tons NonPol In C Mol- Made 1181.32 | 1236.82 | 1166.89 | 1226.92 | 1395.02 | 1458.95
Pol % C Mol (Calc WAV) 31.01 29.98 31.02 29.89 31.64 30.93
Bx % C Mol (Calc WAV) 82.02 83.4 82.14 83.64 82.79 84.43
C Mol Pty (Calc WAV) 37.76 35.97 37.71 35.68 38.79 37.16
RECOVERIES
Molasses
Tons Mol M&E TW 2505.6 | 2495.78 | 2487.14 | 2427.77 | 2821.57 | 2837.74
Tons Mol M&E TM 4899.42 4653.4 | 7386.56 | 7081.18 | 10208.13 | 9918.92
Tons Mol M&E TD 59276.15 | 59030.13 | 61763.29 | 61457.9 | 64584.86 | 64295.65
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Tons Suc In Mol M&E TW 828.87 807.44 823.06 731.74 974.97 951.25
Tons Suc In Mol M&E TM 1589.15 | 1449.31 | 241221 | 2181.06 | 3387.18 | 3132.31
Tons Suc In Mol M&E TD 19063.8 | 18923.96 | 19886.86 | 19655.71 | 20861.83 | 20606.96
Tons Pol In Mol M&E TD 17663.39 | 17542.94 | 18426.87 | 18265.72 | 19343.9 | 19178.51
Tons Pol In Mol M&E TM 1479.72 | 1359.27 22432 | 2082.05 | 3160.23 | 2994.84
Tons Pol In Mol M&E TW 801.3 758.78 763.48 722.78 917.02 912.79
Tons Mol M&E @ 85 Bx % Cane TW 2435.17 | 2450.33 2382.6 2405.2 | 2725.69 | 2796.01
Tons Mol M&E @ 85 Bx % Cane TM 4573.42 | 4560.44 | 6956.02 | 6965.64 | 9681.71 | 9761.64
Week 33 Week 34 Week 35

NIRS WET NIRS WET NIRS WET
Tons Mol M&E @ 85 Bx % Cane TD 58603.76 | 58590.77 | 60986.36 | 60995.98 | 63712.05 | 63791.98
Ratios
NonPol Ratio TW 1.01 1.05 1.12 1.17 0.98 1.03
NonPol Ratio TM 1.03 1.07 1.06 1.1 1.04 1.08
NonPol Ratio TD 1.12 1.12 1.12 1.13 1.11 1.12
Non Suc Ratio TW 0.98 1 1.05 1.15 0.93 0.99
Non Suc Ratio TM 0.98 1.03 1.01 1.07 0.98 1.05
Non Suc Ratio TD 1.1 1.11 1.1 1.11 1.09 1.1
Pol
Pol In Mol% Pol In MJ TW 9.68 9.17 10.87 10.29 10.23 10.19
Pol In Mol% Pol In MJ TM 9.41 8.64 9.86 9.15 9.97 9.44
Pol In Mol% Pol In MJ TD 10.1 10.03 10.13 10.04 10.13 10.05
Pol Undetermined% Pol In MJ TW 2.15 2.43 2.31 2.68 1.94 2.16
Pol Undetermined% Pol In MJ TM 0.73 2.78 1.22 2.75 1.42 2.58
Pol Undetermined% Pol In MJ TD 2.92 2.94 2.89 2.93 2.85 2.9
Pol In Tot Sug% Pol In MJ TW 88.17 88.4 86.82 87.03 87.82 87.65
Pol In Tot Sug% Pol In MJ TM 89.87 88.57 88.92 88.1 88.61 87.97
Pol In Tot Sug% Pol In MJ TD 86.99 87.03 86.98 87.03 87.02 87.06
Pol In Tot Sug% Pol In Cane TW 86.82 87.05 85.05 85.26 86.18 86.02
Pol In Tot Sug% Pol In Cane TM 88.36 87.09 87.34 86.52 87.01 86.38
Pol In Tot Sug% Pol In Cane TD 85.35 85.39 85.34 85.39 85.38 85.42
Sucrose
Suc In Mol% Suc In MJ TW 10.03 9.77 11.75 10.44 10.9 10.64
Suc In Mol% Suc In MJ TM 10.1 9.22 10.61 9.59 10.69 9.89
Suc In Mol% Suc In MJ TD 10.85 10.77 10.88 10.75 10.88 10.75
Suc Undetermined% Suc In MJ TW 1.64 1.67 1.27 2.36 1.11 1.54
Suc Undetermined% Suc In MJ TM 0.78 2.18 1.02 2.24 1.06 2.04
Suc Undetermined% Suc In MJ TD 2.63 2.61 2.58 2.6 2.52 2.55
Suc In Tot Sug% Suc In MJ TW 88.33 88.56 86.98 87.2 87.99 87.82
Suc In Tot Sug% Suc In MJ TM 89.11 88.6 88.37 88.17 88.25 88.07
Suc In Tot Sug% Suc In MJ TD 86.53 86.62 86.54 86.64 86.6 86.7
Suc In Mol % Suc In Cane TW 9.88 9.62 11.51 10.23 10.7 10.44
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Suc In Mol % Suc In Cane TM 9.94 9.06 10.42 9.42 10.5 9.71
Suc In Mol % Suc In Cane TD 10.64 10.57 10.68 10.55 10.68 10.55
Suc In Tot Sug% Suc In Cane TW 87.1 87.2 84.96 85.42 86.29 86.18
Suc In Tot Sug% Suc In Cane TM 87.62 87.12 86.8 86.59 86.65 86.48
Suc In Tot Sug% Suc In Cane TD 84.91 85 84.91 85.02 84.97 85.07
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